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PREFACE
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.

The primary purpose of this training course is to develop the capability
of practitioners in the Home Building industry to Size, Instali and Operate
Solar Pleating and Cooling Systems for Residential Buildings. The goal it
to pitve this course implemented nationwide to train practitioners inthe
regulsfte skills to integrate solar energy systems into residential buildings.

Recent estimates indicate that a substantial amount of domestic space and
water heating in the United States will be accomplished by solar energy
in the near future. However, significant implementation can only be achieved
if substantial capabilities are created among the professions and trades
in the building industry to install solar systems.

This Lgining course, and a companion course titled Design of Systems for
_Solar Heating and Cooling of ReSidential Buildings, are courses to train'
home designers and'builders in the fundamentals of solar hydronic and air'systems
for space heating and cooling and domestic hot water heating for residential
,buildings. The modularized structure of the training courses-provides ,

considerable latitude in organization and presentation, especially wit0.
_regard to the time.period over which the course could be presented. At '

Colorado State University, the course is'presented in five continuousadays,
but a longer period of time utilizing evening hours could be used just as
effectively. The structure also provides for verification that participants
have achieved -anticipated levels of underst6nding%,At CSU,.validation is'
in the form of daily evaluations by the participants 'especially with regard
to material content and methods of presentation. The instructors interact
and respond to the evaluations and alter lheir methods of presentation to °
meet the needs of particular groups of trainees.

COURSE DEVELOPMENT'.

This training course was developed.by the staff of the Solar Energy-Applica-
tions Laboratory and vocational education specialists at'Colorado State=
University in cooperation with the NAN Reearch Foundation, Inc., Rockville,
Maryland. A national advisory committee was establishedto provide advice
and_general guidance to, the project staff regarding direction and content
of the training courses. The committee members are from various sectors.
of the home-building industry, and also teachers, architects, engineers and
representatives from governmental a.ge'ncies.

'In determining'curricylum content, a'rigorous procedure was followed to
develop course standards and needS by interacting' with architects, engineers,
builders, contractork and installers' of heating, ventilating and air
conditioning systems in *residential buildings.. From the standards and

needs, obctiirei for.the course were developed and the curricular mate ials
were then prepared. - . 411
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This manual'for the training, course was prepared with the cooperative efforts

of many people under the organizational efforts of Dan S. Ward. The program

for development o both the Design and the Installation courses was directed

by Susumu Karaki ith Geo'r'ge O. G. LOf as senior advisor. The authors of.

this manual have individually and collectively, considerdble experience
in,the desigo, ynstallation, operation and maintenance of solar systems for

space heating aind cooling and domestic hot wateicheating. A
are

biographical

sketch of the authors and their contributions to the manual are hereafter.

described.

Dans. Ward Dr: ,Ward joined the staff of the Solar Energy Application
Laboratory at Colorado State University in 1973 and presently serves as
Assistant Director of the r.aboratory as Well,as Assistant ProfessA of Civil
Engineering. and Physics. Since 1973 he has conducted research in solar
heating and cooling systems, and has taught courses in solar energy applica-

tions;

Dan Ward has considerable experience with solar heating and cooling systeT
including supervision of design, construction and, installation of the solar

systems in three Solar Houses at Colorado Sttte Uriiversity. He is
chairman of the ASTM subcommittee on development of standards for testing

solar energy systems, and has published many papers and written several
reports on heating and cooling systems.

Prior tojoining the CSU faculty, he was a home building contractor in .,
Houston,,Texas,and this experience in addition to his knowledge of solar
syttems has proved to be very valuable, especially with regard to this

training course.
.
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Besides orgapizing and directing the development of this training course,
A Dr. Ward also had principal responsibility for the preparation of the

following modules of the manual: Module 3, Introduction to Solar Heating
and Cooling Systems; Module 12, Operations Laboratory; Module.19, Scheduling

.
of Solar Installations; Module 22, Future Prospects for Solar Heating and

Cooling Systems.

Susumu Kar'aki -- Dr. Karaki has been a member of the.faculty at COlorado State

University for the past 19 years. He is Associate Qirector of the Solar
Energy Applications Laboratory and Professor of Civil Nil-leering. Being

involved in solar energy research since 1973, he has directed a number of
research projects in solar energy utilization.' Susumu Karaki has served
'On several committees of the International Soloa1- Energy Society, and, has

been'd member of U.S. teams for international information exchange on solar

energy utflization.
AA.

In ,additinio directing the activity for development of the two training,

course's, Dr. Karaki was principallyresponsible fop': Module 2, Course

Orientation; Module 9, Solar Cooling Systems; Module 15, SysteM Econorois;

Module 16, Solar Sizing Calculations.
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George O.G. Lof Dr. L6fhas specialized in solar energy utilization for,
over thirty years.and pioneered in the development of solar heating and cool-
ing systems. As Director of the Solar Energy Applications Laboratory, he is
responsible for the considerable progress made in development of solar
systems at Colorado State University and elsewhere. His accomplishments
have earned him worldwide rec gnition and among his many awards.is the
Lyndon Baines Johnson award r outstanding service to 'mankind.

George Lof served as chaff an of the advisory committee that guided the .
development of these,pra tical ,courses and was senior advisorto the staff.
Additionally, he prePar d the olloWing modules: Module 7, Service Hot
Water Systems; Module/21, Buye s Guide.

Charles C. Smith Smith's background experience includes design and
installation of ye iety of solar heating and 'cooling systems, for various
sized buildine was involved in the design, installation, and operation ---
of the liquidlteating solar system'in CSU Solar House I, air-heating_solar
system for'Ochool building, a small scale residential-greenhouse'combination
structure /and a heating system for a fish hatchery. The variety of solar
syStems /ith which he has been associated includes those for agricultural
uses d/food processing applications.

arles Smith was principally responsible for the_ preparation of the following
modules this manual: Module 6, Thermal Storage Subsystems; Module 8,
Solar Space Heating Systems; Module 10, Solar Heating and Cooling Systems;--
Module.18, Retrofit Considerations. Additionally, he participated signifi-...",--
cantly.in preparing Module 7, Service Hot Water Systems; Module 11, Control

//

Subsystems.

Michael Z. Lowenstein -- Dr. Lowenstein is Professor of Chemistry at Adams.
State College in Alamosa, Colorado and has specialized in energy education.
He serves as consultant,, -to the Energy Research and Development AdminiStration
in the public information program on energy in the State of Colorado. During
his sabbatical leave from Adams State College, he served for one year at

Colorado State University and participated in the preparationaf this training
,manual. Mike Lowenstein's principal contributions are: Module 1, Energy
Problem; Module 4, Solar Radiation; Module l7 Cost Effectiveness of Energy
Conservation; Module 20, Constraints and Incentives.

C. Byron,Winn -- Dr. Winn is Professor of Mechanical Engineening and. has be
actively involved in.solar heating and cooling systems since 1973. He has
designed and installed both liquid and air-heating solar- systems An seven",
residencs, and thereby has gained considerable practical experience..

,Byron'Winn organized and directed the development of a training course for
.,Design 'of Systems for Solar Heating and Cooling of Residential 'Buildings,
"which is,6 companion course. o this.one. His principal contribiltionsto this

manual' are: Module 11 Control' Subsystems and Module:12, Operatiops Laboratory.

Milton Larson For" the past 25 years, Dr. Larson has tleerrengaged.in
educational work, withtechnical-education and trade and industrial education
as the focus of activity. He is *Professor. of VoCational -Education. at Colorado
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State University and has set'ved:as head teacher-trainer for technical education
in the Department of VoCational Education for-the last eleven years. F.

Milton Larson, along with Dr. Valentine, provided expert advice to the staff
in"developipe the tra9ning,course and this manual.

Valentine -t-^Dr. Valentine, along with Or. arson, served the staff
wht prepared this-manual as a vocational education specialist. He has.con-
siderable experience in,curilculum development in all,areas of technical

education and has, additionally, practical experienceexperience<as a consulting
engineer,, and,al'so as a heating and plumbingcontracfor.

. Ivan Valentine's extensive experience in vocatAnal technical education
contributed significantly to tiv development of this practiCtl train-frig

I

course, and manual. /

NAHB RESEARCH FOUNDATION, INC.

The NAHB Research Foundation thrbugh Ralph J. Johnson, Staff-Vice President-
and Director, and H.W. Anderson contributed considerably to the development
of the training course and this manual. Mr. Johnson, in particular, carries ,
with him over 30 years experience in housing and home-building research.
The NAHB Research Founflation ha's been involved with the4use of solar energy
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; GLOSSARY O TERMS.- .s
*

4

. A
i , ' . .

....

.

breeder'reactor
.

,

. A'nuclear fission reactor which convertsthe' 1

/ 99:3 per cent of natural uranium that can't, .

. .
. , be used for reactor fuel-into-plutonium,.which
.

, 41r 1 can be used for .reactor fuel. - '...,
,

deuterium
,

- - ,

A form of'hydrogen in whik#r each atom is twice

as heavy "as a normal Hydrogen atom.
4

doubting-time The time required for 4 size of a quantity

to double under exponential growth: Give by

the equation: Doeple time = 70yearsg,growth.

'.exponential growth An...44,ceeasing growth - the type of growth that

occurs when the size bf.the growth depends on
the .size of the quantity growing.

farolerm future The period' from the year 2000 on'.

fosSil fuel? Coal, petroleum, natural gas.

geothermal 0 .Literally "Earth heat ".

hydroelectric e use of the energy of falling water,to spin

turbine to produce electricity.

linear growth Straight line growth - the type of growth that,
occurs when the growth is by a constant amount

each year."

The next 10.- 30years, through the year 2000.near-term future

nuclear fiss ion The splitting of an atom of uranium or
plutonium to form two lighter atoms and
release a large amount of energy in the form

of heat.

nuclear fusion The reaction that occurs in the-su6..Two atoms
of deuterium are joined together to form a
single atom of helium. A large amount of energy
is released in the form of heat,

r,
passenger mile Moving one passenger one mile.

.reactor-year The operation of one reactor for one year.

solar Referrihg to the sun .

ton. mile Moving one ton one ale.

wind The movement of air-over the-surface of the
earth. Caused by 'heating of the,surface by

the sun.
4
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INTRODUCTION

3

/' : There a e many people today who realize that there is d serious. ,

energy problem in their United, States. Much has been written and said

about the energy situation, bat it is still difficult to understand why;

after years of plahtiful and cheap energy, there should suddenly seem

to be a smaller amount of ,energy available, and only at higher prices. .%

The issue is'confused by varigusliphorities and organizations issuing

a.. contradictOry reports as to the magnitgje of the problem. Ih this
se

module'the current energy situation is examined from a historical view

point, and with a" looks into the future..''
.

OBJECTIVE J

The objective of the trainee is to understand thepenergy problem sb,

that utilization of sdlar energy, on a national .scale can be kept in proper

perspective. At the end of this module the trainee shodld be able...to:

.4 1. Identify the concept of exponential, growth,

2. Recognize. the problems associated with trying to

sip

meet increasin g demands 'with rlimited resources ,

Real ize. the part that conservgtion can play il' meeting

future energy needs,
A

, ,
s 4. - Describe the potential and limitations of: ,'

.

a . oss fuel s

,s, b,., it c 1 e a r energy

c, .Geothermal .energy
,..

Wind" energy

o

ti

274
4 .0
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e. Hydroeldttric energy

f. Solar energy

THE ENERGY PROBLEM

Energy, like commodities, is'expected to,follow the laws of supply
A

and - demand. If demand exceeds supply there will be a shortage. In most

,situations a shortage will result-in a price increase; the prospects of

higher profitsrPrompt more production; the supply will increase to,meet the demand.- Th4(energi situation, however,_ differs from the normal

situation in several ways. Regulations,on the price of energygofty re-
.

quire that it be sold at a cost beloi.the real market value. Rather than

encouraging increased supplies, such price regulations tend to reducelhe

interest of-producers to increase the supply. And even when a supply in-

crease is desinable: there, are natural and Unnaturaliimitlebeyond which

'the supply cannot be increased, no,matter what the price. Finally, the-,

demand forenergy)eems to_be'increasingrapidly and without limit. The
, //'

,. ,
combination of these factdrs, operating outside the laws of supply and

r. A

.- deMand, is what makes the energy problem so.seriods, a

GROWTH-OF7OEMAND

.There are two basic ways in which a quantity ca y groW; linearly or

-,,exponentially. These growth mode's are illustrate

as ankexample/two misers who are saving money.

The solid 1.ineepresents a mi-ser who saved ten dollars a year by

Figure-1-1 using

.stuffing it-under the mattress of his'ird. Every ten years he stashA
.4

away $100, that when twenty years have,passed, he has $200; thirty

years, $300; etc. The mdneyttashed away is an example of "linear graLth" ,

.

8
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Figure 1-1. Growth Modes,- Linear and Exponential
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I

Exponential ,Growth (7%) ----)//

.

Doubting 1 e
(70 / %Growth

.

)'/......../....Z7-7

/
//

6, .

/// //

l
/

.
.

/
. / /
//

Linear
e

Growth

. ,

RIP

40 4 50

in whichthe growth is by a constant' amount each year. The dashed line
er

represents a rrfiser who decides after ten years to take his' $100 out of

.

tie bed and to invest it in a savings account at se,en per cent interest.
.

At the end of twenty years the account is worth .$200;' in thirty years,

a$400; in Oty-yearST $800; without any deposit beyond the original $100.

Money invested at :interest tis an example of "exponential growth" in WHich

the size of th& growth depends on the size of the-quantity,that is growing.

Shown in th cfigUre is the "doubling time", the time required,fo the size

of the oviLing'jteui to double.: Note that the doubling time depends on the

growfi rate.'

29
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Many natu'a1 processes exhi6it.exponential growth. The epergy situa- _
v

Lion is'directly influenced by the world population, which is growing ,

ekponentially.as'shownin Figure 1-2.

6

-
,*

a.

0
2

o
1600 . 1700 1800 1900

Year
2000 2100

Figure 1-2. Growthpf Worl Population

According to current trends, the populat on of the world will reach six

---

billion 'by. the year. 2000 - almost twi the current population. ,_(At the

present growth rate of two and one'--; y. f per cent, the doubling time, for

population is 28 vears.) If etle deman creased along withpopula-
n

twice as much energy woul be need d by 2000. In fact, energy

\

demand is growing faster than populati and the need to triple the world
i ,

,

energy supply is a tipAted.

figure 1:-..3 (a thr6g d)illustraies some other exponential processes

that affect,the energy situati

30
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Figure -1 -3. Exponential Processes Related toEnergy

.UNITED STATES ENERGY PROBLEM

'The worldwide energy sjuation has particular Ampact on. the United

States, since we have alwayS'been large users of energy. (Our high stan-

dard of livingcan,be linked directly to hign energy use.) The economic

boom of the 1960's resulted in a_high level of surplus income, most of

whi* was spent on energy -consuming luxUries. Second cars, motor homes,
.

.

snowmobile,,s-peedboats - all became a way of life for United States

citizens. All used large amounts of energy, both in the manufacturing

31
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process and for'operatidn. The demand fo-r leisure,ttme resulted in major

'Changes in industry and agriculture with a crease, in tedious labor at

eXpense,bf increase in the use of energy.

The advent of..the "environmental movement", also in the'1960's, had

a Very'sjgnificantieffect n the e nergy situation. The actual'implementa-

tion of pollution controls On:industry required the expg-i-diture of large
I

amounts of energy, (Figure 1-3-a): At the same time that energy deMands were

'
increasing,Testrictions were placed on the supply of energy. Nuclear

powerplants were delayed; aim' power plantvwere restricted,, off -shore

SrillinZfor,oil was
,
halted; the Alaskan pipeline was delayed; 'and supply

started to fall short of demand. Th, oil embargo widened the gap between

supply and demand and since that time we have become inoreasingly,dware

orthe fact that not only is energy going to become more scarce, it is

going to tcot more - prbbably a good deal more.

THE ENERGY., FUTURE .

, Two periods can be identified in the future. The first is the "near

future "; a period ot'twenty to thirty yearS up-to-the year 2000. The

second is the "far future", stating at 2000 and continuing on for an

undeterminANtime. 'The solutions to the "energy problem are different for

these two periods and each period must be examined separately.

The Near Future

The near future must be characterized both by an :increase in energy

supply and a decrease in demand.

Demand Decrease --Since the largest factor causing increased demand

is the growing population, a world -wide plan for, population control will
,

e,

be -required_ lipless.the exponential growth of population can, be halted,

i2
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,
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,

,
L .

.._ ,

energy supply, will continue'to.lag behind demand. Deman4,can also be

decreased by conservationmeasures. Recycling has the potential to save i

, /tW

,energy as does' the redesign ,of consumer goods to emphasize long life and

.repairabilityt Appliances and automobiles can be designed to use -energy

more efficiently. (The 'conservation- of energy in homebuilding fs dis-

cussed in Module ,17). Some alterations of life stylexaft produce energy
a e

savings. As an example; a shift in federal policy fromlbuilding airports

tsy0port of railroads would result in a large increase,in the efficiency

of freight transportation-(Table 1-1). There is,-howevery a limit to the

amount of energy that_can,be saved by conservation measures without major

changes in lifestyle that may not 4e-acceptablelandConservation alode

cannot eliminate the gap between energy supply and demand'. Conservation
tf

cane extend the period before the energy situation becomes critical, thus

4

providing more time for the developthent of new technology.

3

Table 1-1. .Energy Efficiency 4fTransportation

ENERGY EFFICIENCY FOR PASSENGER TRANSPORT ENERGY EFFICIENCY FOR .

FREIGHT TRANSPORT

BTU PgR PASSENGER MILE

ITEM
URBAN INTERCITY,

BICYCLE 200

WALKING 300

BUSES T 3700 1600

kfLROADS 2900

AUTOMOBILES 8100 3400

AIRPLANES 8406

°

SU

0

3 VS

ITEM
BTU PER

TON MLLE

PIPELINE 45
RAILROAD 670

WATERWAY 680

TRUCK: 3,800

AIRPLANE 42,000
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SUpply-Inc eases,- In the near future the major-portion of our energy

supply must come from known and deviloped technologies. It has tradit)on

ally taken twenty to tbirtS' years from thedeVeloOment of new technology

- to its commerccial 40ieatiori and there is no evidence that this time

period can be significantly shortened. For the next twenty-five years

the energy.supply must come from fossil fuels, hydroelectric dams,.and

nuclear reactors. It is useful to examine the potentials of each of these

energy supplies,

Fossil- Fuels - The fossil fuels consist of coal°, oil, and natural gas.

These are-found in the earth at depths ranging from less'than a..hundred

4

feed-ta_several mile's. Fossil fuels have been,ftirmed from animal and

vegetable-matter deposited between ten and a'hundred million years ago.

While the processes that formed these. fuels are still going on today,'as

far as mankind is concerned, once the Pres6-nt supplies are-used up, there

will b( no more fossil fuels. In addition to the-problem of limited

supply, the use of fossil fuels is complicated -by .envi,ronmental problems,

both in the extraction and burning of the fuel.

Coal - Large, low sulfur coal fields in-the United States are

found in'the Western states - Wyoming, 44ontand, and Colorado...Many Ur-

these fields are found near the vrface and are suitable for strip-mining.

The strip mining of,these coal deposits is meeting opposition from many

citizens of the states involved. Tile primary concern of tha citizens is

the environmental impact of strip mining. There has been some succeiss in .

Eastern states with the restoration of stripped-land to beneficial use.
,

.

c.

.

Kowever, in the water-short West, restoration is still in the experimental

Stage. Untig this matter is resolved,'reiistane to strtp.mining will
t

continue.

34 ,
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For deep miningtd provide large amounts of coal in the futur'R',-

neW'methods*of mining must be developed that-are not dependent h- a

ldrge labor force. (There seem to be few people who are willing to.,

become coal miners.) A, large increase in the number of mining'engineers

will be required. There 4i also the probleth_of Goal supply. While the -

United States has latgeamounts of coal,, the supply is not,infinite

(Figure 1-4), and the cost of extracting coal goes up rapidly as the

supply is exhausted .(Figure 1-3-b)`. When all the facts are considered,

the production of large amounts of coal is not a sjmple task.

Petroleum - Any consideration of oil as an energy source

raises the question of the impact on the economy oflarge payments

for foreign oil and the envitonmental dangers posed by large scale off-,

shore drilling.. There is also a great deal'of controrsy over the

amount of oil thatis available on earth. While the m;jorSoil companies

claim that supplies are dwindling, others say that the lack of reserves

has Come about because the oil companies are not looking very hard for

oil. However, whether oil will run out in fifty or two hundred years,

there is no question that oil cannot be regardedias a long-term future

energy supply (Figure 1-5).

Natural Gas - While there is also controversy over the avail-

able amount of natural gas, there is general agreement that it is the

most limited of the fossil fuels. United States reserves have been

decreasing steadily for the last ten years and natural gas shortages

have.already,been exiperienced'in some areas,of'the country.' The more

optiWicestimates suggest that natural gas will be essentially gone

within thjrty years:, pessimists say ten years.. Natural gas- ,is certainly

not a long -term future energy source (Figure 1-6).

3.5
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Nuclear'Fission - The potential for the supply of electrical energy

from nuclear fission has already been well demonstrated. At present about

nine percent of our national electrical energy demands is satisfied by

nuclear energy. It is anticipated that, by 1985, nuclear reactors will

-

be producing almost twenty perCent of our electrical energy and, by 2060;

//

fifty percent. This anticipated growth of nuclear generation raises some

serious doubts and fears in the minds of the public which must be answered

if the industry is indeed p grow as expected.

f I
Fuel SuQp1.1 - Present reactbrscan use only about 0.7 percent

of natural uranium as fuel. .Current uranium reserves can be expected to

supply present and future reactors Vast the year 2000. By the time these

reserves are depleted, the breeder reactor; which converts the remaining

37
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99.3 percnt of the unusable uranium into a useful fuel, plutonium,

should be on line. The breeder reactor promises a nuclear fuel far into

the future, 'perhaps as much as a thouSand years.

Safety= The nuclear power industry has a remarkable safety ,

record: To date .there has not been a single'injury or death attributable

to _radiation i -a,commercial power plant. ,Tbe industry has accumulated,

175 reactor-y ars of operation ands the U.S. Navy has 1300 reactor -years

of operation, all without a single ac6iden

Despite this impressive safety record, ere is a segment of the

public that is demanding a halt is the construction of new reactors and

a shutdown of those already operating lecause they are "unsafeA

. -

horrible scenario 'is envisioned by the critics of nuclear power in

which a reactor explodes, nuclear material is scattered through the air,

and mjllidns die. In fact, there have been some serious accidents at

"nuclear power plants and in every case the multiple- redundant safety

,
systems shut down the reactor with no human injury and no leakage of

radioactive materials. An exhaustive study of nuclear technology was

completed in 1975, known as the "Rasmussen Report" after the scientist

in 'charge of the study. The conclusion of the study is'that the proba-

bility of being killed by a nuclear reactor acciderit is lowpr than the

,probability of being struck by a meteorite -- about-one chance Tr'

300,000,000. In contrast, the probability of being killed in an-auto-

mobile'accident is about one chance in 42000. .

ti

Waste Disposal - Nuclear power Plants produce. small quantities

of highly radioactive waste that will require long-term storage. A tech',

nique has been developed to convert,this waste into a solid ss-like

material that can be easily stored. At present, the site for long-term

storage has not been selected, but by the time appreciable amounts of

*
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wastes accumulate, twelve to fifteen years from now, it is expected that a

satisfactory storage site will be available..

Hydroelectric - Hydroelectric power has traditionally been thought of

as a "clean" form of energy in that it causes no emiss'ions. However, it-is

not without environmental effect. The creation of a large lake out ofwhaC

was previously a free-flowing river causes environmental changes resulting
)

J.
in the death of some species and the -growth, of others. There is also evi- .

dence that the creation of large lakes can cause cliniatic variations over , .

wide areas. The "wild rivers" legislation had been passed to protect'some

----\
.

t,rivers and the public is increasingly Opposed to large,hdroelectric .

projects. Even if we ignore these considerations, the potential contribution

of hydroelectric power in the United,States i(s small. If every possible

river were dammed, less than four percent of our estimated electrical needs

in the year 2000 would be met..
/./-

Summary, -Near Future - In the next ten to thifty years-our energy will

have to tome from knOtM technology. The fossil fuels (primarily coal),

;

nuclear, and hydroelectric are currently available, All of these technol-

ogies are in- use today and are safe and reliable, We,cannot afford to

ignore or prohibit anyone of the three without serious consequence to

,prOduction of goods and service. Conservation of energy will serve to

reduce the anticipated shortages of energy and provide a little more time

for the development of long -term energy technology.

Far Future

Energy for long-term use will come from technologies which are now being

developed or perfected. The breeder reactor has been previously mentioned as \
. I,

. -

a means Of extending nuclear fission into the future. Several other tecfinol-, `

e

ogies will now be mention0, While this list is notall-inClusive, it

illustrates the kinds of energy sources that are being considered.
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Wind - Wind energy is one of the oldest forms of energy used by man,

having been used since biblical'times for moving ships and since the

fifteenth century for 'powering machinery. 'For cerfairi isolated loca-

tiolis,Where conventional electrical energy ts unavailable, wind power

is already being used. However, the feasibility,of generating signifi-

cant amounts of energy for national needs has not been demonstrat64. To

generate one megawatt'requires a windmill about 180 feet ih diattet'er on

a 200 foot tower, with an average wind velocity of 30 miles per hour.

Thousands of towers would be needed to replace one coal generating plant.

c,
Recently a large7scale demonstration wind generator has,been built.but

the technology is still several years from being perfected_While wind

may be.utilized in some portions oflhe country, it..kunfikely to be,

.

significant i
t
n meeting our needs in the near future.

. Geothermal -"Geothermal power generation utiltiek the heat of the 0

( ,earth-to produce steam to run turbines. Theoretically, the extent of

geothermal energy is unlimited. However, practic,ally,there. are limita-

tions to its use. Geothermal steam produces several enviropintal effects.

If dry'steam is obtained; a rare occurrence, prOblems come from noxious , . A. . .

. .

gasses that are found with the steam. Hot geothermal water is extremaiy
.

,

. l' $7. -AO
salty, containing.as much as twenty percent dissolqd 44s (ocean_water

4I
0

4

a

contains about three and one-half percent). The disposal of this water
.

..

a -v.

is
.

_

a problem, since if'is much tad salty to be doped tnto-reas. The 1
.

, t :; ". -
-,.. ,

water can be reinjected into t earth whitre01, but this.requires-using' .

some of the energy that was generated., In some areas piping out large

quantities of water has. caused the land to sink. Finally, useful geo-:

thermal energy'ts found only in a few locations. The geysers steam field

near San Francisco, California is the only large developed geothermal site

in the United States. It's capacity of 400 megawatts is les' than ten
A

2 40
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.,.
percent of the area's'ene.gy needs. Because of -the many problems enco

..t r
.

geothermal energy must still be classified ag in the "developme stage.
. ,,

. _

. .

Nuclear Fusion - Nuclear fusion is the reaction that occurs' in
. ,

the. _,. . ..,. , .,

sun aod involves the joining of two atoms 'of heavy hydrOgen (deuterium), *47 k.
711' C, - 1to form an atomO'f helium., When this occurs,,,gat a temperature of over ten i'

'milli on degrees, a large amount of energy is released. The problem is con-
- ,

k)'-' 4-
... . trolling and containingthis reaction to Male it occur sldwly, enough so that. .. v.

'useful energy *nbeobtained. Tb date, stforts.to carry.odt a contro.ne'd
, , .

0. . .. . . 0 .

.4,'nuclear fusion eaction in the laboratory have been unsuccessful. The prob-

lems

...-

lems are significant andit is possible that nuclear fusion may never be'
It

successful ly util eiperiments do succeee(some are predicting

success viithin ten years), the ge neration .of useltirenergy will still be
%tab

-manlyears in the future.

.Solar - tolar energyo'e'Presents a potentially large'energY source.
TA

.
one-191f 'Of -one percent of the land area ,in the Upited states receives'

radiationenough radiation to-supply a1.1 the energy we need in the Veer 2000.
P

-r

Technically it- is possible.tout ize solar energy to generate electricity.,
, .

steam.heat hoThes,, and produce ste. The major problem is .that solar energy is-.. ,
4,

a

A

4 '
difft4e,and Is received on the earth's surface Stiblim intensity. A'100

t

_ .
. . . . . ..

megawatasolar ermSl.p.ower plant requires over a milition square feet
%4' .

(23 acres) of_cof fectOrs. 'Th techtioini.*1 designof such a power-plant
. I - 01 - %

..
-

. t

s r

is now being'Investigated-anci the 'next few years should regglt a n 'deter-
.

mination crf.' the feasibilitycrf large-scale ''solar electricity generation.
* A

'zed efforts on; -use of,sol,ar energy for home heating have
. .

,
beer) going on since 'the 1940' s.-- However, it is. only recently) with the

. ,, ,*
sudden inceeases. in the cost tf .06 ssil.Tuel's, that large scale effor.ts havt5' _

. P -
been made toward deve oping this technoloagy.'ln some areas where, fuel costs

.are high, solar h

.6:

ft

ing can compete successfully tod
far. As .411,1 prices rise--

e. - 4-
i, .

.
. .

1

,
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and the eechnoligy improves, solar heating will pray an '-inareasingly.
e-- '. . ,

larger part in meeting future energy needs.

A reasonable goal by the year 2000.is for ,one-third of new construe-
, `-

tin anci:one,third of old construction td be fitted with selar.slieating.'

systems. One must be cautiously optiviitic about solir heating since, if
r'

this=goal is met, the energy supplied by solar heating. would be on]y abdut .,
. ..

five per6ent of the national- energy used.

.__!

Table 1-2 isa summary of some future energy choices and their likely.
.

impact: It must be observed that our choi seems not ,to be "which
4. -..4. 11. .

w 0 resource should be developed "; but ratj QW Jiff we develoP all our"
, l.

. resources and encourage cons'ervation4 to .avoid serious energy rshortaies. '

.L..; .
. .

.

-- .. ..

, Table 1-3 contains "energy saving Suggestiohs iv elemeritary school .

.N.,; . .
.

--, etiildren.*.lreach of us exerts .a maximum effort, we may beableto'eome
. t .

c.

,

up with sugges't4ons at, least; as good ai thesior-,

y.

,

I

a

, Z

44 .
4 .

2% .)'S 1\
i.k 1 , e

II)

.

4

e.

.

.0
4vA.
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,
I ,4 .



o

o

4

I.

ti

;Present and Future Energy Sources

Eriergy Source Deyelopment Stitus and Prospects for Future Usqo
---

FOSSIL FUELS -

Petroleum .

. -

Natyral lai

Coal

HYDROELECTRIC.

-

SOkAR

,

NUCLEAR

'.Conventional
`Fission

. -

reactors
. .

Fast breeder
reactors

.

Fusion reactors
- .,'

'GEOjTHERtAL

s
,

-

WIND 2 '

. - ,

:

_
.

.

.
. . 4

Now widely used. Supplies limited - po'ssibly
.. exhausted in 0 - 40 years

Now widely used. Supplies limited - possibly
exhausted irt.10- 20 years

jlow.widely used. SoMe difficulty in extracting -

possibly exhausted in 300-500 years

Now in use. Numbj of sites for future develop-
ment is limited 31 _

0
Now in limited use. Needs further technolOgical

development. Practical it 'somewhat dependent
on geography, weather p terns, etc.

. .

Now in limited used 'Lo cost fuel supply
possibly exhausted in 3 ` 40 years. Waste

I'dispos.a) problems \
.

in late stages of development. Greatly
-extends potential fuel supply of fission
reactors. Waste disposal problems . '

Feasibility-still to be proven.. Fuel supply
virtually unlimited

Now in very limited use. Number of suitable
sites for `future development is limited

.Nowe very limited use. Needs further
te ological development. Number of suitable
sites f6r future developmerft is limited

.

. .

. .

4-3
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rable.1-3

Energy Saving Suggestions Elementary School Children)

1..-,Find out, if,oil has.another name 'besides petrolpm and
look.for il'under that name

2. Lower.people s body temperature to ,68.°F)
3. Dip everything that's matte in stuff that glows in the dark

4. Make it a rule that thin has to be at-least two people in
every big bed that 'uses an_=electric blanket

5. Put more hot sauce in the food

6.1 Don't have, many days of school

.

7. Don't stay.in more than one room at a time

4

-4,

I'

r_

S

,1"

O
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INTRODUCTION

The SblarErTei-gy Applicatio6 Laboratory at Colorado State University
=

in cooperation with the NWA,Reiearch:Foundatiort, Inc.., of Rockville,

Maryland, has developed two practical training courses for the design,

installation and operation of solar sysams,tO heatand cool residential.

buildings. One course is entitled DESIGNOF SYSTEMS and the second

course is SIZING, INSTALLATION, AND OPERATION OF SYSTEMS.

Over a period of one week, each course provides 44 hours of

instruction, including directed periods for computational practice,

- inspection'of working systems, and "hands-on" experience with models.

..The courses provide the trainees with practical methods for designing

tsolar systems and important principles which will lead to successful

installation and long-term operation of solar energy systems.

PURPOSE

The purpose of this module is to explain the objectives and outline

the events for the week-long course for Sizing, Installation, and Operation

of'Systems. The sequence of topics and the chronology of events are

discussed, as well as administrative matters pertaining to the conduct

of the course.

SCOPE

This course on Sizing, Installation and Operation'of solar syStems

concerns only residential solar systems. Primary emphasis is placed on

heating systems4Ocause those'solar systens are economica,in many

regions of the country. Sol,arcooling systems areanot extensively
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discussed, as they are not as yet economicallviable although they

are technically feasible. Integrated solar heating and cooling systems are
9

included in this manual as thy are practical areas-where solar

heating systems can be justified and the cooling components are added

to the solar heating system.

The systems-discussed in this manual are strictly for residential

413°
applications, although the basic Principles apply to any solar heating

and cooling system. When 'solar systeMs are designed for office, commer-

cial or industrial buildings, the users are advised that there may be

constraints and other considerations ttlat'maY necessitate changes in

system design characteristics and installation procedures from' those

discussed in this manual.

ORGANIZATIA OF THIS COURSE

The course organization, as shown in Figure 2-1, is arranged in

a progressive manner. The trainees will first be.-introduced to various

solar heating and cooling systems, via tours of houses equipped with

operational systems, and, then a general diAugion of the typesof

'currently practical solar syster6 is planned... Basic characteristics of

solar radiation are subsequently explained to establish a working basis

.stb

for the determination of available solar energy which can be utilized

by a solars4s5m. The varjous component's of solar heating and'cooling

systems and solar water heating system are then described, followed by

methods of integration primarily into new buildings, although the same

'methods apply to- existing buildings.

50
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1400
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1730

SUNDAY MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY

1

"'

MODULE 2 (45 min)

Course Orientation

OPEN DISCUSSION
(30 mfm)

OPEN DISCUSSION
(60 mfm)

OPEN DISCUSSION

"(30 min)

OPEN DISCUSSION
(30 min,

MODULE 3 (75 min)
Introduction to
Solar HAC Systems

MODULE 6 (90 min)
Thermal Storage

__
Subsystems

MODULE 10 (60 min)

Solar Heating and
Cooling Systems

MODULE 13 (90 min)

Heating Load Calcula-

Clans

MODULE 17 (90 min)
Cost Effectiveness of
Energy Conservation

COFFEE (30 min) COFFEE (30 min) COFFEE (30 min) COFFEE (30 min) COFFEE(30mim)

MODULE 4 (90 min)
Solar Radiation

MODULE 7 (90 min)
Service Hot Water

Systems '

N

MODULE 11 (45 min)
Control Subsystems

NODULE 14 (60 min)
Solar System Sizing

.

NODULE 18 (45 min)
Retrofit Considera-
tions

MODULE 12 (45 min)
Operations Labofatory

MODULE 15 (30 min)
System Economics

MODULE 19 (45 min)
Scheduling of Solar

Installations

.LUNCH (60 min) LUNCH (60 min)
f

LUNCH (60 min) LUNCH (60 min) LUNCH (60 min)

REGISTRATION

Solar House Tours

MODULE 4 cont (60 min)

Solar Radiation

MODULE 8 (120 min)
Solar. Heating Systems

MODULE12,cont(240min)
Operations Laboratory

.

MODULE 15 cont (30min)
System Economics

MODULE 20 (60 min)
Constraints and

Incentives

NODULE 5 (60 min)
Fluid-Heating Solar '

Collectors

MODULE 16 (90 min)
Solar System Sizing

Calculations

MODULE 21 (60 min)
Buyer's Guide

COFFEE (3Q min) COFFEE (30 min) COFFEE (30 min) COFFEE (30 min)

MODULE 5 cont (90 min)
Fluid-Heating Solar

Collectors

MODULE,8 cont (30 minj
Solar Aeating Systems

MODULE 16 cant (90 mint'
Solar System Sizing
Calculations

1.,

Final Discussion
and Critique (90 min)

MODULE 9-(60 min)
Solar Space Cooling
Systems

ADJOURN ADJOURN ADJOURN_ ADJOURN ADJOURN

RECEPTION AND DINNER

/4301.4,E 1 (30 min)
Energy Problem

.
.../).

.

AWARDS DINNER

MODULE 22
Future Prospects for

Solar MSC Systems

Figure 2-1. Course Schedule

or
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.Opportunity to review the instructional sessions is provided

each morninT, during which time the participants are encouraged to ask.

questions to'clarify problem areas. Wednesday afternoon is a'laboratory
. .

period to allow trainees togain some experipnce with operating sistems

andAo assemble air and liquid heating model solar systems. General check
. .

lists are provided to enable systematic checks of completed systems

so that problem areas can be identified. Participants will be allowed to

inspect the CSU solar houses thoroughly. The following full day, Thursday,

is devoted to the technical and economical sizing of solarsteils.

HeatiYig load calculations are included because the size and economical

cost decisions for a solar facility 'pare dependent upon the annual heating-_
load for the building. Other important considerations which.should be

.

assesse in regard to retrofit Installations, scheduling of work, component

, sizing and cool instrumentation are discussed on Frlday.

*Daily evaluations of each module are requested of each participant

ih this course. The evaluations will assist the instructors in assessing

material comprehension and conducting the course effectively.

SYNOPSIS OP COURSE CONTENT

V

TOUR OF SOLAR HOUSES
leo

A pre-course tour of solar houses in the local area.will provide the. r.

, trainees with the opportunity to see different styles_of homes and

pr'actical typ'es of solar systems. The solar system's are briefly. described

and performance of the systems,are.detailed when such,tnformation is

available. The duration of the tour is 3 hours.

.53
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The'tour is .concluded with an informal reception and bhpquet in which

.the instructors-and trainees are introduced. A discussion of the energy
I ,

problem Module 1) is xesented after the banquet.

MODULE i.- ENERGY PROBLEM -'

The - objective in this module is to bring into perspective the

1.
problem of meeting the projected energy demand .in the Unite21 States'

with knowntupplies of fossil fuels. The future availability of dfiergy

depends upon reduction of per capita use trough ef'fect'ive conseration

practices as well as increases in production of coal, 'oil, and conven-

tional- energy forms. Effective conservatiA necessarily entailkthe

development of alternative sources of energy quth.as solar, geothermal,

wind, and nuclear fusion. An effective balance between supplyfdnd deMand.

can be maintained if development of alternatiowe sources is actively

pursued. TheSUbstance of the presentation is included in this manual.

/ MODULE''2. COURSE ORIENTATION

This module is employed to explain the objectives and purpose of the

course and to outline the sequence of.events during the course. .411 the

modules in this course are briefly presented: While participants are

-
encouraged to ask qdestions during the rresentati4! ort of tbe modules, for ,

_ .

,

some modules it may be more effective. if questions are held until the 4

presentation has been,comPleted: The instructor will' indicate his pref-
.

erence in handling q 1tions.

54
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-- Thef-Oljectives ;or thercours.e re to develop capabilities in trainees
t% '

_ . ,

... -- . *4
to-'. .' . c

.

ChOoSe the tlpe olar 'heating. and/or cooling system sultabfe
.

. 0.*
-.. for the particUlar building and location;

-.... 0.. , -

..-.. ..,,,,, 2, electtthe size of the,solar system-that will provide an -c
. ?,

, A, %.,,,A, ,

4.k. ... . %

. .,
.

economical fraction of the ann al heating requiremen0; ,,--,i

3'. ' Ihstall /polar systems to operate effe tively over ii ra'n§% of
yip.

A
. r ;

1 49 : 41 ad °LcOnciti

a,

, /11-7
. ._ . .

4., *. I entify d' ties in operation'of systems and maintain
, -,44 , N. "

r
. , . fa, the systems,j'so 9C hat' they_ will operate a trouble-free as,.-

.
i:.

' ; POSS1Ple; .'

.t...-- h. " 1 ' 1 °

5. Explain the teshnical etailssof operation and economic value

of solar systems.:
I 4.1--.

,a.

... Daily:
,

eval
.

uations will be:made bye the. trainees regarding the material,
4 Y,4 . ,, ... I IP, ' ''

f , 't
organization, and.methods of preSeritati3nfor each module'. The evaluations
.

will assistthe. instructors to conduct an effective training'course.
,,

,.

Vir

t-.MODttLE: -' I NTRODUCT:I ON T,0 HEATING AND COOLING: SYSTEMS
,

.,.:The,purpose of- this .module is, todwcribe .the basicarrangements of'' .

.-. ,,

--t Omponents' for, solar heating .and cooling systems and to explain the
-.

... . e

I

. ,

, Rberatlog princfp,es of different systems The differences .between 7----,' 1.
4

4 -actife and passive systems and hydronic and air systems are,expiiineb.
_

. ,

. ')Prhe func,lion of controls and the interfacing requirements of thd different
,- .... -

controls

,
. , cjvip-Onent-s are detcrih d".

J... ,----.-,-

'Many graphics are
.,....- --..,

I

betweenTflatolitee and

and' air - heating and water-heating =solar sySteps.

sed in the text ato il1tistrate0 differences

ating colleetors, direct and di,ff se,

..
%.7

ntedtion

k.,""
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'1 ;', ' . .-
. .

of a hot water 6eaeing unit into a tp'acrheatk'ng and cooljny

systert"is

* -
.. . 'J. . .

p
,--

described. The strategy, at tie present stage in solar energy system / -
,' '. .

. development, is -to useoa mixof solar andconventional
i

energy. The,
.

,.. ...
rationale' for', this strategy is discusSe;din ttle'mOdule. .i.. - ,

,
, i,, -

.
r . .

. r d

\ / . a . . t, ., .
4.140DULE: 4. SOLAR RADIATION . \ ,A .

4 '

s nowled9e of the nature-of solar radiration4 its cistribution-jr1 timei A
lik , ...

and variability witiwather is of fundamental importance in the design
4

orsolar heatjng and c6 o 1 i1 n g systems. An:explanation for the decrease : ,:.

,,

i
. . . ,

.n solar radiation throug the' earth's atmosphere, as well as the ,
. '.. . .

°4 ;I

seasonal, monthly, daily and hourly-variations in the amount o f4 s -'&1' ar

t , 4101
measurement

. i
radiation available aregiven in this module. Two 'systems ..of measurement .- 1

.''.---"' ,r . .. ;-,

Units are presented,-Lith) factors for converging from one system to r.
, '.

',.1'

, 5 .

.. .onother, in order to fully utilize data sources which record s-o1-dr energy
. . ,

4%Z. . ,availability. Thedbassiciata are gi-ven Mn the' form ofradiation maps '
.

ir,,,.
- whicVare used' for sizing solar- systems in, later A 1 .' --

. ,
. . ,

. .
...

rN o,

MODULE 5. FLUID .HEATING,SOLAR C&LLECTOFS ,
, ..

. N . - ..

. ? . Aft
The solar c'ollector.is, the principr.compenent In a/solar system ,

.1. . .r
15, And this module describes desigr(ana Oerational characteristics:of the,

464 s .. ..-,, , .
presently available practical collecAors foir resid tial applications: 4

, . ' .. 4Delp ortsiderations which affect the collector erformariee are
. . ,

. dimensions of the collector, number of glasss covers,absorber plate .
?

-.. s
corrs tructi on', and absorber 'coatings'. They are 'also rel,a1Welettt efficiency- of '

,. Is '.
, ?

.
Solar heat recovery, operating temperature desired, average outdoor temper-

. ,

atuve and power uirements. The cost-effectiveness, qf a collector depends ort'
.

upon many f ctors, particularly durability;; and this module explains . ..,..

.preventive maintenance procedures. , . .
-.' ,

. ..
,,,

p
',,,

. , , .- *
"--J;

A., -4 5 B ,_. . .. :
.

. .

. alt.:
. .

I

9 :I
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,.

- IT) liquid-heating,collectors, the concern for corrosion of the.

-

absorber tubes, pipes and storage tank is certainly greater than for

,,..

, .
t

...- . Ac

air-heating col/ktoys,lrFreeze prOrectibn.by.the addition of, ethylene

g1yc61 ; toiling:protection within the system by the uSe ofj/ents,

'

erosion protedtion by removal bf particulates, and removal 'of free,ions

by use of ton getters are:discussed.

Graphical presentatiorit of collector efficibncles are made to compare
es

the performances Of different liquid co ctors but comparisA of

liquid and air - heating collectors must ma:Oe,on the basis'of system,
.

I a. ,..,

performance. Finally, considerationsifor a ssembl collector modules
A

.

V
o 1

tn-to an array are-presented.

MODULE 6. THERMAL sTORAGE'SUBSYSTEMS
0 4 S

,..., Poi- solar systems to,ovide-a mijor:Traction of the annualheating

requirements for a residential building thermal heat storage units
.

4
,

% . are needed to store excess energiocolle ring the day to provide

the bUilOng heatinb load during the night.' This module explains the
I

,

, =

different methods fdr sensible and-leten heat storage:: Latent. heat
*.

'storage, or phae-dfange.methods, are not 4etpracticaresidential

applications.. !.
4;/

Princ)plesfor selection of storage media, sizinghe stryage-on

the basis of collector area, SchediAling of unit'installaIion, and

operating strategy are-discuspsed, .Water stodge tanks are recoMi*nded
,

fo? liquid-heating solar sytdm,a'nd requirements for the structural

integrity of the tank are endmerated. Pebble-bed heat storage units

are recommended forfair-ah'eating solar systems,and container descriptions

. and installation and operation methods art, presented.
r
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MODULE 7. SERVICE HOT 1" EBOYSTEMS

A,solar hot Waier stser can be .used in domeStic service water

I

systems in many waysN There are two major types of solar waterheaters,

circulating and non-ctrcuiating,with_severat design variations of each

type. Circulating heaters are likely to be the mare widely used type
.

.

in the Limited State's due to freezing considerations." In its simplest

form, a solar water heater consists of a fiat-plate water-heating collector

!nd an insulated storage-tank positioned at: higher level than the

' collector. These .Corilptnents, dgnnectgd to t1ie foTdwater main and the

hot water service piping in the dwelling, can provide most of the hot

, .

water requirenients in a sunny climate.

Detailed aescriptions of many types of'Cil'ar water heaters are

given in the module, .coiled with schematic drawings for' installation.
as o

Procedures 'for sizing th,solar collectors are outlined and examples

are worked Although costs'at preSent are highly variable,

estimates for typical size Later heatets are presented.-

MODULE 8. SOLAR HEATIII( SYSTEMS,

.
--

Basic arrangdMents of liquid- and air-heating War ,,systems are

describedn detog for effective space heating with a solar stem.
AV . I 0..

. The di4ferent modes of solar'systm operation are explained as well 'a

the functiowof auxiliktrry heating units in.the systems. Both ltquid- and

air-heating collection systems are described as to materials,

components, and onstruction.

Domestichot water .heating

and liquid Collection loops and the interfacing methodology ispresented:

ems can be integratej into both air

.A.
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Integration of.heat pumpi ihto.a systet is explained.but there is

insufficient evidence as yet to determine whether heat 'pumps .s d be

used as auxiliary units in the syst4o.r be operated 4-solar

.

,assisted heating unit for ,the building.

"14*LE,g_ SOLAR SPACE COOLING SYSTEMS,

There is presently only one type of space cooling unit with Perfor-i

,...., mance data for residential bupdings and that is an absorption refriger-

I . ,

atton machine.' EvapbratiZ4 cooling, and radiatcve'cooling methods have
,

. .
. .

,

been explored- but neither use solar :energy,`, and are limited in applica-

tion to soecIfic regions of the country. . ..
. 4

- -..,

Of ma
. .

possible refrigeratio'n systems avaikble,,only abOrption

..,. ,

systems appear to be economically feasible in the near -tern1 and the,

lithium-bromide-water unit'iS currently the only commercially available

unit. Absorption refrigeration utilizing a lithium- bromide -water .cycle

.

A

employing a cooling tower is explained, as well as the operating paicipleS

fari.lithium-bromide absorption chillers. Heat pumps in both the heating ,

and cooling modes are dgcribed, as well as a.solar Rankine-cycle engine

which operates with solar-energy.
.

An evaporative cooler and afrietbylene glycol open=cycle desiccant

sylk which coolS afrby dehmldification.can be.integrated intoan air-

heating solar system. A.possible radiative cooling system is also discussed.

LE 10. SOLAR.NEATING AND COOLING SYSTEMS

. A space cooling system in.conjunction.with a liguickheatifig solar

.

. ,.
,,

heating system is described. 'The:cooling unit js a lithiumrbromide-
.

.
,

water absorptibn refrigeration machine and,requixes'additionAl
. . . . , 4 4

.2 ,

59

k.

-
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.
I s

components such as a cooling tower, chilled water; storage tankso pumps'

and.asSaiate piping, vaives:and controls.
4fr.

' For use irrarid on semi-arid regions of the cOntri-where evaporative

cooling may beemplOyed, an evaporator cooling unit added to an ai.r-

heating solar system is deseribed. The rock bed storage unit is used
,

'for cool storage,.
A

MODULE 11. SOLAR.SYSTEM CONTROLS

fIlle purpose of controls to a solar system is, to-maximize the use of

'solar Aergy in the heating and/or.cogling system. Solar sys.temCControls

are automatic so that, the occupant of abuilding need only be concerned,

with -setting a thermostat. The controls conist of relays, which switch

electric. vales and pumps in the liquid system or bloWers and dampers

- 2it
the air system, in respose to temperatures ortemperature

.
differences ecogniend4ions'are provided for thermOStat types and other'

temperature sensors'and-tocatiops.

The toRXol logic for a' hydronic system with temperature sensor
.

settings is reviewed as to the sequence of events in.both'the heating
. (

and cooling demand modes. The control logiC for an air'system with ari

0 ,

evaporative cooler and domestic hot water heatmg system is..also indicated.

To4ncorporate auxiliary heat control into 1:solarsystem,

blower must be actuated froM a.control'eenter-rWer th4rdire641*

the thermostat:,

MODULE 1 . OPERATIONS LABORATORY .
s

4 1 ,
e The-operations laboratory, scheduled for the midpoint in the course,

will provide the trainees with some hands -on experience' with models arid

operating} solar systems. Useful cheek list; are provikd'fo idAtify,ar'eas

. v . '

60

,
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where_problem may be occurring. Readings are given in sample check

lists and the rainees are to determine,if the sy*stpni is operating'

.

as desired. When readings indicate a malfunction withinthe system,
*

the trainees are to determine the source.of the problem and corrective

procedures.

MODULE: 13. HEATING LOAD CALCULATMNS ,

Althlugh determining the bupdind'heating load is a standard,

procedure in 44:H2AC industry; many procedures are simplified and
.

. . .

approximate, tiecauge,to 'size a furnace. more :detailed procedures are

not justified,. However, with solar systems, the approximate procedures

can lead to large system costs because heating lOads for buildingS are-
,

'4- generally overestimated.''F-ktbe purpose of sizing solar systems,more,
'10

detailed heating load calcdlations are recommended and the reward will be

an economical solar system.

MODULE 14. SOLARSYSTEM

. Solar systems are sized to provide a major: fraction of the
-

total annual heating load. A simple procedure based, on average conditions
A

for "typical" air and hydronic syqtems-is,preseled to calculate

'collector area From the collector area determined, the siies of other

components are established. 'Rules of thumb are given to guide the user

in sizing the` entire system from afigivecollectOr area.

Alternatively, the. fraction of annual heating load supplied by the
.

. ,,
solar system can be calculated for an arbitrarily, sized collector area.

The worksheets provided in the' module organize the calculations.

6
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MODULE 15. SYSTEM ECONOMICS Oft

The economics of solar)leatingNvstems depends upon the first cost.

of iystems, conventional'energy-costs, inflation rates, mortgage payments,

property tax, insurance, credits on income tax,4perating andmaintenance

.costs. A method of life cycle cost analtysis is described in the module

to compare solar with non-solar systems. When the cumulative saviRgs

with the so lar system is.posAve over the lifetime of the system, the

solar.system is econOmicallyviable. The largest cumulative savings

among various sized collector systems-is the one that:is optimum for they

. particular installation.

4N MODULE 16. ,SOLAR SYSTEM SIZING CALCULATIONS BY TRAINEES, -

The participants are rovided the'opportunity to size a c omplete

'system. Copsiderable freedom is given in choosing the example problem

for practice calculation, with ,encouragement given to choose a system

$ for the participant's have location% 40.

it

MODULE 17. 'COST EFFECTIVENESS°bF ENERGY CONSER4TION

IlfEnergy conservation is one of the first considerations, .in building
4 It

designs. Reduction of window area in aehoOsd consistent wit"sensible

natural lighting is an efi e tive energy conserving design. Ticker

f--
insulation in the walls and Leil ing, particularly foroiew buil idgt,is

a cost - effective energy conservation. measure. Storm windows ant doors,

or double-pane windows will help to reduce heat losses, and redo tion

of heat losses will result in a smaller overall system size, and lower

first cost.
. -

62
n
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'MODULE 18. RETROFIT CONSIDERATIONS
,

Retrofit installations of solar systems is a growing concern in
. 1r

areas where home heating costs, Using electricitypropane or fuel oils,

are becoming larger each year. The costs of retrofit installations are

in general larger than installAtions for new buildings because structural

support for the collectars,is an -added system cost. In homes"where,

electricity is used for heating and electricity cost is high, solar systemS,

should be considered. Whether a solar system is'conomically viable'

to installin an existi=ng house depends upon a,ereat many-factors, and

each installation will require careful physical and economic appraisal.

MODULE 19. SCHEDULING OF SOLAR INSTALLATIONS

The scheduling of sequential wnd concurrent activities An installing
0 1'

solar systems_in new buildings depends upon the type of system. Although
/

critical path methods (CPM) are not generally needed for single home

construction, a CPM is used to disddss the scheduling of both liquid

and air heating solar systems.

{MODULE 20. CONSTRAINTS I D INCENTIVES

In addition to general lack of understanding of the technical and

economic aspects of solar heating and cooling systems, which. is a serious

constraint to more wide- spread use of,solay systems, there are several

other constraints. Because of the newness in applying solar energy to
,

4

space heating and cooling, equipment manuf4t6rers are venturing slowly

411 into the industry. There is Tack of system performance standards' and

certification and generally lack of information on durability and

marketability.' These and other fact ors are-however rapidly changing.

63



2-15
0

.14

vk

Because there is ge-ngalslack of information, the financial

institutions are viewing the solar industry withaulsokci. TWE-are
v

however some governmental incentives being created in many states in

suppressing property taxes on solar systems, and providing credit on

income taxes. The federal gevernment,is accelerating efforts in

research and development of better systems and demonstrating many differ-

.

ent systems in all sectors of the country. The factors are highly

variable and changing rapidl so that the information in this module

will likely be outdated very q ickly.

MODULE-21. BUYER'S ,GUIDE

'

In order that intplliggit selettion of equipment can be made,

knowledge of standardsequipmeRt warranties, performance evaluation
.

data, building codes and their relation to soP4r equipment and related

topics is necessary. If evaluations nave been performed-, their results

,rieed.to be available to the supplier'and user. The kinds ot data required

fqr such appraisal must be understood. The advantages and disadvantages

of the main system types for a specific,application are particularly

important. Knowledge of the types ofhardware available, their cost, 4

f .
and compatibility with other/components in the system.is 'essential.

1,

In addition, their involvepient in building codes, and such items as

safety and durability'are additionsal guides for equipment evaluation

and selection.

\

MODULE FUTURE,*ROSPECTS FOR SOLAR HEATING AND COOLING SYSTEMS_

any new types of. equipment for solar heating and cooling systems

411010ow
are undergoing-researth, development and testing. Some are also being

-demorliraped. Collectors are the largest single cost item for solar
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Ofe ,

systems and much effort is being deiWed toevelop more efficient and

at :the same time le
I

mienSs expsive collect6rs. ng the many prospects;2
,- \ ,'

i

thre are.at least four different types'of\ Nevacuated tube collectors

t)that are being tested. Concentrating collec*s are also under

developmen

In addition tb collectors, heat storage units, particularly latent

heat storagenaterials, are being tested. A direct contact liq

to- liquid heat ex changer and storage unit as well as methods to enhance
A

temperature stratification -TRstorage are being researched.

Redesign of,heat pumps for heating using solar assistance has

beeQ initiated by at least One manufacturer, and solar cooling units

utilizing high temperature heat from improved collectors, as well as

absorber chillers using different fluids are undergoing-development.

Whether any or,all of the new solar components will become practical,

depends upon many factors Solar equipment installers should be aware,

of the development effort, and hopefully, much of the system developments

will be directed to practiCal applications.®

0

1

r.

4.
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, %.4410 INTRODUCTION . co

, %tit,
,,

. . -..iii .

The1- ,.purpose of this module is to identtfy the types .Qf so ar Tef ating
. '

. .
...--

,

.1 an d cooling systems that arg,avaNable and in current use;'"and tbriplain
.t

'

-w, the'basic "funetion of the systems and their tey components. Different
r ',

. ,
., ,

.

. .
, i e : ..

types q solar heating and /or cooling .systemS, such as, active and passtve

.

,. .

systems, and...air and 1 *id systems are explained. In 4ditton,, variation
..1.4

in control methods 'and% of .interfacing the elements °toe complete ,

..
..

. , ,

syStem are desc'ribe'd.

P

. i.

OBJECTIVE

4.

Ze
trainee should be able to:

which distinquish*aCliVe4and passive

at the end of this module,

1. RecogniZe the, features

solar, hetting;systelas, f
,..

.

4 2. Identify the princi 1, cha4-aZeristics of air - heating and

liquid - heating i 1 a heaOhg and cool ipg .systems ,

4 4- . . ,

. Identify and describe the bastc .fUnction° of key compdnentsi
.

AL
...

.

' ofiesolar heating and co oling syteff,
. .A

. ) J .".'t C

0 Describe the expected performiloce, of differeht types of
7111 : .

A

tr-

^ ''. solar stems, and

.. 5. -, Recognize advantages and 10Ipavanthes of different 'designs
.

of component and Systems. . -*,.

,

SOLAR H TINGINID COOLING.SYSTEMSk

c ,

f
, ,,,

,

0,k,5Aa A. heafi.pg and/or cooling sYsteth. can be defined as any system

.

which utilizes solar 'mew to'heat and/or cool
.

a building, alth6ugh a

distinctio n .is often made between "active" and "passive" systems. ',A passive'

9,

+o
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Po

na.tural tirculatiori

10 .

system can be defilied g no moxing parts, although it may involve

'd to the heated space.. A ,south.4acing-window

or a skylight whidh transmits sunlight can be considered a passive sys

tam if it admits moreAggrgy than it loses as heat: Another type of -
APP' ,11

passive system may involve movable insulation material whi h reduces
. ,

. heat lobs from solar absorber surfaces when there i
.

sunshi net In

contrast to a passive system, an active system
in4

yol Ves hardware to

collect solar ener6, store heat, and distribute the heat tothe rooms
,

'in A building.

Passive systems are not included in this course bec ause there is

14.

..
very little known about' the design and perfftmqnce of such systems. The

. 1 1

. .'''''''.
elphasis in -this course is on active solar systems which provide ,control-

led itflection'And distribution of solar Of Active systems can be
.

,

4 0

,.r. inteNated direttly into conventional HVAC,systems in buildings.

\
) go, ' -- 4

Ugure 3-1 is a schematic drawing of an active sour heating and
,,.

4
1 cooling Ayttem, representativei of those avatlfple today. The key eft-

s 6 * '; 4 ' 4

',,

.' ments area solar -collector, a h;Oltstorage unit, an auxiliary furnbCe, ' j

.
,

, 6
,

.

,

\
%a heat-transfer ci rcui t ( pumps-, blowers ,:etc .) N,method of delivering .

, ...5 .

IN to the house, and .a cooling machine for space cooling., fn. addition,
' 'many

solar systems include facilities for p'rovi'ding solar heat to their.,. .
. ..'

domestic hot water system., . A .

A I.,

..

1, Operatj,onally, 'the soiar,Coliectoi' intercepts solar ,r diation,
..,

. v . . - .

0,

convert's it-Io' heat and; utilizing some heat - transfer' f.1 uid transfer,s , q
4 # . ,

"? .. , . .,S :,, 4

the collected energy to a thermal Itytorage unit (,or in some cases,
. . .

directly _to the heating load). The'thermal storage unit is an 'essential. 0

p a

element,because it provides fog the use ofcl;Solar' generitM
v

heat to be

.

is
c.,

Oa

available
.

available d uring periods of low solar radigtion.and at.night. In geheral,
.

,

4

the solar collector, and thermal, Storage unit can operate independently of.

' 7'0
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.Fi,gure 3-1.. Schematic Drawing of a Solar Heating and Cooling

System

any heatiRg orcooltnd-requirement, and can be collecting and storing.

Isolar wiergy whenever the-re is sufficient incident solar radiation.

.

,,. An auxiTi7 ary

,

1:turnaceis required &s a ac up to the heating/cool=
..:.._ -

ing
,

system for periods of the year when'thepelar collector/thermal
.

,

'.'s'torage'subsystem is unable'o meet the heating /,fooling demands. While

. .
lik-

the solankcollector cc:10'g iSe sized large eno ugh to provide the full
.

.. --
,,, ..

.11eattng load throughout the Year, this is not _as economica) :ag''Iall auxiliary .

assisted %y-stem. It 4 s preferatfl,ell have an .auxiliary furnace or boiler '

.

',. .. t

1 .....

- . .

.

, ..
t .. 4

ca0ab1e of meeting the full heating/coolih9 demSnd, (at design conditions)
. , .

. .
,.

° and use Vhis auxiliary,during.perjods of high heating/cooling demands

, , .
. ,

': and low
s.

olaravalability.
p

40

;

. Heat delivery to.the-building can pe:aecomplished in.severel ways., .,
en, ,...

in an air,system the solar heated at. r can be taker/directly from 'either
.

, ..

- . 7.1.1.
. .. . I.

0'
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the solar "coilector or"the thermal storage unit and delivered to the

building V a blowee*ind duct distribution. In a liquid

tem a .liquid-te.kair heat exchanger` can be used to provide heat to,

a central .air distribution system, ar the liquid can be piped directly
.7.1.,

to the heated sAc'e; where 'separate fan coil' units can be used to heat
.ck .

) .

c-.
the building.

. 1 % A 4 . : '
.. number of di\fferefat methods cah ',be- used for cool ing. These in-

., '

;"

,

v elude absorption cooling -units (both 1 i um-bromide and ,arnmoriii-water

systems), Rankine cycle vapor - compression, and others. (However.,.dly

the lithium - bromide .absorption unit 14. commercially1viila4le4and it'
. i ". f. . -

has been used only in experimental installations) Alternatively, a
,,

. .. . , .

hear pump 'fliigh't 'be .util i zed as a conventional *tooting unit ,(powe. red by
I

,.electricity) .andouseeas the auxi.I iary. for the -sctliii), space heating
, , ...

.
,--

..- .- .

</- s'
.

system. : . ,

-. . ,,../ . , iipt . ,,

Figure 3- is a typical schematic drawing sho,wing th'e arrangemeriir...
, e( ,

. . ,
of components-. fqr

N

util izingsolar 'heat ,in a 'domestic hbt viSter 'system

(DHW). Solar energy from a colleetr Or a thermals storage unit i5 used r
: . if

to preheat the 4omestic hot water availdfile fr'om the cold water main'.
if - . ', .

, ....c.r... ,
As hot water is '1.4ed in .thv'builifing, the ,preheated water replaces the

..
-

. .

hot water'taken out of the auxiliary hot water tank. Conventional fuels
. . . . ..,

such, as .gas or-electricity are used to boost the temperature of the
v

preheated. water to the desired, temperature 140°F)., and/or to

maintain. the temperature of the water remaining Fin the auxri iary tank
-

at th'e desired temperature. Du'ring the summer a solar. thermal storage

uni t "proy,icledas pit of the heating and'cool in,g system can normally

nieetone'huhdred percent of the dontestic hot water laad,.
c' ds.,---) , i

In ad iti on to the components of conventional, heating, and/or cooling
, : 4

systems normally required to meet the htting and cbcilin,6 loads, a solar-

..

. , .- , . t - ..* -

:, , ... 4.

."

.

0
0
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FROM COLD
YrATEg MAIN

AUTOMATIC
SHUT-OFF

'VALVE

CD

0

. STORAGE ....PREHEAT
'DHW Papp ptiw PUMP

DHW
PREHEAT

TANK
1 1

. ,

4

1

1

MIXING
TO DHW

LVE --DASTRIB IOW
AND LOAD

AUXILIARY
HOT WATER

TANK

l

AUXILIARY ENERGY
INPUT TO DHW

Figure 3-2. Sche'mati,c Arrangemnt -bf'a DomesticNot-idater (ON),

Subsystem .
a

system requires the addition Of 'solar collectors, therfnal storage units,

,
, DHW preheat :tanks, some additional 'plumbing/sheet metal work, and more

extensi-ve 65-61:-rqtr--sySitgrns The em24 a 5 ,thi s course"-wil I be to pro-
.,

.

videkhe pletails of 'these additions to the cony ntibnal systems 'and 'the,
, .. ...,

interfaces between the solar subsystem and the. conventional HVAC componehts.
-..

.*
4 ? . . .

Of the additi.onal solar components;` tp post 'i the solar, collec-*

.tor. 4,../.. , 4 , . :0 a
.0.

o .

" SOLAROLLECiORS,'`
: & mi

A

. ,
4".

A sblar collector is a device to convert i ident solar radiation to
, ,

. i
,.

useful energy, usually, ift the 2form.of heated air" or 1 tqui-d. , Figures
.. ...

4

3-3 .and 3-4 shoW examples of l iguid-type: and air-type solar collectors
4

used in solar he'ating and cooling ,systems.
'
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.
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Figure T-3. Solar Col.lectokpOematic (L-Ftruid)

COLLECTOR PANEL

4

°

DOUBLE-GLAZEb PANEL'
(TEMPERED GLASS)

AIR
CHA'NNEL

ABSORBER
PLA:U

0

MANIFOLD'.
AREA - .

. .- PANEL DIMENSIONS:'

L3'-0" W x d'-6" L x 7:25" H °-
) 4

NatE.IS.AIR FL.6141THFiU THE'
3.y^ CHANNELS BENEATH

THFIABSORBER PLATE

7
,

. r

Figure 3-4. Solar AC,- Ileat10 Collecro.r

INSU,LATION

.MANIFOLD
PUT (TYP. Or 6)

74:
a

r
7-,

.,
_xj ;

.

a

/**



' 3-7

/

, -
t .

.

Each collector consists of agebsorber plate (commOnlY a blackened
,

. .

metal surface) which absorbs the incident solar radiation and co nets .

gesolar energy to heat. The heat in the absorber plate istransferred
..

.. .

...

to arr:appropriate_'heat transfer fluid Wkich passes through the 'absorber.

plate and'deliversthe,heat to.another part of the system. In the-pro-
.

cess of collecting energy, the heated absorber plate will tend to lose

heat to,the surroundings. -The *solar collector components other'than the-
,

. b'S'orber.plate:aie therefore designed to reduce theselInt losses from

he collector.

Heat tray be lost from the absorber plate by radiation, conduction,

. .

and/or convection. Insulation beneath the absorberod the transparent
. 1

above reduce theheat loss from.all three methods. Glass covers,

, -\,,, It/

example, are'opaque to the the al' radiation emitted from the absorber--..

. ,

plate and also reduce convection losses due to air movement across the

absbrbir. The air space between the absorber plate and cover ftts to

reduce conduction looses between these two components.

,The,colleCtors in Figure 3-3 and 31,.4 are flat-plate solar collctors
1

.

and represent, commercially available typ4s. They are called flat-plate.
t , . .

ecor gacollectors tO distinguish them from concentrating collectors, which'ther
.

--.--

. 41;

solar c.cliation over a large aperture area\, and focuS the radiation ontoa
*

.

. i 4'. ,/ ,
s vmalleabsorber area. Two examples of concentrating solaecollectors of

.
..

...

the reflecting *e are shown
.

in Figure 3-5, arid a transmitting lens type,

is Shown in Module 22, Figpre 22-3. The purpose of a concentrating col-

P

?'
J .

jlect&14 isto obtajn fluid at -a *Oer temperature than possible in a
,--.

.6

flat-plate 'type, even thoughthe quantity of heat gained is nearly'the
; k /'

/I

k

,

same asforta to collector with the same apertdre area. .41,

.. A technical di Nvantolge of a concentrating solar, collector is that,
---:,

-.only ae'drect solar adiattpnlan be used.., Diffuse solar radiation,

14-

I

, 75,
.1 .
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resulting from reflections from the earth and sky, cannot be focused (see

Figure 3r6). In aildition,, the concentrating solar collector m st track_

the sun throughout the day for greatest effectiiteness. The e ense of
.

construction, 6peration, and maintenance of a _rotating, tracking "collector

is usually much too high for the use of this form of solar energy collec-

tor in solar he.iting and/or .cool ig systems.

pIRECT SOLAR -ADIFFUSE
RADIATION A SOLAR

RADIATION
.s

)
ABSORBER

"--7\

SOLAR
REFLECTOR

Figure 3-6. Direct and Diffuse Radiation on a SolarConcentrator

A rather distinCt type or flat-plate collector, described in \Module

22, comprises.'a glass tube -surrounding fl at cylindrical absorbing

SurfaQe. As shown in Figures 22-1 and 22 -2, a high vacuum inside, the

77 .-

11.
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tube minimizes heat losses from these collectors. There is no cdncen-

tration of radiation in this type, but delivery temperatures may be con-

siderably higher than usually obtained in typical flat collectors.

THERMAL STORAGE. UNITS

Because of variations' in Olar radiation and atmospheric temperature

'and the resulting non-correspondence between available solar heating and

heating load demand, some\ formaof energy, storage is required. This energy

storage requirement is most economically provided for by some form of

thermal storage, i.e., sage of heat for cool/ for heating and cooling

systems. The types .of thermal storage units which might be utilized are

quite extensive; but, because of simplicity, and economy, most commercial -

solar systems utilize either hot water sifrage for the liquid system or

pebble-bed storage for air systems.

It is technically possible to store heat in scrap metal, eutectic

Or.

salts, waxes, ceramic bricks, etc. Scrap metal or bricks store sensible

heat and could be used in place of a pebble-bed unit.' Generally, however,

rocks are the least expensive material. Chemical storage using several

.types of chemical compounds and waxes can store heat by using the latent

heat of phase changes between a solid and liquid, rather than sensible

heat storadb, sOch as raising the temperature of water. BecauSe the heat

required to melt a solid and subsequently delivered when the.molten

material reSolcdifies is considerably greater than the heat involved in

changing the temperature of an Tual mass Of water or rocks fifty,degrees

o4 so, a Phase-change heat storage unit can be much smaller than the

,

other types. However,"because of technical difficulties and economic

disddvantages, phase- change storage material-s are not,reedy for practical

73
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)6i

use in solar heating and cooling systems. For our purposes we Al) con-

centrate on hot water and pebble-bed:thermal .storage units.

OPERATING MODES AIR SYSTEMS

The collection and storage of solar-generated heat can be accom-'

plished in a variety of ways. An example of a solar heating system is

shown in Figure. 3-7 The components of this typical unit include: (1)

a fixed solar air-heating collector have a flat absorber and heat

exchanger plate; (2) a pebble-bed heat storage unit to and from which

heat is transferred by circulating air through the bed; (3) a control

unit which includes 'the sensors and control logic necessary to automati-

cally maintain comfort conditions at all times; (4) an air handling

BLOWER
COLD WATER

MAIN

DHW. DHW
PREHEAT AUXILIARY

PUMP-A' 1

AUXILIARY
FURNACE

TO BUILDING
, HEATING LOAD-

DAMPERS '''BLOWER

PLENUM

PEBBLE-BED
STORAGE

DAMPERS

TO DHW
LOAD-

""----7 RETURN AIR
FROM BUILDING

Figure 3-7. Solar Air. Heating System



Maw

:
V,

2 Is ' I.

module comkising automatic dampersfilters, and blower(s); (5)-e solar

hot water heater consisting of an air -to -water heat exchanger and a pre-
,

Storage tank connected to'an euxiliary hot water'heater; and(5)an

a uxiliary heating unit (usually a warm-air furnace) to provide one

hundred percent back-up space heating whenstorage temperatures are

insufficient to meet demapds or when the solar system is not operating,. -

In the air heating system the collector anorbs solar radiatioand
t

converts it to heated atr for space heating. Circulation is from the

solar system to the building in the same manner as in most modern warm

air heating systemS. Air is circulatedfrom one erid,of the collector to

the other, its temperature normally rising from 70. degrees to 130 to 150
*lb

degrees during the mid-part of the day. The building iS'heated directly

from the collector whenever heating is needed during sunny periods, as.

shown in Figure 3 -8. Cool air from the building is returnedtb the

collector for reheating.

The heat storage unit utilizes the heat exchange and. heat storage
1

characteristics of dry pebbles, the most practical storage medium for
. j

ft use with air heating collectors. --When heat \ not needed in the buiTdin),

solar heated air is routed through the storage uni,t.as in Figure 3-.9,

thereby heat g the pebbles; the cool air, usually at 709F, returns to the

, collector for reheating. Temperature strafication in the 'storage unit..

%assures maximumheat recovery from the solar air co.11ectors, n.the

evening and night-time.hotirs, heats delivered to the rooms by. cirdIrlat-

ing air from the building through ,the pebble--bed6, as in Figure 3-10.

Because of temperaiure stratification in the storage unit, this, mode

provides heat to the rooms at the highest available'teillnerature. The

system automatically orduites auiliary heating from fuel or-electricity IP

when solar heat is not available from kithr-the collect-r or,stor4e.-
-0
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BLOWER

COLD WATER
MAIN ,

DHW
PREHEAT

PUMP-Olt_
AUXILIARY

...FURNACE

DHW
AUXILIARY

TO BUILDING
------HEATING LOAD.

DAMPERS BLOWER

DAMPERS
RETURN AIR
FR OM BUILDING

Figure 3%-.10.. Heating from Storage
44: .

Domestk hoti.water can be made available by inserting a hot water

...J

....

TO DHW
LOAD*

neat e xchanger in-the hot air dutt from the collectou (figure 3-11).

Thus "solatr, energy, can provide preheatedattater whenever th6 collector

is
A

invpperation..

i a
At the, present time, no cooling muipment is commeri-ially available

for operation by means of solar heated air.

OPERATING MODES - LIQUID SYStEMS

The connection between the solar collector and the thermal storage

unit' may be more.Comblicated in a liqUidsystem than in an- air system.

The compl ication rs due to factor-, such,as corrosion, freezing, and the

1 o

82
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BLOWER

COLD- WATER
MAIN

, 09.
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o

DHW
AUXILIARY

PLENUM
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p

a

e,

Figure 3-01. Solar Heati;rig of DOmestic Hot,Wdter .
I

. . *-4. ., . , .*,. .use of different fluids in\ different Mops.- In nearly all prdctical.. .
.Alf

, 1 iciiii-o sytemi.. heat, is stored as hot water' in a well -i-nsulated_ tank.
.

I . ss
If water is ised inothe solar cb.11ectbrs'in- a cold -climate, some

,, 1

freeze protection "method Test be used.-, Itte most direct method is to-., ,) V 0
. ..

''. allow the collector to drain into the storage tank whenever the-pump turns. ". .

r

-.K.
. offd One.,versionof thi's> method is shown in Figurer 3- 12,'where water i,S.-r.

. *F. . ,
- 41*..

the stolge medium as:well. When the solar intensity is. sUfficieiit for
A:4

,-- .

heat collection,, a pump circulates water through the collectors' and the
. ... .

, . k, ".. c ' . '
. ,

thermal storage knit, ,-Wen the pump shr.s off; the water In the col'ilector. 4
N , . l

4

tk.rai net nur the Storage' ta'nk. A vent is pro-videdat the top of- the col- "

lector so thgt air can enter be 'collector tubes as water drains out.;'-*,).,,

.., ,, .

. ,
, .;

I e 7 1, '.. ' ,..

, . .
.

o

. !

7 .

9 83
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'A

OUTLET
MANIFOLD

Vent INTERNAL OR-EXTERNAL
. TO COLLECTOR ARRAY)

FLOW

Figure 3 -12. Solar Collector Subsystem SChematid
Liquid System)

I

,

Fi(gdre 3-13.shows an alternate method wherein ethylene'glycol (anti--

freeze) is used with water in' the collectOrloopl To avoid the cost 9f

a large quantity of'glycol. in the storage liquid
%

.(approxiiiiately 250
i . . .

gallons or more ae,antifreeze), a heat exchanger is inserted- between the

collector and storage tank: An additional pump,is usually reqUired,
A

depending-.on the location and type of heat exchange
,

%

cc,

I- The advantage of-this desygn is that there is no risk.fif freezing..

(and damage) fronr impkOper,collectordrainingor ven -Inv nor from

corrosion caused'by the alternating exposure of the col tubes. to

,

water ,and air. The pOssibili corrpSion. and freezing (in ure 3-12)
. -

-' -* can th4S be Compared Kith the cost pe alty of the exchanger, pump,,,4nd4 A ....W .4 ., , c
. ., ., .

additi&rial pipingifor design in igure 3-i3.
re

1 ' A more significant factorAs the "driving tetnperatureb across the
,

.

'heat exchanger. ,Typically thecotlectbr,fluid Operates 10 to egrees

a k

. , .. '
...-. et,

.

, ' .

A
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COLLECTOR
PUMP

HEAT EXCHANGER
PUMP

`Fligure 3-13. CollecfOr Loop With Beat Exchanger

. hotter, than storage. This 4ligher temperature results in a decrease in

, collector efficiAcy. 'These factors will be discussed,in more detail in

the seceion'on soiar'collectors.
6

.

,10.%

Another important consideration involving the system in Figure :3 -13

is the effect of a power failure.' Inthi4 event, circulation ceases and,
MW

usually4n a. few minutes, the collector fluid begins to boil. A pressure

relief mechanism should always be included in. the system so_thaf
. h

pressure will not occur and the steam tan escape. The
problka

o'ccurs

when the poKer. 4turns and there is -insufficient fluid in the collector

lOopto prime the, pump tpdAchieve Figure,,3-14 is designed

to'partia'lly allAate this problem by providing make=up water (either

from a tank ordirectly from the water supply), but loss ofmtifreez?
. , 0 .

,, imay requre manual. addition,
///. .

. .

.'.

.. .

.,

ir
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7 . '41.

'the° 5ame as in any other cbnimercial heating /cooking s stem., Inl'hydronic"
.. -

'types; -watei. can -be piped-from storage to foils imbeddiitd in floors or

gr3 =18'r

VENT

0
I

y

171%

MAKEUP
.0 WATER

o FLOW

t o

,

- HEAT
EXCHANGER

COLLECTOR
PUMP

SOLAR
'THERMA'L

STORAGE

HEAT EXCHANGER
PUMP

Figure 3;14. Collector Loop with Make-Up Water Supply

3 ,
itt ,

SPACE''HEATING AND DOLING - biSfRIBUTION

0

Distisibution of solar heated and cooled air in a building can be

1

,

Ceilings, (radiant heating) or to "4-adiatosn- or fefi -coil units, in
d.o ) . .

.1

individOal road'. The operati' ng'temperature requirements of basebbard
t .

,
. .

,

shot 1.4ater heating are usually' too high, for use with 4 solar system, unless
q.,'r ./

, ) lk.
dual baseboard circuits re. provided one ;for thel solar heated.water'and

P
one.fdr conventional heaing. 'But most sblar heating systems employ >

, .

cglithl forced air distribution. Clot water fro the solar storage tank

sic 0
is piped to a heating coil (Figure 3-15) ih which circulating-air picks

.
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I,

HEATING

COI
AIR FLOW

AU MATIC
VA

.

SOLAR
f

THERMAL-
STORAGE

UNIT

Figure 3-15, .Solar Heat to Distribution. System

up the heat for del ivery to the ,rooms. 'Foy' cooling; h water from the

solar, storage tan can 'be piped to an air condi tVokestehe're it provides
, ...-,

. . . the energy to 'operate a 1 ithi_um bromide .aGsdrption Cool iNg unit. An::
4).

skp

evaporator-coil in, the air ,duct cools and dehumidifies the circO.lating

air., ,

.. , .\.
Besides heating- and:Cool ing the

-. .
, -

pro e rhost .of the hotstic 'Atdome eds (Fi.g ure 3-2). Water from

a cold water maim enters the preheat tank from.which it is circulate&

house, solar energy may be used to

through a heat exchanger, where it is heated by hot ,water :from the solar_
, P

'storage tank. When ,a hot water fauct :is,. opened, water fronr the preheat

tank enters a -conventional, gas or, electric hot wa ter)ieater where the
. .

water temptrature cart be inCreased (if. netik,cied) before 'pas-sing to the

40-

distribution -piping.

I

( 4 .

ti

AUXILIFRY UNITS

.
.

' -During cloudy Veriods and in4edwinter, the solar system may not be
, 4 ,

able ,to,meet all of the heating or 'cool ins, need's of the building. With a :.--,
1., .

t..= .4 87 .-
. -410 .

. A "... '4

-__
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1 iqUid system, a conventional
4

part Or all of the heating dr

If the temperature in the

(e.g., 100°F for heating

matically supplies hot

unit.
/

A warm air furn

3-20
t

t water boiler may be pro-vide /to, supply

ool ing requirements during ese periodS.

so ars storage tank drbPsbelow e preset point
k

°F4: for cool ing), the auxiliary Oiler auto-
,4 I /

water to the heating coil s -or the Or conditioning

may, bet used f supplying auxi/.llary heat (not
. .

usable for cool ing).., if the building .is provided with a warm it heating
-o

system. This form of auxiliary heat is..nearly al wl's used .4vith air
'

* - ,
: ..

collectors and pebble storage: an'd -i,s ofterrthe oice when 1 iquid
r -

collectors, and 1 iquid-to-air heat exchanges 'a employed. Ttle furnace
_/ - , , .

y alSb be replaced by an, air-to-air ,heat4ump in air 'systems.

`irt: a -solar heating anzl cooling system, the auxiliary uqi supplies,

energy for both the',4eating and cooling functions.
,..and operates as a

A repl acemerft'r; f solar heat isr unavailable' ''(either from the collector .

,14

6,

or from storage); the 'auxil jar/ del ivers -heat- for the entire, load.

Hea,ting or cool irig is kcompl i shed. ei ther' with solar or auxiliary energy

(Figure- 3-4 6-a). An alternative .is to use the auxi 1 iary to "boost" the

0

temperatlre of the solar heatgd fl uid fair or water) as in Eigtre 3-16-b.

dir'engeme'nttis for' an
' .

be used n ki water 1,6op.

, ., .... .

i 4i stributtbn tysterii,-but should not .
i. °- ve ,

.50 AR:
HggAT

. AUTOMATIC
VALVE/D.AMPeR

4

( STORAGE
OR -

;COLLECTOR)

ApxieliRy`
FURNACE

, Figure: -16 -a Typicel 'Liqu

TO HEATING-/ '
. -COO_ING WAD

ENERGY INPUT-
.( GAS, LECTF1,1:CITy, etc.)

REt-URN

PUMP. l
d System Us, e, of dlux.i 1 iary
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-SOLAR'
HEAT

(STORAGE
'OR

COLLECTOR)
,

41E -

4 4,. .

-ENERGY INPUT
C GAS, ELECTRICITY, efc)

. .

AUXILIARY

FURNACE

OPT IDNAL
BY PASS

e

TO HEATING

COO LING, LOAD

4-- ,RETURN,

AUTOMATIC BLOWER
VALVE / DAMPER

figure; 3- 1b -b" Typical Ai-r System Use of' Auxiliary.
.

o AUTO ;MOB
,

.

. , .

Tc. control the temperature in a conventionally heated home; the
\

.

homwner needs only to set,the thermostat. The same'is true fir a well
..

. :
- osano ....--..-,

deSigned solar heating and/or/coolin'g system. Howevet, the controls for
,. ,

)

solar heating and cooling are necessarily'm complex than in'a coaven
... ,

.

tional system, because they must control collector and%stbragepumpsor
'

a . ,
-' - 0 .

11..

blowers and automatic valves or dampers. in. addition to the usual
v ,' - . . ..

- 'An example of a solar'controcsCheMatic for domestic Watev.
. ,

--t---
4

p Shown in,figure 3-17. ' - ,
,

-..,

functions.
.

systewis

The 'differential thermostat sense -the Clifferencejin temperature btl
.

.

collectoroutlet and the storage tank, When this difference is.more than ,

.0 .. . ..:,

: a few degrees; the.circulating puMp is operated. Thelifigh set-thermostat
, .

. .

piveilt too hilh'a temperature in the-prehat tank by interrupting power

to tbe colTector pump. A .pressurd rellef valveprofTits the systeM from

.

exCessive-pressure, which,might ot,herWiSe de ielop if There is no corcula-
.

tion through the collector during sunny period
,

'w6

.
O Arl
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CONTROL
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Figure '3-17. Typical Solar Hot Water Control System - Of. :....,__

. s , , . -ii
$

. s . .
.. , .

Numerous controllers for'`sol a r s-pa- ce beating. syit,ems are, COillinri i al 1 y
. , 4. ,

ay.ai 1 abl e) and many ,varietie's
.

of control circuits and methods are being

.. . . . . .

used. Destgn of control syterns requires direc/ tions from the manCfSctilrers.

. , .
of the, cnontrol omponents and experience -ire their, proper intdgrati,oh and

, . 4
F.

adjustment.

.1 .
.

e
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- GLOSSARY OF TERMS

. beam radiation' See "direct,radiation','

Btu.
British Thermal Unit - the heat required tell.

,rase one oupnd of waters one degree Fatiren_hqft

0

calorie The .heat required toilise.one,gram of wl'tg

one degree-Centigrade "
,

4

diffuse radiation Radiation that has been scattered in paSsing

through the atmosphere

direct radiation Radiation that has'not been\catiered- in

passingthrough/the atmOsphere,

Infi'ared light tight of low energy. abbreViated "IR" -9

Insolation

latitude

northern hemisphere

ozone layer

ultraviolet light

visible light

a

,The.solar radiation that reaches earth

The distance,' measured in 'degrees, north ana

south from the .e4pator .

The half of ihe Earth north of the equator

A layer in the upper atmosphere comprised

primarily of the gas ozone (03)

,

Light of high energy, abbreviated 'UV"
4

Light of intermediate energy

,

1
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INTRODUCTION

4

I
C.

4

SO-lat. energy starts, of course, with:the sun: ckhe sun is a huge -
4

nuclear fusion reactor located at an average diStance of 93 million

Miles from earth. It haS'a surface temperatur4 of about 10,800°F,J.and
. .

.

gtve's off energy pntinTimisly iiPthe form of radiation.. The Use of the .

. _ ,
, .- A.

. I
.

.
,

energy which reaches earth for'heating and cooling Is what this _nurse .
,

,

. 'is all l about. --;In this module you wil14learfi about the Waythe energy

giveAr6blitpe s'un is altered before it.reaehes theeerth and the
_

. ...

amount of energy that reaches earth..;

,

t OBJECTIVE i,

The objeCtive of the trainee will be lo recognize the factors

Which affect the availability of4tolar ratdiation 'at the earth's surfac

At the.end of.this_module the trainee should be able to:
J'

A

z

- 1..

2.

'3.-

4.

5.

*".

7.

8:-.
.

9.

.

Recognize the effe$ on energy reaching a-collector due

to clouds, dust-and atmospheric pollutants, shading

(trees, buildings, etc.), collect4 orientation,, and

collector tilt.

Differnti4e between beam and diffuse radiatiqg

Recognize-thikarious units used to measure solarlenerw%

t Given conversion factdhs,'convert solar radiatioh',fr

one set df uaits to another,

Recogrlize the iliagnttude of solar radiation available 3'. A

Describe sea'scinal Niations in solar radation,.. ,i!'

Describe daily 'variations in solar radiation f

Locate sourCes, Of solar data
.. ,....7

1 .
.

Select they data needed planning 'a solar :system.
0 .

%

ti

.

I

,_,

,

9 6/
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SOLAR R6IATION

0
. ,UNITS

The intensity of solar energy isound expressed in several different

Q.

-

'units. /Di this course only one unit will be. used, Btu /ft2. However, you
. .

1 2

may often find other units When looking. for solar data, so it is worthwhile *

to learn to-recognize these units and to Ile able to convert from one unit

' td.another. Units Commonly found are listed:in Table 4-1.

1'
.1

1 -Table 4-1

Energy Units

-Abbreviation .
. Unit

.

Energy density

Bttaft
2

KJ /m2

Langley (cal/cm2)

.

,
s

s

. .

perk,BrAitish
,
Thermal Ibits square foot

in,

Kilojoules Ter square meter

- calories per square centimeter.

,..

.

'Power

Btu/ft2hr
-

kWm2hr

Langley/min

.
..

W /rfi2

.

-
' t .

British Thermal Units per squaee foot
per hour

Kilojoules per square meter per hour
" , ,- '

calories per square centimeter per
minute

Watts per square meter

. .

,

Table 4,-2 gives .conversion factors from one se; of units to another.
.

An example Will show the use of this tabl'e. The Climatic Atlas of the

United States lists th? annual average daily solar radiation for Boulder,

Colorado as 367 l'_ngleys'per day. To convert this to Btu/ft
2

, multiply

by theconvehion factor from Table-4-2 for Langleys to'Btu/ft
2

, 3.69:

367 X 3.69 is 1354

(Langleys/day) a
, (Btu /ft l day)

9:7

I

6
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Table-42

Energy Conversion Factors

To Convert into Btu/ft2
,.

To Convert into
t

BtU/ftL.hr

Multiply By Multiply. , By

Langleys 3.69 Langleys/min 221

KJ/m2 : .688 KJ/m2hr .088 ,

, . Wim2 .316

4.

SOLAR INTENSITY

The intensity of the sun's energy output varies with distance from the

sun. At the average earth -sun distance, the intensity of'solar energy has .

been determined to be.1.940 Langleys/min, or. 428 Btugt2.hr with a.variabil ity

of about three percent. the value of 428 Btuift2hr is called the "solar

constant". Due.to the earth's elliptical orbit around the sun, the distance

from the earth to the sun changes during the year so that the energy reaching

the outer atmosphere of the earth varies from 410 to 440 Btu/ft2hr." While

o
there il some variability' in the 'amount of solar energy that reaches the

outer atmosphere around earth, there are very large variations in the amount

of solar,energy available at a particular location on the earths surface.

The surface radiation is what is'of interest to us, ind.the radiation inten-
.

sity will vary pritiderably with latitude, season of the year, and local

weather'conditions.

t.

THE SOLAR SPECTRUM

The radiation from the sun can be separated into three major energy

regions, The high frequency energy in the radfatton.spectrum is labeled

"ultraviolet" or "UV" and is detected by the human body in terms of its

effect - primarily sunburn'. The.mediurt frequency energy radiation ba nd

a.
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in the solat
4spectrum is the visible band. The low frequency radiation

t.

band is the "infrared" or'''IR" region. The 4reatest concentration of solar

energy is in-the visible band, and,solaecollectors must be designed to

intercept this portion of the solar spectruM.

ENERGY REACHING EARTH,

The energy reaching earth is reducqd from the "outer space" intensity.
=c,

There are a number of prcitesses that ocOr in the atmosphere that cause

.this reduction. iome of the energy is.reflected back into outer space by

the 'top of the atmAthere, much as light is reflected from a mirror.

more is, reflected from the tops of clouds, As much as 30 percent of the

incoming radiation is reflected in this manner. A portion of the radiation

is absorbed by checmical compounds in the atmdsphere. The ozone layer

absorbs much of the ultraviolet, and carbon dioxide, oxygen,

and water vapor also absorb radiation, Some of the radiation is scattered

/

by,dustand clouds. The various processes serving to reduce the solar ,/

energy teaching the earth are illustrated in Nigure 4-1.

aldiudS
(Scattering and

Absorption)

Dust
(scottefIng)

Dttfuse Radiation pirect Radiation

Figure 4=1., Atmospheric Effect on Solar Radiation Reaching

Earth

90
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Radiation is classified as "direct radiation" if it has not been

scattered on paising through the, atmosphere, and "diffuse radiation" if

it has been scattered. On a "clear" day most of the energy reaches earth

as direct radiation, but on ,a cloudy overcast day, a large portion or all

of it may be diffuse.

Monthly Variations

Solar energy on a horizontal surface at any location on earth, if

averaged over a month, shows a month-to-month variation. This is due both

to seasonal Gh4nges in weather, which affect the, cloud cover, and the

,changing angular relationship between the sun and the surface. In the

winter the sun is lower in the sky than in the summer, and the resultant,

larger angle between the sun and a horizontal surface reduces the amount
,

.of radiation intercepted by the surface, as shown- in Figure 4-2. Figure,

A-2-a shows the energy intercepted by a unit width horizontal surface when
411P

the sun is at a -low angle. In Figure 4-2-b, the sun is shown at a higher

angle and a larger amount of enemy is intekepted.,

SOLAR RADIATION

12 "UNITS':

SOLAR RADIATION
12 "UNITY.'

4

Figure 4-2. Erf8rgy Intercepted by a Ont-Width 'HorizontalAurface'

A

(a) LOW SUN ANGLE, WINTER

4 "RADIATION UNITS" INTERCEPTED

(b) HIGH SUN ANGLE,

SUMMER

. 6 "RADIATION
UNITS" INTERCEPTED

J.

.

A
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The monthly variation in solar radiation incident on a horizontal
-

surface is shown in Figu're 4-3 for Boulder, Colorado, in Btu/ft
2
-day.

200

100

-,.... ,

t .

.
a

.
,...'

. .

a
.

.

. t,

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure'4
.

-Monthly-Variation of Average Daily Radiation a Horizontal

Surface, Boulder, Colorado (From the Climatic Atlas of the

United States)

I

The monthly variations in energy on a horizontal surface are showA,

in Table 4-3 for selected cities in the'United States.

.
Table

Monthly Variations in Energy on a Horizontal Surface
Selected Cities, (U.S.) (Btu/ft2daY)

' City 'December March JUne September

-Chicago, Illinois 280 835 1685 1152

Tucson, Arizona 1122 1987 572 2098

Washington, D.C. tll .1.366 1818 1.380

Miami, Florida 1163 10800 1958 1619 i'4

.Fairbanks, Alaska , 22 784 1855
,

/62
,

.

Los.,Angeles, California i87 1730 2193 ,' 1851.

101



Daily, Variations

1

'4-7

The radiation reaching a horizontal surface vOes from day to day,f
mostly due to atmospheric phenomena. Clouds, dust, and pollution can

result in changes in the radiatibn received. Daily variations affect

the performance of a solar system but the system can be designed on the

basis of average conditions: For a heating system design, the average

daily value for .the coldest month (usually January) is Of particular,

interest.

ft

Hourly Variations"

Hourly variations in available solar energy at a given location

are due to the earth's rotation. Early morning sun is at a very low

. angle and. the solar rays must pass through a large' thickness of atmo-

sphere. The intensity of the ohergy received is therefore low. The

hourly peak in radiation occurs at noon, when the sun is at the highest

angle and is passing through the minimufthicknessiof the atmosphere.

,

'inc e winter-grys are shorter than summer days, th6period during which

solar energy can be collected varies with season.

The,solar intensity on a horizontal surface, measured in 'Fort

Collins, Colorado is shown in Figure'4-4. The smooth curves indicate

that these data were obtained on clear days. The presence of clouds

would result in breaks'in the curves. Note the higher inten9ity and.

longer period.of measurable radiation during a summer month as opposed

to a winter month:.

10-2 r
.4

°
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"/7541 FM
' ril 42Z6/75 111asso

1/19/75 litA
1

6 7 8 9 10 II 12 1 2 3 .4 5 6
Time of Day

Figure 4-4. Hourly Record of Clear Day Radiation on a Horizontal

Surface at Fort Collins, Colorado (Data from Solar

House Ili 4

COLLECTOR TILT'

Discussion so far has concerned only the radiation on a horizontal

surface. In fact, when designing a solar collector, it i,s advantageous

to tilt the colleCtor so thatit.is perpendicular to the sun's ray..

Figure 4-5 illustrates the increase in energy intercepted when a collector

is thted from the horizontil,' Note that the optimum tilt angle .places

the collector at the same angle as the, incoming radiation, FiguPe 4;15(b).

When, the collector is 1:ilted to an angle, greater or smaller that( the angle

of the incoming radiatiOn the additional energy intercepted'is reduced,-

Figure 4-5(c).

ntercept6d if the collector were to

s woUld'meaLboth following the sun as.

the dak)and changing the collector tilt

lectors are ovailable, but are not as
. .

The maximum energy would. be i

track the sun across the s'ky. Thi

it moved from east to west during
t

to.match the season. Tracking,col

yet practical.for use in residential solar heating systems.

'.103
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(a) Collector Tilt ,Angle 0°

4.-94

(b) Collector Tilt Angle 45°T; It (c) Collector Tilt Angle 759

Radiation Intercepted by a Horizontal Collector

Additional Radiation Intercepted by Tilting Colleetor

,Figure 4-5. Effect of Tilting the Collector on Ener.gy Intercepted
. ,

.A compromise is to tilt the.collector so that it is.,,roughly,perpen-

dicular to the sun's rays at the Om that Maximum collection is desired.

1The best angle for a given location epends on the time of year, since .

the sun moves across the sky at a
)
lower angle in the wivter than i n the

summer. For heating purposes, maximum collection is desired during the

coldest part of the heating season. During this season, from about

October until March, the sun's angle varies from 5 degrees to 23 degrees

below a line drawn at an angle from the perpendicular equal to the latitude
e

. -

of the location (Figure 4-6-a). To maximize collectiOn during the heating

%

season a good,compromise is to tilt the collector at an angle of about

latitude plus 15 degrdes. In Fort Collins; latitUde,40 degreeS, the

_collector should be tilted at about 55 degrees for maximum collection

during, the heating season. This is illustrated in Figure A-6-b,

,

4
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t

IS

t June 21
September 21
March

4-10

Decemb'er421

'23°

1\,

,

a
September LI
March 21

December 21

Collector

1(a) December 21, Sun 23° below Lat. Angle from Perpendicular

JUne 21, Sun 23°aboveLat.Angle from Perpendicular'

September 21 and Mcirch 21, Sun at Lat. Ang e from

l'rpendicular

Figure 4 -6.. (a) Variation of the
_ with Season

(b) Coltecte -fined at Latitude
+15° Maximizei Winter
Collection. -,

ngle of Incoming Radiatidn

(b) Collector Tilt to. aximize Winter Collection,

.0' in Fort Collins, C lorado (Latitude 40°N)

In the northern hemisphere, the collector should be tilted to. the

south; the opposite is true in the southern' hemisphere. To maximize

.summer collection the collector can be tilted,to latitude minus 15 degrees.

If both summer and winter collection are desired, a gol compromise is to

tilt the collector to an angle equal 'to the latitude.

\ 1
COLLgCTOR ORIOTAT,ION

Since the maximum intensity of direcra iation occurs at noon when
t $

the sun is due south (northern heaisphere),, he direction of tilt for a

/ /

collector should be directly south. If thi is impossible due, to build-

,

ing considerations, a variation of 15 deg es east or west ofAue south

can be tolerated without serious effect the total energy collected.

10

ti

I
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An orieAtation 15 degrees 'east of south will advance the time of peak
,==.0

collection one hour; an orientation 15,degrees west of south will delay

the peak, one hour. Insome cabes a.desigeer can take advantage of the

\ . --6.0 1

i

change in peak collectlin. . If, for example, the collection location is

partially shaded in the later akternoon., facing the collectors east. of

3 :i ' .

south woul ci
,
increase', tilt moi-di ng\ col lection.

N

i

'

Sun

(a) Equipment Set-up

0

(b) Resulto'nt bun -track Diagram
Magnetic North Shgwn

s*, .

r

. . . .
..

Figure 4-7. Shadow' Diagram on a Horizontal
.

Surface Showing/ the Passage

9f' the Sur, Acpdss,the Sky and Um. Dete,rminatiorn of Due

South, Hord) 23, 1976; Fort Coll ins, Colorado

, $

(

DETEkINATION OF DUE SOUTH

The effect of the passage of the sun across the sky during, the day is

shown inFigur 4-7. Such-a shadow diagram can be used to determine due

south for collector orientation, Aline joining the tips of the shadows

lies due east:west. By drawing-4 perpendicUrar to this line the 'north-

/ south line is determined. Note the deviation; of true north -from magnetic

north, as determined with a compass.

106
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4-12
4 4

, .
. e . . . r.

SOLAR DATA FOR SYSTEM DESIGN

. .

Solar heating and, cooling systems an be sized on the besis, of,
40

k

monthly average daily radiation on a.horizontal surface., Tabular values

are listed for each month in Table 4-4, for many cities i

States. The yearly,average daily radiation for the cities

.

he United
,

also included

'in the table. Because.the data fqx speeific locations are limited, and

estimates for adjacent areas are necessary, it is'convenient to,arrange a

'graphical presentation,of the distributions of the monthly average daily

radiation iso-tntensity lines on amap of the'dnited States, as shovA in ",

Figure's 4-8 through 4-19.- The values given in Table 4-4-and Figures 4-8'

,through 4-19 are in Langleys. For. later usein this cqutse, the.Map'of

Figure 4-8 hasbeen redrawn, for continental U.S., w4h units 9f Btu per
_

4g
square foot in Figure 4-20.

41.

4

4

to

A.

t`



6

C

STATE AND STAT,4095

,4 l'3AAPR PAY Sin J135 4120 j SEP 001 904 USC An,: 1

Annette
8,llrow .

63 11S'36 364 437' 434' 438 34T I 258,' l77 59 43,) 243'

32 38:) 38O 533 528 429 255 1S 41 276

ethe1 3") 19 792 484 457 858 376 252 202 115 27 233

3u:rbank't S 1 233 375 461 504 434 317 180 q2 26 6 224

25 780
PPen,a U' :9 526 633 724 739 653 6)3 566 44o 3 283 020

Tucson S SIC 55 629 I 699 676 588 570 442 356 905 518

ARr,345AS. Little Sock 7 353 523 569 566 618 439 '343 244 187 '795

CALIJOR24IA, O'aa:s, '1 7'' 340 522 694 682 612 493 '41 2225 I4, 433

'.702 6112 621 376 l6l 450

3ChiPa Lake) U'S 137 66,2 683 772 l9 772 729 635, 067 363 300 56__lnyOkern
LaJolla . 214 0129 707 057 487 497 464 389 320 777 221 320

LosAnqeles 4845 745 )'I 872 535 5'77 59654l '581 505' 373 289 244 863

Los Angeles ,aBT' 71' 77? 436 483 555 584 , 621 593 500 367 783 234 434i7367" 541 6230 6'rrT 18or"T') 270 4339lverslde '
dnta ikarla . 315 552 635 694 '540 613 528 432 '313 252 883

* Soa 0r,ng4' .77 Ii') 774 551 535 ' 621-4 760 683 510 351 244 382 459

r0tO84. Boulder - '5' .2')' 60 O , 525 520 4 '412 3i 222' 382 367

Grand function 3'4 434 546 676 708 678 58 514.JL3 26') 7l2_456
P.Lake (Gr001'Y TT'Z23 'ILl 5 400675 6i T34 3114 '4J

Dc . W4'sn:ngton (C,0 I

Anerican USluersity

'' 765 644 411 51 494' 536 446" 375 299 211 G66 356

160 773 322 398 45' 5)0 496 80,, 368 27') 92 41 333
Silver 4ill ' '7 214' '942 '1433 516 555 513 , 857 391 203 202 l5 357

FLORIDA, Apalachcola '2 3i7 .241 535 '6603 678: S'29 ' 511 ' 44 813 332 262 ' 834

TTfl121. -

Gainese'ile
T"'12 463 483' 44'4'8T 463J400 36'Tt

iS? 949 ' 517 '579 523 438 483 "438 37 300 738' 4

il,6. Airort 3 75 689 540 553 532 532 5'5 8
, ja4 '353 3l'6 4

lal laSassee. 23 '1 423 899 .94" 921 50'' 547 "2 I 770

?'i%l 274 .539 596 574. 534 , 894 452 , 40' 356 329 45.2

-2 3206IA.
Gr,5,8n , :s-s 3'.S 522 sb-1 577. 556 522, 435 '369 283 201 43)

M,O,dA3l.-0000lVlu ' 7129 ,,27 215;. 559 617 615 616. 6,32' 573, 5j7 426, 'S1 'l6

Sauna Loa 005 527' ''5 5217 689 '727 3' 703, 642 602 960 504' 481 3
PearL iabOr 75%. 15 3147 629 573 566 564 587 539 4.66' 386 343 886

112')' 'T7C") 3 586, '516 ' 'U' 1437iV 9o's
Tutu Falls '53 717 35S 462 552 597 602 530' 432 786 76, ,131 378

ILL 380)6. Chtca3o '7,'' 336 324 u854' 471'403 313 207' 120 26 273

Lernt '7 097' 422 553 940 404" ,599 275' 165 130 2

1001054.' Indianapol ç ''I ''6 '395 388 543 541 ' 490 293 '77 32'
'12'7;2 'ILTT)o4'536,'r'71Ty345377 380

(ANSI'. Oodqe cit, ."6.4;'7 529 562' 650 ' 642 532 493 180 285 234 44

panhattan ""
7u4' 5S 333 527 501 533 526 4,')' 79?, 227 155 ,371

'2SEMTI.fSO, Leu:c,qtor' 753 351 4,47 521 528 617 563 494' 357 245 174 41]

LOU 53394 Lake hales" 7: 'S 79' 4141 555 503 576 531 ' 549 402 '300 260' 41

Men Or cans ''
SUreueport , . .3; 7) 1114 846 559 507 570' 54 414 154 254 209 406

9319E. Caribour 237 '54 400 476 470 508 445 336' 212 111 , 336

2,prtland
_

'52 775 362 497 'd 539 561 3983 383.j 279, 57 l7 159

1'SS2C34'ISUTTS Sra,urs t''5''0
Pitap utill

331 51 -------- ' ..:. 52 ,,
o7 ll2"79 0"8"71'C,"5TZ 3491 354' 266' 12''j357'J5

Bocicn ,. :9 1- 767. 350 445 483 486,'4ll 334 735 t36 335 301

Car'brtdge 420 4j6' 442 p.64 3673 753 154 241 372

0ast dare'ss" ' D 210 l"6 '385 452 7508 495 '43' 365 2583 363 l4Q 372

T'7 3") 39' 45,4 589 528 432 383 24) 1.35 177 737

I 79 00T66 313 25T3O"Th4"i1i
301 439. LanO'vg

Sault .098 94rt , ' '75 415 53 557,573 472 322' 716, lOS 33

'4I'iNES3TA. St Cloud ' ".7 36 426 4 ' 535 957 486' 386 237 146' 124' 3412

MjS$011°4..CO3',,"US 10.0' 6
'4] 434 533 74. 57 522 853 322 225' 4-66' 380

Ontu.rT3ly Of,'900004rt
' ''6. 24 '74 82 531, 569 5143 5.13' 417 .3741 1773 146, 365

5-.,
- '. ' ,' V .

j

STATE AND S't1'ION5
3330185

JAIl '9E8 3(48 A IMAY JU1( JUL AUG SEP OCT 1604 Icc. nn'l

1'33OTANA. G1'as0ou
' . 158 258 385 r466 568 &05 645

'434 '639
531,830 26,7, 154 116 '3881

Great 14115 140 .232 356 '628 583
'56')

532 407 258''l58 312 366
Il0 76 332Sunr,tt -

NEBOAS5;A. L,nColn
122
1148

162
75

268
350

838 467 '893
4)6 494 584'68

530 353 2216
484 396 :296 99 159 363

593 '299 365 463 '516 '546 564" 539 810 298 3208 170

236 339 468 '807
.379

TW S'01T')1'23c
Las Vegas ' ,, 277 384 '519

,5'751T
621 , 702'748 675

,7TB105
'627 551 425 '338 258 509

392 140 339SE4 JERSEY, Aeabrook 157 227 1318 dO) 482 527 509

' '".
455,385 1278

' 96"lEd YAMPS'519E. Mt. laShtnqt9n '
914 l'tCelCQ,,Albuqpergoe

117
03,j,,''Sll

218 238
'6l8 L585 726 '683

...
'516 954 '438 '334 '216, 532

'404 YOR(. Ithaca ' - 116 1198 272 _ 334 t440 '51lT'3W'"J,
'365 '470

3223T'h170'T-'90'+'TaT
135,'lewYOrk Central Park 330 , f99 :290 432 859 339' 331 242 3,298

Sayutl le 168: 289 335

1273
415 494 565 583

1413 888 '841
862 385 289 186 342 352

I 397 299 218 128 104 2821Scl'enectady
lipton

130
155

200
1232 '339

1338
1828 502 523 '183 1475 3.91' 93 182 1186 355

506'IW'tABOtThA, Grçensboro
* 34attEras

200
248

2f6
317

35
[82k

469''TT3Y'3iW99
569 635 '652 625

4G t-7122 T7.T"T7T 30T
562 473 358 28 4 483

Rale:935 235 3025 466 498 568. 535 :876 379 007 2 9

NI3RTH OAKOTA. Btjntarck E 157 250 3356 '887 '550 '590 1617 516 390,272 1 4 369

CIII'), Cleueland L254j83 '343 286 I 52 '562 562
71'±r4'6,33r"4'7Tt

494 275 289 '141 115 'l

'Z2 '178T" r7rfT')'3'o'Co') onOus
Put-tv-8ay ,.

128
126

,2O
'204

297
'302

36121
386 1468 '548 :561

'536

3,887 392 275 3184' lO 332
S193 487 377 '291 240 836

--OK 0144. Okla600a Ctty 251 I 339 409 498 ,6l5 630

3, a ter,, 2051289 , 390 458 I 504 600.3 596 585 455 358 269 209 405
'300orta ,

us
90
89

1162

t
'215

12711

t287
375 492 _ 869 '539

57O fs
'652

463 358 209. Il l 79 301

O 317 2736" 140 '1012

605 447 279 189 93 38914rd -'
17k YLYIJIIA. P3ttsbue4'h,,

116
94' 3169

1336
:216

482 592 698
337 .429 491 497 899 339 207 318 77 2802

!$3te Colleqe '' * 333 2Ol 295 380 1456 SiR 531 448 3583256 149 118 318

631001 lS3.1,jpo'rt 355 232
252 334

183,2277

L33 845 3 47P 1527 5l3 855 '-3771271 ',l 76 39 331
1393' 573' GST 41V12 9331 4'"17310 rZRG t26 0910'

400 482 532 I 585-i' 590 581 I 4351 315 204 ISA 39,2'
SOUf4'CA8OL ISA. ChT'""
SOUTH 00'SOTA. Rasid Cite
T19'iESS(E. Nashutlle 189 '228 '322,432 5035511530 4'),3 403 ' 308 208 350 355

Oak R,433e. , 161 331 450 518 551 '526 1478 4461318 213 363 368
235nsvt ne'- 46l 68l475

Fort Sorts ' -250 3320 427 498 562 1653 613593:503148:34 306 285

ii'dlad 283 358 :876 550 6133617 603 574 I 2 3396 1325 275 466

61° AnUo4'no - 279 347 817 ,445 543 '612 639 '585, 893' 398:295:256 482
,77414,c l3'nn,jGo,e

C:
236
I'S f258

298 443
3'6,'8''Th'

522 ,,S65 '680 ,' 59?
5'79'&71'2'0"5GT

''5)8 425 352 262>115 A2t
333c' T6"7330TT46 "790Salt Lake ty -

33853930, Pit Wedt5er , -172, 270 '338 4 508 525 SlO , 430' 375 281 , 202 68 350

.ASHIIIGTO7..JMortb II;ad . , 67 :257 715o91 49) 486 ' 836, 321 205182, 77,
Fidaj harbOr., 87:157274,8 518 5 .586 207, 3 134H°21 SI 320

l2iS'722' 351,1 52] 636 6809
, '1"462' 579t GW"5OP"7392OT09,

608 366, 2),4 1363300) 399
96T(2Pull"av

l'tQ°'y of Wasliivgton 11326 285 368 445 463 '4963 435' 394 170' 933 S9277
S'e'tle-1aCo"s3' . 139' 265 , 403 S03'Sll -'566 1

452 *724, 39,9 304' 6' 1 300

,254Skane '204 , 321 1474' 6613 591t '665
466 518 538

S6 '2253 331 3 363
' 1 135 115' 328

,'61000VSIN. M4dtsOn
OMi')Laflder

140 2201)13:
TT9f90

398 g)d52
79T901G" 27'70011-'TV6 '80)

Laraie ' . 216 , 790' 424-" 608 , 554 642 506 636 24, 2291 186 4(18

11LA710 STAT,IONS
CanSon Nlar,d

,

SOt 6Z6
(483

634
I ,

' 604 51,3 540' 550
* I 3

.597 640 651 ' 600 I 579 597
531, 460', 811 433San JuvtP 8

S*,un 3'.l'd -'
4
41221496615'

580 6?? 5193 536' 639'
646 6251 544 588

540' 537
5,93' 530 3573 344' 382 526

I' land '39 _ 515 , 577', _ 647, 656, 679 673, 597 625' 4921 473 569

C

-
V

- -

Denotes only one year of data for the t5 -, no t"eaJS 9o"pued

-

.-- Np data for tnruonts (r Incouplete daEa "or th9 yea')

- . 8arrow ts to darkness durtng the wtnter nOnths '

,
- Ma8ison data fter 3957 hot used due 'to cYnosure influence

- N .
P,oet'stde data prIor to March 957 not used - :nstr,e,untaSdlscr000rCles

*

La'39leY 'S the unit u7sed to denote hoe 9ran, calorie oer 9uare Cent3neter

, , '.Tb1e 44 Mean Dii; So13rRadiaton (Laogieys) .

._0 "S .
7 : -. .. .-

S

C 1 0 9





6

i

c.,

g =15 4P. .

N DlitY4--goEWTAKT1614Iniiieys)
'MARCH

40,
--,,

Figure 4-10. Mean Daily Solar Radiation ('Langieys), March
.

1 \-ti-z.-..4. ...
MEAN DAILY SOLAR RADIATION' (Langleys) ',

4, 4r-... .,0,
----------4--, 'APRIL-2--1 ., ..,_,..

---,:",--:-. 40
---._;("' -"C. '71:1 17471,

, , I -

, '-- t .

Figure:4-11. Mean Daily Solar Radiation(Langleyt),

.

of,

111

4t

*''

/

I

1



0

4-16

Ir

`MEAN 15411121,±!_lyAilyTITLS[Jangleii)-
MA y. t

t

1- /I,

.'Aer

i "'Zi 'er...,,,t oo.

lk".---/... r- h ___/_.--;.77-..._____711,
.,.A._ ft..1, i

,
l' . y, - Sr. a

.4,,1--v.- $. t-'"-.5
....

.../,A ....

,rL 0-_,,,,_.."'wpb
I 44 -%c..-e, V

I. t
/1"----"------- i

A . 7-41-- 7.-,,.."%'' ' nz,
-r.__. _

_ .. ,_, .
. - °.

_..4___._. -...1,/, .
.-:...........4.........

_, ,,,ill: . .
I ..,...,,._..:L1

air

41

ow"
I

1"4,

--: 6.4

-7-a
I

-5,

75Lg

t

, ,

1

.1.

,

P

°s1
gs ,

.

I

Figure 4-12. Mean Daily Solar Radiation (Langleys), May
-

r - - ":5T

,.r
A.7,.,/ 472

" i

=-411::741

,--, r /.
'

AP: %-- - 4

- Figbre 4-13. Mean Daily Solar Radiation (Langleys), June

112'



.
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,The purpose of this module 'is to identify and explain

A 4

'ples
whicheinfiuence the design, operation, and installation-sofsalat

1

collectors and to iRdicate items that may requiremainapanse.
,

OBJECTIVE-

At the-end of this module, the trainee should be able to:

1. , Identify and describe the functions of the individual

tomponents of a solar collector,

, 2. COMpare the performance between various

) colledrtorsi

3. Des'cribe methods of ?eventing corrosion and freezing

of collectors,

4. Describe the function of 'various fluids in collectors;

5. Recognize effect of system design changes on collector

",f IperforMance,

6. Install a typical solar collector array,

7. Explain the factors contributing to solar collector

durability.

BASIC.PRINCIPLES

A solar collector is a means of intercepting incident solar ratia-
,

don', converting this radiation to heat, and delivering useful energy

to thebuilding. A collector consists of an absorber plate (commonly a

black metal surface) which absorbs the incident solar' radiation and

121

p.



conVerts this solar energy to heat. A portion of this heat .is trans-1'4" .

ferred to a fluid and then -transported to another part of the system.

In the process of collecting energy and -transferring. theTheat, the

, absorber plate will I o4e Qoie Of the heat to its surroundings, -so other

components of the solar collector are provided to reduce the heat losses.

Heat is lost 'from the absorber plate by radiation, convection, 'and
a .t

,conduction.. Insulation- beneath the absorber reduces the heat loss

thl;Ough the tact of thecolleor, and the transparent covers reduce,

the heat losses from the "front" ofqbhe collector. A glass cover, which

7 ,

is opaque to the thermal radiation emitted by the plate, :will reduce

convection losses to the outgide air because the air space between the'

absorber plate and cover, restricts convective air motion.

The useful 'energy from' a, sol ar collector is transferred to. a flutd,

and delivered directly to the building or to storage, where it can be

, . . .

used at a' later time: The two principal types of fluid hekting solar
, . - . ---,-

'.,-

collectors a're liquid-heating solar collectors and air-heating solar/

collecters. Liquid heating collectors normally use water or a solution

o watef and ethylene glycol (antifreeze), but numerous other liquids
, .

can be used.

S

Flat-plate solar collectors abSOrb- both, direct and diffuse solar.

radiation. . This-is an important asPect. Oqf collectors, especially in 7

. , ,

areas where a large proportion of solar radiation' is in 'the form of

diffuse or reflected radiation`.

.16

J
'SOLAR SWIMMING POOL HEATERS.

10.

0 a

4

a

..
. A solar totlectOr should' be desi, tl to provide'hqt at the requit4d

,. .

:temperature. For example, to heat swimming pc). ols , collectors may deliver
". ''''

!,.. , .
Or

'
.1

4 ',., , .. p

I?V

t.,

1.'



5 7 3

heat at a very low temperature and, consequently, require simple and

inexpensive designs.

,Perhaps the simplest method of heating swimming'pools with solar
a

enefgy is to cover the water surface with a large, thin, transparent

(to solar radiation), plastic sheet. `The cover will reduce heat loss
,

due to evaporation, as welt as heat losses by other forms and cane
r -

expected to increase the podl tempergfure by 12 to 20°F above mean

ambient temperature (a:summer average of about 15°F).

More conve lona flatIplate collectors, available for heating

swimming Oools,'usually Consist only of a black plastic absorber. Usually
' #

these simple collector's do not utilize any transparent covers_at all,

lk

since the plostic is not capable of withstanding the high temperature&

that would be experienced under no flow conditions. While the fluid

temperatures achieved by these collectors- are.low,sthey alvadeluate for'
4

swimming pool heating. The efficiency of a simple'flat-plate collector

is loW, but the installed Cost of the collector is also low,so

that the cost effectiveness, in terms of Btu per dollar, -is reasonably

high.

ti

FLAT-PLATE LIQUID- HEATING SOLAR COLLECTORS

dl

The cross section of a practical fiat-plate liquid-heating solar
ti

collector wit a tube -in- plate absorber is shown ink Figure 511. The

Arawilhg shows'a'collector'mountedoR roof sheathing, \but the collector,

couldbe mounted directly on the roof trusses and a sheathing is not

needed if the insulation can be supported. ,4

The spacing between the glass cover and absorber is about one inch,

with another inch between the lower cover glass and theto0,coVer gla

4
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TwO to four inches of insulation would be appropriate. A composite

5-4

CM)

Top Cover Glass

Lower Cover Glass

// /
Absorber Plate

I I I 1 I II 1. .''w /iii A I I I 1.1. ill I I i
1164111/1111011111101a7 11$.17741

'Figure 5-1. Solar Collector Cross-Section

.1

insulation consisting of one inch of unbonded glass fiber mat on 1.5

inches of Fesco-Foam insulation would be suitable, with the glass
,

'fiber, adjacent to the absorber plate to withstand a possible high

teinperature!' 4

A collector which can-be ,fabricated at, the factory is shOwn in(
Figure 5-2.'t The unit- is installed as a module in an.array of co3lectors.

A .factOry-aSsembled col.lector,is. typically.aO-out 3 feet by 6 feet,

although there is considerable variatidn in Sizes. The depth of the

collector is ;aboUt seven inches.,

5e;
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'Figure 5-2,

TRANSPARENT COVERS

INSULA,TION

3

olar C011ector Module

The ohrsic:al and optical stability of thin transparent plastic

films and sheets under ultrA violet radiation and also at the high tempera-
a

tures that Are developed in solar collectOrs is not well established.

TedFar and pollycarbonate sheets have .been. used, but glass -is, commonly

used for solar collectors., The optimuli7number of glass covers depends

on collector design, the fluid temperatb, e de dvandtheautdoor air

temperature9 For flatrplate-coll-ectors in sy tems that are used only.

A

for winter heating, one glass cover is suitab where average- winter air

temperatbre rs greater than abobt 456F. Tw glass covers should be used

for collectors in colder climates.

While there. is some questions, of glass breakage from -wind and hail

storms, use of tell erect glass. and small collector widths 41 reduce,

risks of glass breakage. -
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z

M tal is the best material err absorber plates. In liquid-heating

coll eci ors,'the tubes must be thermally bonded to the absorber-Plates*to ,

Conduct the heat from the plate to the tube wall.',The thermal contact

betwee the'tube and ttre absorber plate is satisfactory. with tube-in-

sheet bsorber plates. -.The cost of an 1100 alloyluminlm Roll Bond R

is ablut one dollar per square foot.

major difficulty in the use of aluminum is the possibility of
1

corro ion of the tube walls. While corrosion can be effectively libited'

by additives in the heat transfer fluid, it i not totally inhibited.

Copp #r o'r steel- absorber plates are also used quiteextensively, but

copp i''tubes are expensive and steel plates are heavy. Some absorber:

pla es consist of copper tubes banded to a less expensive- metal pldte.

Pressure Drop ThrougPkhe Absorber Plate 1-

1
THefpressure drop through the tubes of an absorber plate is a

function of the flow rate through the tubes. The flow rate, in turn,

is selected on the, basis of a .desired temperature increase'in the heat

transfer liquid from the inlet to the-outlet. The flow rate will vary,

with the temperature in the fluid because the 'vinosity of the liquid

varies with temperature. A temperature rise across the Collector of

about 1`5 °F with peak int-olation -is,a_reasonable design basis. The flow

rate through thb tube to,achieve the temperature rise is about 0.02 gallons

.:per minute for each square foot of collector.

It is important to achieve a finite. pressure drop along the tubes --
,,.

,

attache-Cr.fo the absorber plate (or in the plate) to assure satisfactory

flow distribution among all the tubes. A practically-sized absorber

126
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plate is Shown in' Figure 5-3 for purpose Olf illustration: In this design,
-

the risers are about.7.5 feet long and thegaders are approximately 2.5

fgt long'. The total head loss acrosl the .absorber` plate from. point A

to point 6 is the same along, any riser-tube. The head loss is equal to

the head 'loss across, one riser .pl us , the head loss' in one header.
.

96.000"

33.750"

woo'

+500
4

, 0

Risers
L000

0,200

Header

SectiO

.0200

0375

0,060

action B-B

Figure 5-3. CSU *Solar Collector Absorber Hate .Di ensions

It ha'S been experimentally,determined that satisfactory flow diStri-

butir in a solar collector is achieved,when the head loss along one

header is Tess than'one-tenth of the total head loss from A to B. Likewise.,

when solar collector arrays are arranged, it is important that the flows

1
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be equal through,all the tollectors. "The headers, shewn inFigilre

should be sized so that the head lost along one header is about one-tenth

the total head loss from points A to B.

SOLA
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i
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Ililli

i

1

L
1

1

T:

.111,1

1

i

ri

1

.

1

-j

I

I

11

r;
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.
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' I

ILI

I

1

I
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i

;

.

RUT
A

'HEADER

Figure 5-4. Definition Sketch for Fluid Flow Ditribution,
A Solar Collector Array

BLACK ABSORBER COATING-
.

-There are many types of paints to coat absorber's'urfaces. An
6

,S;

OM

acceptable black absorber coating, suitable for air and liquid collectors

is a 3M brand Nextel®Slack Velvet Coating. A Nextel primer is

recommended before the coating is- applied. One gallon. of the paint (also

the-primer) covers about 20p square feet of absorber surface-area. The

solar reflectance of this coating is less than two percent. Because all

paints contain some amount Of binders, the painted surfaces should be
,

,,....heat treated at about 300°F for about 3 to 4'.hours. Pre-heating.will
,,

pre9ent off - ,gassingfm the absorber coating and !condensation of Vola-
,

tile components on the lower cover glass,. The condensation of paint

-4r-binders on. the lower glass cover reduces the transmission of solar radia-.

tion through the glass.

Black paints are inexpensipe ans6relatively easy to apply, but there

are some disadvantages.: While therE\lsh,igh absorpti y of the solar

128 4
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radihtion with a black paint, there is also high emissivity. 'Nigh" ""'

;,.

emissivity results in high radiation heat loss from the absoisber.
,

,

There are special blackselective surface materials which result in ;

high absorptance of spIar radiation,andlow emittarice of thermal-radia-
.

tion. Selective surfaces canvert.a large fraction of solar radiation

to heat andisupress radiation heat loAr-so that more useful 'heat is

delivered from the collector when compared to one with a black painted

surface. Various selective surfaces are being developed by many

collector manufacturers and in the next few years some are likely to

be used for flat-plate collectors.

-CORROSION

Table 5-1 lists a galvanic seriesof metals and alloys in aqueous''

solutions. In the list, the metals at the 6p are easilycoisroded,

whileth6se at the bottom are noteasilycorroded in ari aqueous solution.,

Table 5-1"

Galvanic Series of Metals and Alloys-in
Aqueous'Solutions

Easily ". Magneium
Corroded Zinc

Aluminum.
Steel or Iron
Cast Iron .

Lead,

Tin

Brass
Copper

Braze
Chromium4ron
Silver

Difficult
tom Gold

1Corrode Platinum

Br'

1249
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Magnesium is sometimes used for sacrificial anodes to protect zinc, iron,

brass, copper, and bronze but this must not be done if aluminum pipes or

absdrbers are used in a water system.,

, Electrolytes, other than hardness and alkalinity, promote corrosion.

The presence of calcium, bicarbonate, metaphosprlafe, and monohydrogen

photphate ions assists in corrosion control, The presence of silica,

organic color, and borax is beneficial, Factors which aid corrosion of

metals in aqueous solutions are dissolved oxygen, acids, sulfides,7tin,

copper, cobalt, nickel,and lead as well as the presence of magnesiuM

(ih aluminum systems), chloride, sulfate, nitrate, carbonate, and

.hydroxide ions. Water circulated through solar collectors should not

be permitted to become acidic because corrosionis more rapid in acidic

. water solutions than in neutral or
.

slightly'basic solutions. The water

should:be'drained.if it becomes acidic.

Corrosion is minimized when the dissolved oxygen concentration is

zero. The free .oxygen in an air-tight system collector loop will be

lost as some corrosion takes place on the. pipes in the system.

A corrosion inhibitor that could be added to the water in the col)ec-

torloop Is presented.in Table 5-2. The recommended concentration in

(water is 1.5 percent by weight, givingra pH of between 7.5 and 8.0:- The

inhibitor cost is about 60 cents per pound, and with the suggested mix,

the costis about $70 per 1000 gallons of water.

utomotive grade ethylene gf'ycol solutions also contain corrosion

inhibitors. If the-composition of the corrosion inhibitor is not given,

_further information should be sought. One should be especially_careful

witf'aluminum tubes end.pipes. In general, a 30 6erCent_toncentration

of automotive grade antifreeze'which contains corrosion inhibitors is

needed to obtain Suffi6ent protection against rust .and corrosion.

.*130,
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Table 5-2

'Composit4on of a Suggested Corrosion
Inhibitor Addi ti-ve

_

-Concentration
. Optimum Percent'

by Weight
.

Mercaptobenzothiazole
(technical grade, 92% min)

Sodium borate decahydra,te
Na

2
B407 10 H2O (borax.)

1.

Anhydrous disodium phosphate
Nat H PO4

.

,

e.
15.1

71.7

9.2 ,

100.1y/4

I

Removal of small particle; by filtration will reduce erosion of tjiesmall

small tubes in the absorber of the collector. 'A filter which will remove

particles' greater than 50 micrions is satisfactory, but the pressure drop

across the filter may be too large if the flow velocity is high._Ftfty

micron fi 1 to rs may be used i ni ti al ly .in the system, and. 1 ater a, change to

about 350 micron size may be made.

Heavy metal ions (such as copper and iron) can react with aluminum

by displacement of the aluminum and deposition' of the other metal. To
.

minimize such ion exchange, an ion getter can be used. An ion getter

with an aluminum window screen .placed in the' pipel ine haS been used

satisfaetorily. Narious protection devices in a collector loop are
,

shown in_Figure 5-5. A filter, ion getter, and non-metallic hc:4es

connecting pipes of different materials are 'shown in the figUre,

LIQUIDS

Experience indicates that an ethylene glycol concentration of 10 to

0 percent is adequate to prevent pipe and tubing from bursting when

/

1 1
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exposed to temperatures well below the freezing point of the mixture. If

_ the liquid in the system is static and flow .at low temperatures is not

required, it is unnecessary to use glycol concentrations as high as fndi-
,

cated in freezing point tables. However, it is,important that the pipes

leading to a collector are protected from freezing so that flow is always

possible. Otherwise, the liqujd in the collector may boil even in mid-
,

P

winter and, if the pipes 'are frozen; the tubes in the absorber could

burst from excessive pressure.

Adequate freeze protection for a water coflector can be obtained

with antifreeze,concentrations that are less than those'required in an

automobileadiator; as the purpose of the antifreeze is to prevent bamage

to the collector, b'ut not to prevent the formation of ice crystals-.. In

Table 5-3,_1he temperatures and percent ethylene glycol concentration in

water (by volume) have proven-to result-in a slushy condition which,

while very dense, does not,result in-damage to the tubes. If the corro-

sion Inhibitor additive in the antifreze is be utilized, minimum
s.

concentration should be about 30 percent.

.o,

Table 5-3
1

Concentration of Ethylene Glycol Required for
Freeze Protection

Percent Ethylene Glycol
by Volume in

Water ,

Minimum Temperature
for Freeze

Protection, °F*-

0,
.-,0

"5

10

15 .

20
......

32

25

16,

2

-18

*Flow will notie possible below these temperatures
..___

134
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Thermal decomposition of ethylene glycol takes place at about 325°F.

The rate of thermal decomposition is very low in this temperature range

and, unless significantly higher temperatures are enCountered, thermal
4

decomposition of the antifreeze additivt will not be a problem. A maxi-
,

mum temperature of,300°F is Suggested in the abs'ence of dissolved oxygen'

in the solution, and lower temperatures are recommended to extend\the

service life of the liquid solution. e

In the presence of aft-, ethylene glycol degrades more readily than

without air. A portion of the degradation product results in an
/

acidic.

solution Which promotes corrosion. If simultaneous exposure to oxygen

and elevated temperatures of the ethylene glycol solution cannot.be'

. .

avoided, then the temperatures must_be moderated. The allowable, maximum

.1

temperature depends upon the degree of aeration and the desired service

L.

life of the solution. A temperature of 250°F may be -acceptable when the=

, onlisource of air is a vent or vacuum breaker line, Anti-oxidants are,

helpful in some applitations. Ethylene glycol concentrations grater

60 percent by weight are not used, because the minimbOireezing

pointkis achieved at 60 percent.

The price of two other4heat transfer llquidwregiven in Tabl

Dowtherm J is currently being use d in the Phoenix solar'.heated house in

Colorado Springs, Colorado.. Thermino1.55 is used in high temperature

solar collectors. SOMe oft i:hysical properties o-Uthe two liquids
u--

are given in Table 5-5. lr

Dowtherm J non-corrosive toward all' metals orilloys commonly

used in solar systems,' such as steel, copper, alumigum, and stainless
r .

steel. alloys.

Oxidation is a problem when heat transfer fluids, at high tempera,. .

tures are exposed to the atmosphereiin open systems. Significant oxidation

4

1.3-5 .

ti
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Table 5-4

Cast of Two Heat Transfer, Liquids

6

Quantity and Container Size
Prth Gallon

-. -,
Dowtherm J c Therminol 55.

5 gallon -Cans c. . .4 16;10

1 drum* $ 4, 14.60
.

2.90

5 drums 4.10 2.90 t,
.

1 -`9 drums A

....4 .
2,.90 r

20 drum .- ...3 99.....-
( '. ;/2.60

,. 10 --"59 Pims -
. .

. ....1 2:60

60 drumsor more .. '2.20

4,000 gallon tanigitruck 477 .

40,000 pounds o
wore

.
.
- '

a
1 .. 50

*55 galion drums, (each cbnteain,s, 400 pounces taf Therminol 55)
1.

. -

Table 5-5
IS

Some Phy,siCal Properties tif-Dowtherm 0,/and Therminol 55
, a

.

. 4

'Property ..
.

Dov.)therm J Therminol 55

Operating temper.at //range , ,q- -100 to 575 . -5` to 600,

Pour point, 2F : -40

Bol ng poi nt,..!
IS/

-35d . - . 635

F3:s.h po t, ``) .. .145 0 355.* ---
-,--

Fire poiptt °F, . / 155 . 410.
2. .....:.-1.--

Auto ignition temperate r
____( - v . .

806 - 675

rIg

,
-the, fluid viscosity to irkcrease*and Insciluble- materia'h to be

. . ,, .
. formed. Th

cinsoltibles will decrease the hear transfer rate at the tube'
. , ,,,, -. .

.
walls, ilterelpe film tempera tu ri,s , aritf accel erate therm 1 degradation of S

k

"

era

irs

t` 136
-1, 0
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A
01 .0owther46

m J is 'resistant to both thvmag degradatio'n andoxidation.

To prevent oxidation' in open 'systems, the temper.atUre of Dowthertri J-.

liquid should-not exceed' 300°F.
".<-

FLAT-PLATE AIR - HEATING SOLAR COLIYOORRS

4'A crass- section of a typical' air,heating 'solar collector is 'shown

in sFigurei-6. The conversion of War iosadiation'to,heat is exactly the

s same as for 1 uid-heating collectors. Because air is used as the heat
. . ...

transfer medium, the air passage is 'a duct, instead:of tubes in liquid ',
. r

colledtprs% and the top\urtac! of th' , .,

A.

,

if'
.

.

tlforms the absorber plate.
V: -, .. r .

r , ,1

".
TVp Cover Glass

4

A*

-.. -
.

lowen Cover , G1 a(s.
- . -)

45 '.

-
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-

.
. .
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'Mr-heating solar collectors are lass efficient than liquid-heating -.

solar collectors A high fluid temperatures. However, the efficiency of

L. . .

the total solar system is, comparable with liquid systems.

5-17

Air-heating collectors have ,a number of advantages compared with
, ( 411

liquid-heating coll.ectors. There are no problems with freezing in the

collector or "overheating the air. Cctr.roSion problems are also minimized.

A

., Galvanized ducts do not require corrosion protection but insulation is

requi red: A system disadvantage is that a larger storage vol ume is _needed
.

. but an adiiantage is that stratification of temperature in storage permits

-air copectors_to operate:at bsgst efficiency throughout the Jay.

The long-term durabil i ty. of solar collectors is still unknown. How-

ever, there is one air system, using glass plat absorbers in the collector

which has operated continuously -since 1957. .is generally expected that

solar air heating collioitor will ,fraka long " fetime",of use, although

more data. from operating systems are needed before conclusive statements
- , .

-
'can be -made.

SOLAR COLLECTOR EFFICIENCY

STEADY-STATkE.,COLLECTOR EFFICIENOP
I i

Solar collector efficiency is the fraction of the solar energy inter-
.

4 .

cepted..by the collector that is coriVerteeto
.
heat and delivered to the,

,

.
; building. Factors, which infl i-nce solar col lector efficiency incl ude, ab-

_.,

sorbe r _,Surface coating, number and type-of transparent covers, fluid' flow

distribution 'through the collector, fluid temperature, outdoor airtempera-
. ,-,.

ture, and the intensity of solar. .radiation on the collector glass area.

*

The collector efficiencies for several
,

different solar collectors are

shown in Figure 5-7'And the selected collectors are described in Table 5-6.

,(41111. A!
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/0,

Ti =. Inlet Fluid, Temperature; °F

To' = Outdoor Air Temperature, °F

S = 'Intensity of Solar Radiation,
P. BTU

(hr) ( ft2of- collector )

cs

8
4

0

. 0 0.2t 0.4'. .,9.6 0:8 1.0

°F)( hr ).(.f t2)

BTU

4fr

Tc

S

Figure 5 -7.
.4

Solar Coll4or EiFficiency,

'
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Table 5 -6

Description of Solar Collectors Plotted in Figure 5-7'
.r,

.

o1 *Absorber
Malarial

i ,

Col 1 ector

Number
from

Figure 5-7

,
.

Manufacturer and Remarks
Absorber
Surface
Coating

Transparent Covers Stagnation
Temperature*

°F*Number Material

Aluminum_ 1 NASA/Honeywell v black nickel.. ,glass 466

.
2 tISFC black nickel 2 Tedl a r

I

313

3 NASA/Honeywell black paint Aluminum 1 glass . 274

'Aluminum 4 NASA/Honeywell
..(rnyl ar honeycomb)

black paint 2.

2P

glass 475

Aluminum NASA /Honeywell . black paint 2 glass 355

Aluminum 6 PPG - black paint glass. 268

Glass'
.

**7 Owens (evacuated tube)
.,.

selective .

surface

.1 glass 1,150

"Steel

..

Sol aron

(data furnished by
manufacturer) Heat transfer

fl, uid 55 air

bl ack paint

.

.
.

,

l ass .

. .

355

-* Values are calculated assuming that incifient solar radiation, S, is 300 Btu/(ft2)(hr) and-

that ambient temperature, Ta, is 70°F. . .

* , . tr, .

.

.

** With the exceptiod .of solar- collectors number 7 and 8, the absorber plates are tubes -in- plate.
.. ...-

140
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The efficiencies of solar collectors are often expressed as a

functiOn of inlet fl.Gid temperature and ambient air temperatures.

While use of inlet fluid temperature in the efficiency curves-presented

by manufacturers is acceptable for liquid heating collectors, itis not

a useful variable to express the efficiency changes for air-heating

collectors. This is because the inlet temperature to an air-heating

collectOr in a system is always near room temperature, while the inlet

fluid' temperature for a,,liquid- heating collector varies considerebly

during the, day.; Thelomparison of liquid-heating.collectors can be

based on efficiency curves similar to Figure 5-7, bdt comparisons oik

:liquid- and air-heating collectors are more difficult. Unfortunately,

rib easy method has been determined to comPare.the performance charac-

teristics of air-and liquid-heating collectors, but &recent study of

two similarly sized systems on comparab3 at the same location

and during the, same time periods shows that the air-heating system

ek collected more useful energy than did the liquid system. The reader

is cautioned, however, that.more data are needed before definitive

(._'fi

!conclusions about collector and system performance can be made.

' The efficiency of an air-hating solar collector increases with

.air flow rate, but large -.air flow rates require large blowers and.

large Electricity consumption in proportion to the solar energy collected.

Kreconviended air flow rate for air collectors is about 2 cfm per square

foot of colleaTr.

For liquid-heating solar collectors, the liquid (water-ethylene glycol

mixture) flow nate should be between 0.6 and 1.2 gallons per hour per

-

quare foot of solar,collectorarea. .'OnlY a small !gain in energy collec-

tion, hence collector efficiency, is realized by circulating more than'
..

112
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galf(hr)(ft2). On the other hand, when less than 0..6 gal/(hr)(ft2),

y,
is circulated, the efficiency is significantly reduced.

DAILY COLLECTOR EFFICIENCY'

The efficiencies -shown on,Figure 5-7 are not appropriate for long-

term collector efficiency, sucti.as daily efficiency, because the fluid,

and ambient temperatures as'well as the solar radiation continuously

change during the day. The efficiencies shown on Figure 5-7 are for
OP

steady-state conditiorns and, while they are useful for comparing

different collectors (one fldid type), they are not directly useful

4

to determine the quantity of energy collected by a system during the

day. An average dally efficieSincy of collectors in a system is more

.useful for that purpose.

The daily efficiencies Of tfie collector's for CSU Solar House I is

shown in Table 5-7, for each month of the year., The send column in

the table littsthe efficiencies baSed on total measured solar radiation.

The fourth column 1,iststhe efficiencies bas oh.solar radiation on the
0

colleCtof during, the periods when the .colle ors delivered pseful energy/

During the year the average daily efficTenc varies from 15 to 25 percent,

02-

depending on the solar and climatic conditions and the operation of the

system. The higher temperatures of storage water required for'operating

the cooling system during the summer lowered the collector efficiency

when compared to winter conditions.'

While average daily collector efficiency is d4pendent upon many

design factors of the system, a daily efficiendy from 25 to 35 percent

can be-expected-with most collectors now available commercialb. Because

the collector is a very 'mportaht component of a Abler system, and the

. t.
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Table 5-7

DailyCoilector Efficiencies for Each Month of the Years

...,
Average Daily,

EfficiencY' Based',
on

Solar Radiation

Average S

(MJLday)

Average Daily Efficiency
Based on When'the
Col lectors Del i vered
. Useful Energy'

September : .22.5 INCE,- . 31.,5

October 21.2 .848 , . 20.4
November 19.6 780 31(2
December 23.8 967 33.3
January 24.6 999 33.0
February 24.6 1 274 36:9
March. 18.5 1 395 34.5
April 15:2 . 1513 32.3
May 15.0 1217 35.9

.

June 14.5 1375 34.3
July 15.6 1474 22.9
August 15.0 1 429 27:2

performance of the entire solar system is the important factor in system

eonomics, individuals are discouraged from making their own collector

unless the person has, considerable experience and knowledge,about 'solar

collectors.

STAGNATION TEMPERATURE

4
An,important factor in collector performance is the caability to

withstand the_highest temperature achieved in the collector when there

is no fluid flow.and thesolar energy is a maximum. 1The highest

temperature iLthe stagnation 'temperative, which could,de.v.elop when

there is electrical power failure and the pump or blower stops, and

most certainly during installation when there-i-s-no fluid, (in liquid
ast

144
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_

heating collectors) in the collector, Stagnation temperatures listed in

Table 5-6 are very high, particularly for the evacuated tube collector.

COLLECTOR ARRAY

/Most of the previous sections concerned collector modules and, in
l 1 ..0

1 lilltgenral, several modules are required in a solar system to provide the

energy to meet the heating and cooling Heeds. Collector modules may be
/' i 1

.

assembled in a number of different ways to form an array of collectors,

and one possible arrangement for liquid collectors is shown on Figure 5-4.

I
A recommended arrangement for an air-heating.collector array with

internal as well as external manifolding is shown in Figure,5-8. Varia-

tions to the scheme shown art, of course, possible. A very important

ARROWS INDICATE
DIRECTION OF
AIR FLOW

.4
CONNECT IONS

TO COLLECTOR 3
mAN I FOLD

, DUCTS

SOLAR HEATED AIR
FROM THE COLLECTORS

AIR TO THE COLLECTOR

' Figure 5-8. Typical Arrangement Of Internally Manifolded
. Collector Modules in an Array
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2 factor in any scheme is to be surethat joints in the duct system do not

_Collector arrays, for'''both liquid and air heating systems, should.

be leak tested during assembly if possible. While leaks in liquid sys-

tems are easy to detect, leaks,in air systems are not as readily deter-

mined. Care during installatfon of collectors, with joints' in pipes and

ducts, is advised. The cost of labor for careful assembly is a, small
_

fraction of the cost of labor for disassembly and making repairs.

Joints in piping, particularly fi-om the headers to the collector

modules, maybe made with flexible hOses. Because' neoprene or rubber

hoses will require replacement periodically, sufficient thought should

Abe given to facilitate the replacement. Other piping connections and

valve locations should be given similar consideration. Connections from

the headers to the absorber plates of the collectors cannot be rigid

coupling because:there is considerable expansion and con action of the

absorber plates and the headers during the day as the collectors are

'heated and cooled.

)
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INTRODUCTION

.
Heat storage is ngoessar, for, solar hefting, cbol i,ng", 'and service

.; liCtt- %tater Ileati.ncinItal 1 ations While there it* some heat storage in
If .

,' the strucSure aft contents of a building, it is not an appreciable fr*t-

. 4 .
.

ticir), of requirectstorage. Practical methods of heat storage a; 01" basic

-...:.
1 gui:del inOs ,fof siiing are presented in this mo 1 .

..,

a

. OBJECTIVE .,,
. ., , ; ,-.

i ..
l objective is' -to *lescribe different heatileorage media and pro-

, , . c ur,..,, . , c. :
vide guidel ines` fOr sizing the stoiage. unit for specififrrequirements.

fresu I;obj.ec t tvesP f
I .

hor te traine are .to be able to:,
.

4).

-1. Select a thermal storag
!.. 44, -

.of sOlar system:
". 04%4

2. Size and locate the therqtal-,..

ft

t for a.particular type
.

orsage

4

3. Sche'du.le and install the thermal storage unit

in the system,

. Recognize
t 1/4e ,potential maintenance featgres of thermal

storage ;units.

0'

:rhfETHODS 0HEAT-STORAGEfl

5

/-----";

* ,Heat may be stored for use in heating jin;1 cool ing residential.
buil, fngs. in the .415gm of latent- heat, sensible e heat, and "combination

i
. i,

. Z i f ;latent a n d sensable eats.

111.! 4,7

6 "'

, -g
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0 . A. .

LATENT 'HEAT STORAGE , 0. , ,. #.7. ., ,.. ; at
,

Latent heat can be stored ,by, melttng, a solid,.id,. sucil' ass-wax, into a. -
.---,

a

0

,

liquid. The ttoreet-heat;.iS releaSed when the teMptrature drbps, and
,

and
,

the ;heat .which is released i9 supplied tothe conditiorr llikimce: If a .

,

. .
- .... . IL- - ,,

suitablb material "is IsLaf, solar heat at temperatures provided col:-
. , . - . -

.:, 3ectors can be used to melt a
. solid and to store\ the/ heat thirinf theday,

-
. , P .

\.
4

then be made to relase the heat when ,the litc(Uid reverts back" to .

4kol id form. A very small tempe'rature ,difference is ,sufficient to

'change the phase fttrom solid to 1 tquid. or liquid to solid, The use Of

bite to cool an "ice box" and to cool -liquids- illustrates 'the
e use' of latent heat for cool 4:0 .

There`aite also twAlrinciPal advantages to. latent heat storage.

Because very larg6 quantities of heat cin be stored- and released per
or-

pound. of Material, it takes 'Jess volume, to store the heat re_vired by.
s 41446

the ,'system. A latent heat storage -uii-ittiSyng paraffin or wax would
k

r"qui re abffut one-fou t,h as much volume as a eater
I - ry

equivalent amo.unt: of heat. A secopdadvatitage 1

remains nearly 'constant duriu phase changes. A co istant eratiAg

:C *11'

1

tank to store an. ,
, .t the mperature

if

,

.
temperature .for hot storage or toldiprrage" is pktiaurarly advantageous

.
. . . .

I .

for operating a chiller'. ,-. : c. . -
.

0 --. ,, ., °

' Ther'edare, 1.,l'owe-4r, some disadvantages with latent heat storage ...

units,' .Many known latent heat 'material loast only a4 few .yeays-.
afid must be 'replaced". As of the, time of this_yritin9; su.i.table -
n4terialcs-are also expensive when, compared, to wateiq ble.bed'

storragRq.nits. More time is 'needed fOr development of- practical latent

heat 'storage units.:

7, .0
As,

Ta '1e 6-1 is a listing of some availablelatent heat storage materials..

15.,a.
.

,

. -

I

i
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Table t--1

Latent Heat .Storage Materials

.
. 6

Name
-

. , Rn

Melting point
°F

Heat of Fusion

atu/Tb 'Btu/cu ft

-SaftsHydrated Inorgink .

.

- .Sodium chromate
Manganese nitrate
0rtho Phosphoric acid.,

-Lithium nitrate ..

. CaltiuT chloride- :-

Glailber Salt . .

Disodium phdsphate
Manganous nitrate
Zinc nitrate .

-Calcium nitrate

Thiosul fate. (Hypo)

NtckeloUs nitrate
Cobaltdus nitrate

.

.Caqmium nitrate
: Sulfur trioxide

Magnesiuth nitra

1-19drazine-hYdroc ,bride
. 'Magnesium chloride'

-c-

.

..,

.

.

'

';'--.7>/:'','

r-

,

.

,

'

-

.

..

67.8

84.8

85.8
86.4

90.4 ,-\

94.2 " .

95.8
97..2 -'

a6,
9.4!

34.0 _f.

. 1,34.7

139:1

144.0
182.2

198.8

244.0 .

.

78.4 .

60.4-
61.6'

127

73.2

102.3
121.0 ,

50.4

-.56.1

, 61.1

40.7

65..6

54.4
45.7

137,

68.8

-95.7
72.7

,

:
740p

6570
7,010

18200
7570

9320 '

11550 ,

6240

7180

6900'
471
833G
N004 . ti,

/6550
16750
9380
7700

9000

AnhydrOus Inorganic Salts
.

.P..- 'Arsenic tribromide .

. _Meta Phosphoric Acid' -
Pbpsphoric acid .

. Antimony trichloride
Antimony tribromide
Aluminum bromide' "I-

'
'Ammonium acid sulfate

( sAmmoniummiti'ate
. Potassium thiocianate ,

,

-

.

,

*

4.--`

.89.4.

::.5

158

164

':-

208,3
291'

337

350

...

16.0
: 46.2

67.4

24.0
16.6 '

, 18,2

53.5

27.4

48

,

-

.

.

.

Waxes and,Organic Solids

Anthrac4ne ,,

Antraquinone
Naphthaline:
Naphthol.

Bees wax ,

Stearic actd,(tallow)
Amdrphous paraffin'wax

.!

.

-

.

:

.

205

,.545

..176

203
.143

-169
166`

t
45 1110"'

67.8
64.9 .

70:0 ,j

76,2.

,85.4

.99.0

=

3480

6030 .

-,4620

'5280

4500
4500'

4900

k

r-

I

V
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SENSIBLE HEAT STORAGE `N7-4.

Sensible heat'14 stored when .the temperature of a storage medium
.

increases, Water finch are the most common materials used for
. .

sensible heat -stor4g1 because they are low in ,cost and readily available.
-- . - _ i. . , . .

Any thermally and Chemically stable solid or liquid may be used if the

costs are justifiable.
.

The amount -of hearequired to raise the temperature of one pound of .

* mattero degree'ls the heat capacity of he material. - Heat capacities-

.

-
for common vatefialt are in Table 7.2,f 4,n .terms of ;both mass and

vol ume.

1 ..Tab,le 6-2

Heat Capatity v.z:Lum

M t gal
,

He ,..Capacity

Btu/1- P . l Btuift3°F

Wdod '

Steel

0.15 to -1.5 inch rock

Water ' .

0.6 ,

`Al

0.2

.1.0
.

45

54 -' 20

62.,

It will be..noted.thtt water has three times the' heatcaPacity as

compared to rack far the same volume. This means that'a pebble-bed storage

unit would be three times.larger than a water tank to store 'the same amount'

of heat.w"

SOLAR AT STORAGE SIZE
a

Precise heat.§torage sizing is not required for solar systems, but -

there is an economical size for a gin installation. A very large

volume of storage does not result in providing 'more solar heat to the

1S3
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building enclosure as compared to 4n adequately sized unit: Pius a di s-

proportionately large storage capacity relative to a fixed col area

i s not ,useful : .
_

.

.
A solar system that is to provide a major fraction c)f the aRnual-

heating toad for a builtling should provide for overnight heating from the
-10. *

solar energy collected during a 'normal, winter day. If the previous day

was cloudy,' then the system will depend upon the auxiliary unfit to pro=
.

vide heating., A large solar,. col lectOrarea which provides more heat than
.. .

%

js needed by the buildirtgAtill have exces5 heat that' can bei stored in ai , . - . ,

large stOrade volume. Such a system could store enough heat for use over

several days. if there is no sunshine. The cost of the system increases,
,

. ,. _ .
. however, because of the latger col.lectOr area =and storag9 volume. The most .

.
_

11.

, .practief si to consider is a sdla,r4 system that All provide. for 20 to
.

.

-- .

+': 30 hours of heat'ea g.
i.
during "noririal ,winter days. The recommended size of

, -

to r kg e relative-to collector area i V%one to two gallons of watef _for a
, ,

,-.. .
.

, . - ,

... liquid system,, r one-half to one cubiiefoot of pebbles per square foot Of

collector area for en air system. A sole, system for' a residential build-

i..ng with 500 square feet
4
ofcol lectors should have a storage unit with

,about 700 gallons of water. capacity, or 300 cubic feet of pebbles. The

instal led cost of such 'a 'storage upit would range fromS500 to '-$1,000.'

HEAT ,LOSS FROM STORAGE

P,4

If the heat storage unit placed inside th-e_building enclosure, the

loss' from the unit.will be to the building ,interior. In the heatin4

seas* the heat i's effectively ,utili2ed, but in the summer he heat loss
.

"-
from storage will add to the cooling load. By acing the Stcn

4

within a vented arid insulated, room, use 'of...the.hleat- lass 'from storage can

be effectively control led during winter 'and su et.
,

6

-
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LOCATION OF SOLAR HEAT STORAGE

Solar heit'stoeage Units may be located above of -below grade and .

' ..either, inside= the heated building or 'outdoors: It is recommended that

the storage unit be placpd within the-building enclosure whenever pdss4ble

and close to other solar equipment. An -indoor storage loCation has the'.

advantage that it is protected from moisture and cold, and the heat loss

from the storage unit'WillaSsisf in heating the-building winter. The

'disadvantages of locating the heat ftorage unitindoors are. that heat .1.

loss to the building,,,adds to the cooling ldad durin4: the summer and a

finite amount of relatiyely expensive space must'be provided,.

When a storage unit is placed underground, the insulation Must be of

,

a kind w ich will not absorb moisture. Materials ;such-as neoprene foam
Op

or styrofbamitould be suitable.- The tank should be plaokd below the..

I

frost line unless a lined pit is provided ,for the tank, pimps,.
_

, ,

and othelluipornt. The pumps which circulate the storage,wter should

1

be placedkat a level to prevent vapor locking at the inipellers,

, ..

WATER HEAT STORAGE, '

,

. g.
.

-4, ...
:

ilo.
s: A7 j . -

.

Water should be used for ,heat storve if a liquid is Used as the 7
, , c

, .--, ,

. "heat transport medium in the solar collectors. iflan:antif reefe°s011iti'on *." ---

,

..
.z,

,.".
., , .

is needed in the collectorS, it is advisabTe_to separate the fluid cir-
. t

. .
,

culation loops with a heat exchanger between the 'collector and,.'Stot* _

. to.

,,

'.

loops. If -freezing is not Of concern, water from stol4age-may be cirem-..
,., ., -

. w
. lated through the collectors without 4F heat exchanger -ahnhe storage

, r.

,

-*,"

,

water is, pumped directly to the heating coils or the allsorptiOn cooiing
, .

unit. I.

,

V
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Four con itions must -be avoided whe'ri using water for heat storage.,

They are:

-1. Freezing, in cold climates

2. Boiling, with resultant' buildcup 'of pressure

in' the system

3. ' Corrosion of the storagp tanks and pipes

4. Leakage
-4.

Because it is prohibitively expensive to provide enough antifreeze in

a water storage tank to protect against freezing, it Is recommended that*
the water storage be placed inside the building or underground below.

1 the' frost 1 ine. A storage tank inside the building is preferable to one
r

..underground. fleat ,loss from underground tanks is not recoverable for use-'

ful purposes. Al so' repairs, if-necessary, are easier on indoor tanks,

Boiling CarrAcCur inthc storage tank and provisions shoUld:be made
...

to prevent damage to the system or, to the contents, of the building.. Whiff

it is an 'uncommon occurrence for well -designedaystems during the heating

season,- frBqbent boiling may bk expected dUring the 'summer if the heat is
.

not used to operite a chiller. The Steam that is produced can be easily

vented outside the building to prevent pressure build-up in' thtank ind

to "dump" the heat from the .system; A pipe from the top of the tank to

the outdoors with ;a low pressure relief valve is sufficient. For a non-
,

pressurized system, a pres3ure.relief valve 'not required, 'but a float

controlled valve to provide make-up water in the storage tank should be*
:

provided. Frequent boiling of storage water will cause build-up Of

!

- mineral ,deposits with consequences in corrosion unless water softeners

are'used,

A *high temperature shut-off control on the collector pump may be

used with some collectors to avoid boil- r. Many' col lectors , however,

'

4
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4

are not designed to withstand the high temperatures which result from no

1

flow for an extendedperibd; thusJth.epitticd of stopping circulation

is dependent upon the type of coiJector that is selected.

Corrosion.is a,potential-problem yheneverLwater is contained in a

metal tank and the probability.of corrosion4eatly increases with

temperature.,g Fiberglass lining to 'protect-against corrosion and water

softeners will increase tiv life of the tank but add Costs to the sytem.
0.0

Corrosion often occurs at the pipe. connections to the tank.

ditSimilar metals are used, galvanic corrosion will result. Therefore,

neoprene rubber hoses should be used t6 connect
.

capper pipds to steelNi

%

tank"fitt-igs.
' N

Water leakage must be prevented because it can damage tank insula-

tionand'Other materials near the tank. Because there'is difficulty in

locating.a leak after it ulation is applied, the tank should be leak

-N tested With all fittings in place before insulation if applied.

PRINCIPLES OF WATER'dtTORAGE TANK OPERATION

Useful, heat is stored between a minimp.threshold temperature' and a

maximum critical temperature, which is usual y the boilThg point.. The

minimum tetperature is the lowest.useful temppiature that can provide

heat .to the load. For space cooling thi3 is about 180°F; .for. space

heating, 90°F; and for rvice water.heating, 60 °F. The maximum critical

couldtemperature is the bbiling point for a vented tank-and coul'd bg a higher

.

temperati'e for a pressurized tank. The pressures that will build up in

the tank at various temperatures above boiling .are listed in Table 6-2.

If the 'maximum allowable pressUre in.the tank fs 30 psi, for example,

the maximum allowablestoragetank temperature is 274°F.

n

157
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Table 6-3

. Maximum Critical Temperature and Maximum
. Allowable Tank Pressure

Maximum Temperature
(°F)

0

10

20

30

40

50

A

The top of the storage tank will generally bechotter than` the bottom,

. _

and the magnitUde of the temperature difference is a function of tank height
. l.

..
,

and diameter.' Any temperature stratification achieved is useful because

the lowest temperattre possible is,pumped to the collector, which improves.._

the Performance of thel,eollectors, and the highest,tempei-akure available

is delivered to the heating evils to heat the house. This arrangement is

illustrated in, Figure 6-1.

Collector

4

HEAT
fACHANGER

.Hottest Water
From Collector
Heat, Exchanger

Nk

rz)

L../eSt Water

Temperature to
Collector Heat
Exchanger

D Vent

Hottest Water
to Loads

-Return from Load
to Cold Part of
Tank

Figure 6-1. Operation of a Water Heat Storage Tank

158
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WATER TANK INSTALLATION

Storage units.are norma.ly the fi st of the5\ solar components placed

in the buil-ding during construction. Because of their size, it is advan-

tageous to install the tanks before the
ror

building is enclosed. Exterior

buried storage units may be installed after the building is erected and,

economically, the. excavation and concrete work for the stti-age-unit
Si

should be scheduled with the building foundation work.' Water storage

tanks should. be movable f buildi'g.because of the possibility of- .

future replacement. If a 1 rge access for the4ank.is not possible in

the building design, several- maller tanks may be nested together, or .

.

the-tank may be of a type that can beass.gmbled and disassembled.

The storage tdi1VI-hou.ld be welflinsulated (R-20 or better),.on all --A- ,

surfacesihcluding the bottom. Thy bottom is more difficult to insulate
.

because it_must withstand the ftlied'tank load (about 70,pounds per

square foot for each foot of depth, i.e., 420 pounds per square facit

for 'a six foot tall tank). Also; the insulation should preferably be

.moisture-resistant or-provided With ventilation air-spaces, as shown

in Figure 6-2, which illustrat s a practical tank bottom insulation

arrangement. The side and top" insulation, which may be fiberglass wool
4

or foam insulation, may be installed later, along wifh other equipment.-

The pipe connections s ould be provided with the tank. Leak testing

of all tank.connections is adv-fsable before insulation is applied.- Not.

only are leaks difficult o deteCt after being covered with insulation,.'

the heat loss through w t insulation is so large that it'is equivalent.

insulatioOk Sta dard pluMbing precautions should be exercised by

acing,shui-off valvhs at strategic locations to isolate

.

the tank, heat
, ._____

00.4001It p.4

.

exchanger,-pumpg, and other appurtenances. Drain connections should be

r. ,provided with a valve and hose connection, Neoprene (high temperature)
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"HEAT STORAGE
WATER TANK

CONCRETE BLOCKS

. SLAB FLOOR

RIGID FIBERGLASS
( 4")

EDWOOD 2X6

Figure 6-2. Bottom Insulation and Support Scheme for
Water Storage Tanks

rubber .hose.hose connection between the tank and the piping is advised to pr6-

- vent strain.at, the tank connection and to protect against corrosion where

dissimilar metals are used. A bulk head fitting, as illustrated in

Figure 6-3, is an alternative way of providing connections to the tank.

NUT
'TANK WALL

BULK HEAD
FITTING

RUBBER GASKET

Figure 6-3., Bulk Head Type ConnectiOn,

160
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'WATER STORAGE TANK-MATERIALS

Water storage' tanks mayibe made of concrete, fiberglass, or 'Steel:

The costs of these three tanks are nearly equal, at about qne dollar per

gallon of capacity, including the insulation.-
,

Concrete Tanks

Concrete tanks are durable.bOt difficUlt to install, Some prefabri-

cated units, such.as septic tanks and laFge diameter pipes, may be

assembled and used as wate storage tanks or they may be cast in place.

Although conductivit of heat through concrete is less than throdgh,

metals, concrete tanks should be insulated to reduce heat loss. A high

temperature sealant on the interior surface or a watertight liher is

recommended to prey nt,seepage of water through the tank,

4. 1*
Fiberglass Tanks

Fiberglass tanks are corrosion resistant, but have limitations with

regard to temperature. Although some fiberglass will withstand tempera-
.

turl over 212°F, Many commonly fabricated tanks will not tolrate

temperatures above 160°F. At high temperatures, the bonding resins in

the fiberglass soften and theqtaterial begins, to flow.:

Glass-Lined or Galvanized Steel Tanks

,Steel tanks are readily available and suitable for water storage.
; .

Glass - lined -or galvanized steel tanks, while costing more, may be used

effectively to reduce the rate of corrosion inside the tank.

V
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PEBBLE-BED STORAGE

lir
Solar heated air is paised directly through the pebble-bed from top

to bottom. As the air passes throughthe pebbles, heat is transferred
.

from the air tb the rocks so that the rock temperature rises. The cool

.air which leaves the bottom of the pebble-bed is returned to the dolled-

tors to be reheate4d. The top ofthe pebble-bed will be warmer than the

.bottom because of hot ai1 supply from the.colledtors. After sundown and

discontinuance of air circulation, the pebble -bed will maintain thii

temperature stratification jpecause'heat conduction through the bed from

. one pebble to another is'sMall.

The stored heat delivered to the building by circulating room
. .

air through the pebble-bed in the direction oppoSite that of the storing
. -

cycle, that is, from the bottomtoWardthe top of the pebble-bed. As .

.
,

,the col air flows through.the spaCebetween the pebbl;:
,

it is heated
,

and the warm ; air is recirculated to the roams. The bott m of the 'pebbrb-.

bed is always at the lowest temperature, usually room temperature, and

because.the coldest air is delivered to the collectors, the collectors
4

operate at maximum efficiency.

The hot end, or col lector suppipend, of the pebble-bed. is prefer-
,

ably theetop to prevent heat loss to,th6 floor. If the laybut reqvires

the h t end at the bottOm; two inches of rigid fiberglass_ board shouldtbe

placed under the 'unfit toireduce heat loss to the-floor.

t

PEBBLE -BED INSTALLATION
,

A maxiMum depth of abounix feet of pebbtevi's recommended.for

acceptable floor loading and air pressure loss, The pressure drOp also

-depends upon size and uniformity of the pebPjes:riAt a typical ajr
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velocity of about 20 feet per minute through five feet of 0.75 to 1.5

inch gravel, the pressure drop will be about 0.3:inch water gauge.

As shqwn in Figure 6-4, the pebbles are supported on a wire screen,

such as "expanded metal", which in turn is supported on bond beam bldc.ks

fOr maximum free area to air flow in the lowei' plenum. Coverage fthe

la
bottom by the supporting blocks should be about 50percent for light-

,

weight screen support. If a iltavy mesh woven or welded wir-e sthentis

used, the block spacing can be greater.

Cold Air
Connection

1-1,n. Concrete

Aggregate Conc. Cap Block

Rigid Irtsu)ation Bend Beam Block

Figure 6-4. Pebble-Bed Heat Storage Unit

N- 163.



. Although .hori.idfttaal his occas-iona,'Ily been* used in pelyaile-beds,

heat exchange effe-otiveneSs has been,lower than in vertical T...lidb.eds.

By chandelling of ,air flow across the top of the bed,' becoseotrthe

tenclency*ar warm air to -flow through theu4per part arilf cool' air through

a

af.

the &Atom., the effectiveness Of stratificaiion, is': impaired. If a h6ri-

zontal arrangement cannot 6e avoided; verticalbaffles Shouldbe4prfovided
:?*

to preveifit a "shoiticircuit" wan the rock settles... This arrangement i's

illustrated in,Figure-6' l_IiL . . . f e

4.

o 0
062

I 4

rTiguie Horizo4a1 Flow Pebble fed
% I

r;
.. pjBBLE=Et0 CO4TAI ARS , ' ,, .,,,7/

. Pebble-beds maybe conta'Aed iikod frame boxes', concrete block
.-, :- 0 'v

Nail s , oi cylindrical stteel bins. Wood framea bo4ces can be built ,in
. , .

cods

. . - .
place where access is limited. Steel vire or tie i,: should be placed,, . . .... t

. it . . , ,

-.adross.th.e. bbx to prevent lie's4es frowbulging undior the 07'essu e of
. .

, s. , . . . .

.... 0..
,the peblOs. Framing should be of construction grade 2x 41 on One fobt

-centers,. ' Orte -half inch' plywood can be used on'both sides of the 2-x 4
' . .- , ' . .

studs and, the space 'filled with three and one -hal filch: fliberglas roll

ti insulation. ,

.164
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3

dw,- St eel bins male n ent pebble-bed containers.. Th cad be

assembled by bolting ivea sections together on,the job site. 11 durab

caulking compound must be used at the joints'to prevent air leakage.

Two-inch foam ins0,10061.should be cut into segments and placed around
, A

, the outside of the bin.
,

Concrete' block may also be used. for the pebb '.ed walls. Steel

reinforcement,rods three-eighths inch (3/8 ") in diameter should be placed

acl'oss th6 bed every two to three feet to support the walls. Two-inch.
'

..rigid fiberglass insulating board shOuld be used-to.line theinside Of

block walls.

A concrete bin ti relatively'economial when constructed with 4

abasement Walls. TWo additional -walls in one' corner of-the baiement
,

,4- , 4

4

level owith) suitable openings, form the r:' bin. 'Rigid insulation on

ithNnside or outside can be added to reduce Uiermal losses. After.
, 2

filling, an insulated cover on a 2 x 4 fraMe then. be instal led.
.t...4

' 4t

ROCKS F.OR,THE PEBBLE-BED
.

-,

kt, ; ,

4

.

Any type of rock suitable'for-concrete Agivegate-can be used in

.1t4 pebble-bed. Size uniformity is, important in order to provide.proper

air flow though the pebble bed and graded gravel shodld not 'be used

One-inch Concrete aggregate is screenesi so that the sizesiary from

v.
.

0.75 tol-.5 inches and the, aggregate is,suitable for the ebble-bed.

The.pebbles shod)d be free of, fiues,and contrete agg egate is,

normallyacceptable. The-bed s '5uld be filled,by using,a chute so-that

fracturing will be minimized and 'damage to the walls and bottom of the

unit Will be voided.,, r,:!;44
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INTRGDUCTI6N

.

The.oldest and simpleSt domestic use of-solar energy is for seating
, . - .. .. .

, .
water. ..,Solar_hotowater heaters el./ere used in the United States-at lelst

1

.

75 yearg age, first in-4southern: CO if6rnia andolaterin southern Florida.
. ,

Although the use of solar water heate:rs.in thes,e regions declined during,
--,_ ,

-,

the last 40 years, use in Australia, Israel, and Japan has risen rapidly,
,

particularly in the agt 15,years.

In its simples -4r, a sbtr watfr heater Comprises a- flat-plate

water heatimg colrectOr and an insulated storage tank pdsitiOned at a

higher levkl. than the collector. These components, connected to the
f. .

% cold wat et main and the hot water service pi ping . .the pravide
.

most of the hot water requirements in a stony climate.- Nearly all of

the solar hot water systems used in the Uni4ed, States hav*been of this

type.

OBJECTIVE;

k. . l°
The objective is to choose, a particular arrangement suitakl.e fOr

a given location, size the system for a given collector type ed hot .

(water requirement, installPthe systeM, and be confident of satisfactory

-operation. From the contents of this module. the traine e should be" abl e

dentify the types of domestic hot Water'systems

, -,.*- avajldble, . %
. .

t , . . ..
i,- -s

2: Selee.t a domestic, hot v,Later system- for a particular' . , .

. "
location and apPlication,, '7, . - ;,..,

. 'S - . -%; . , .....
3: InVgrate/ a domestic hot .vater-system' into a space

, . . . - .,

,heating systemj r° ,. , .

%YIP
J.

,

4

7.

1,

i. 169
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44. Install and put into operation a-domestic hot water systeml

5. Maintain a-Aomestich8tc, water system.

.0
TYPES ANDCHARACTERISTICS OF SOLAR.HOT WATER HEATERS

-,,

o

Most of the solar water heaters that have been experimentally and

commercially used can 'be placed,in two-main groups:

1. Circulating types,' invol ving the supply of solar heat
,

to .a fluid circulating 'through a col4ttor and storage
. ,.

it 1
,

of hotWater in 'a', separate tank .C--
-1

2., Non-circulating types, involving the ase of water

ri

;

lb

containers that serve both as solar collector and

-P, storage. 1

circuJatirig group may lie died into the folloiring types *d sU b=types:

1. Direct heating, single-fluid types_in which the water

is heated directli in the collector, by:

a Thermosiphon cfrcul ad on- between collector and

storage '
, .

,,.

t:). Pumpedcirculatiqn between collector and storage

'2. Indirect heating, duafIlfluid types in which a non -t

, 1. a
A

fre'ezing medium4ts circulated trrough the collector
I -1" . ,.

,.. , .
- . for subsequent heat exchange with water, Alen:

, ,--.
. Hedt transfer medim is a non-freezing* '1 i quid -_

b. Heat transfer media -is air.
*

t" - .E I
; ... * :

DIREtT HEATIft; THERMOSIIYHON VCULAT,INGTYPE..: r
..--

The most common- typec:`ofscItar water. heater, used almost excl usively in : .
;,.low.

non-freezing c ates; is shown iri Figure 7-1. The collector, usu,afly,
et , . 4.

fr
I

o

7
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1 Cold

Figure 7-1.

Storage

Tank

Direct Heating Thermosiphon Circulation Type of Solar

Water Heater

sin=gle glazed, may vary in size from about 30 square feet to 80 square

feet, whereas the insulated storage tank' is commonly in the range of 40 to

80 gallons capacitik the hot water requirements of 'a family of four.

canosually be met by a system in,the middle of this size range,

ip a sunny climate. Operation at supply line p ssure can be provided if

. the,system is so. des'igned. With a float valve irk the storage tank or in

- r .

an elevated head tank,

sy,stem Is not designed.

from the loot: water tank

unpressuriZed .operation -can be utilized if the

fb: pressure*: In the latter case, gravity flow

I
to hot water faucets would have to be accepted

a

or an automatic ,pump v./Quid have to be 'proviOed in the hot' grater line to
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supply pressure service. Plumbing Systems and fiXtures fn,the United
41--

States normally require the pressurized system.

Location of'the tank higher than the top of the collector permits

circulation of water from the bottom of the tank through the.coflector

and back to the top of the tank. The density difference between cold

dr."

and hot water produces the circulating flow, Tgmperatdre stratification

in the storage tank perritits operation of the collector under'most 'Favorable

conditions,'ter at the lowest available temperature being supplied to

the collector:and the highest available temperature being provided to

-

service. Circulation occurs only when solar energy is being received, so

.

thefsystem is self-controlling. The higher the radiation level, the

greater the heating-and the more rapid' the circulating rate will be/ In

.
a typical collector under a full sun, a temperaturi.rise of 15°F to 20°F

'is commonly realized in a single'pass through the collector.

To prevent reserve circulation and cooling of stored water when no

1 solar energy is being received, the bottom of the tank should be located

above the top header of the collector. _If the collector is on a house

roof, the tank may also be on the roof or in the attic space beneath a .

sloping roof.

Although, seldom used in cold climates, the thermosiphon type of

.solar water heater (storage tank bove collector), can be protected from
,Ixow.

freezing,by draining the collector. To avoid draining the storage tank,

also, thermostatically actuated valves in the lines between collector and

storage tank must close when,frbezin threatens, a collector drain valve

mast open,and a collector vent valve must-also open. The colletor will

then drain,and air will enter the collector tubes. Water in the storage

tank, either inside the heated space or sufficivitty well insulated td

avoid ,,freezing, does not enter the collector during the period mhen



sub-freezing temperatures threaten. Resumption of-operation requires

closure of the, drain and vent valves and opening of the valves -in the '

circulating line. The possibility of control failure or valve malfunction

makes this complex system unattractive in freezing climates.

DIRECT HEATING:PUMP-CIRCULATION TYPES.

If:placement of the stor40 tank above the collector is inconvenient
.

_

,

or Ampossible, the talk may be located below the collector and a small
v,

pump used for circulating'water between collector and storage tank. This

. ,

arrangementis usually more practical than the thermosiphon type in the

_ft
United States, because tre collector wouldloften be located on the roof

with'a storage tank An the basement. Instead of thermosiphon circulation

When the sun shines, a temperature sensor actuates a small pump which

-circulates water throu,gb the collector-storage loop. A schematic arrange-

ment is shown in Figure 7-2., To obtain maximum utilization of solar energy,

Cold Supply

To- Hot

Water.Service

Electric Heater

Figure 7-2. Direct Heating, Pump Circulation Type of 3ojar Water #eater

173
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440.
control is based on the difference in water:temperature at collpctor

outlet and bottom of storage tank. Whenever this diWrence exceeds a - .

preset number of degrees, say 10 °F, the puMp motor ig-actuated. The

sensor at the colleCtor outlet must be located close-enough to, the

lector so that it is affectel by collector temperature even when the

pump is not running, Similarly, thd sensor in the storage tank should,

be located.in or near the bottom outlet from which the'collector ds

supplied. When the temperature difference falls below the preset value,

the pumpis shut off and circulation ceases. To prevent reverse thecmo-

siphon circulation and consequent water cooling when no solar energy is

being received, "a check valve should be located in the circulation line.

If hot water use is not sufficient to maintain storage tank tempera-

ture at normal levels (as during several days of non-use), boiling may

occur in the'collpotor. If a check valve or pressure-reducing valve

prohibits.back flow froMthe storage tank into the main, a relief valve

must be provided in the collector-storage loop. The relief valve will

permit the escape'of.Tm and prevent damage to the sys

DIRECT HEATING, PUMP CIRCULATION, DRAINABLE TYPES
t

If the solar water heater described above is used in f cold climate,

tt may be protected from freeze damage by draining, the collector when

sub-freezing temperatures are encountered. Several methods can be used.

Their coomion requirement, however, is reliability, even when electric

power Nay not be availabLe. One method is shown in Figure 7-3,4.

Drainage of the collector in freezing weather can be accompl'tshed

by automatic valves which provide water outflow to a drain (sewer) and

the inflow of air to the collector. -TM control system cah.be-arranged

so. that whenever the circulating pump is not in operation, these two
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3-WAY

, VALVES

VENT,

COLD
SUPPLY

PUMP ON AND VALVES ADMIT
WATER TO COLLECTOR WHEN:

T
c

ABOVE 40 °F AND

T
w

BELOW 180.° AND

T
c

10°F ABOVE T
w

VALVES IN DRAIN AND VENT
POSITIONS WHEN T

c
BELOW

40°F

COLLECTOR PUMP

1

6 Figure 7 -3. Solar Witer Heater with Freeze Protection by Autometid Collector Drainage

STORAGE
TANK
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k

AUXILIARY
HEATER
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valves' are open. To assure makimum,reljability, the.valvessliould
bre.

mechanically driven to the drain position(by springs 6r,other means),

rather than electrically, so that in the event of a power failure, the

collector can autoMa4ally drain. i
. A ..

-The drainage system shown in Figure 7-3 is actuated by the tempera-
:- 0fure'sensor, T

c' in-the.collector.' When the sensor indicates a possi- .

bility of freezing, it can open'rhe drainage and vent valves, thereby

providing protection.' The temperature sensor can be .of the vapor

pretsure type; with capillary tube connections to"mechanical valve
r +.

actuators, or of the electrical type where the valves are held open

by electrical means- ,.automatically, closing either when electri

failure'occurs, or at Joci temperature,

A Another-possibility for dra ge of the collector is based on use

of,a non pressurized collector and storage assembly as shown in Figure ,

..

7-4. Afloat valve in the stowe tank controls the admission of cold--,
',

',....

-.water to the-fank
.5 and a pump in the hot'water distribution system can, A

._furnisli,the necessarj service,pressure. /With this design,, the solar
.

, 4 .- .

collector drains into 'the storage tank nevr the, pump

operating,.as air enters the;collector.through a vent.
0

Start-up of any of the vented collector_systems mustLpermi,t the

OisOaceMent of air from the collector. In either the line-pressure
,

system or the unpressurized system, the entry of water into the

collector from thb shut-off valve or pump) forces air f rom the
*

collector tubes as long as the vent remains oppen. The went-valVe,

c'Aes,ign.can beOf a type which automatically. passes air but'shuts off

wben water- reaches it.

4.
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CIRCULATING TYPE, INDIRECT HEATING

pl

As can beInferred frorb the above diScussions-of needS and means for

collector drainage in freezing climates, costs and hazards are irolved

. with those systems. Thedrainage requirement can be eUlminated by the
.84I

use of a non-freezing heat transfer medium in the. solar Collector, and a'

heat exchanger (inside the building) for transfer of heat. from the Solar

heat collecting medium to the service water. The collector need never

be drained, and there is no r.-Wk of freezing and damage, Corrosion rate

in the wet collector tubes is also decreased when intermittent admission

.-qf oxygen is not required.

Liquid Transfer Media

. Figure 7 -5 illustrates a methol fOr solar water heating With a

liquid heat transfer medium in the solar collector. The most commonly
1,

.used liquid is a solution, of ethylene ,glycol (which is common automobile

radiator antifreeze)in water. A pump circulates thisfunOresurized

07solution,.as iythe direct water heating system, and delivers thxt, liquid

'to and thrbugh:a liquid-to-liquid heat exchanger. Simultaneously,

anothe'r,puMp circulates domestic water from,the Storage tank through_

'he excyanger,pack to storage. The control,system is essentially the

same aAha;in the design employing water in the collector directly.

. ,

, .

If the heat exchanger is located below the,. bpttom of.the 40age tank,
. ., ,

and if the pipe-iizes and heat eXchanger'destgn'are adequate, thereto-
.,

,siphon circulation ocwa,,ter through the heatexchanger can be used. A
,

* . . .

. small eXpansion\anis seeds to be Provided in the collector loop, pref-

erably

- ,

- .

. t .

''

near the 'high point of the system, with a Vent to the atmospittre.

"To meet most code requirements, the heat exchanger must...3)e of a
. ,

r4,
design such trot rupture or, corrosion' failure Will not permit flow from

s,
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T, VENT

DOUBLE WALL'

'EXHEATCHANGER
COLD,
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ANTIFREZE
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ti
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t Figure _7r5. Dual .LiqUid Solar Hot Water Heater

010''
-

4,

the- collector loop intpthe domes atlr,,eyen if pregsbre on the water

side of Ali; eXchanges drops below that on the'-ailtifreeze side.. A con-

.

ventional tubetand-shell exchanger would therefore ylot usually bt

rt-

' rat_

0' acceptable Similarly: a coil inside:the storage t through. which

l'''''
.' The collector,fluid is' circula.ted, would nqit he satis aftory. Parallel

.

tuitv lwith -metal .b5pds' between them, so that 'perfofation of one tube

could nol'revlein li'quid' entry into tfit othen'tube; would be a suitable
s

.

design. ,t+ finned tube air-to=liquj,d hea,t exchanger could also, be used by

circulating the7two liqui'ds-through. alternate rows of tubes, heat strahsfer

%
13eirig by vinduCtion iiirOgh the-fins. .

- Although aqueous solutions' of :ethylene glyCbl and propylene. glycol

appear t& be most practical for solar energy collection, organic liquids

- --,----

, .

,,

1 81. .

. f,

a

..)

.4
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.ej

suCfi As Dowtherm J'and Therminpl 55 may be eflployea. Price and viscosity

are drawbacks, but Chemical stability and assurance agains.i boiling-are

.Zdvantages over the antifreeze mixtures.
,

Solar Collection in'

In. aeimanner4imi 1 ae tag iha t described imme'di ate above, sol ar energy
4

.

can be employed in art air heating lector with subsequent, tranSfer3to

4L., or .
domestic, water in

'
an air-to-water' eat exchanger. Figure -7 -6 illustrates

f

a method for employing thiS%conCept. A solar air heater is s0161ied with
.

air front a blower, the air. is heated by passage thrbugh the collector,
.

,

: '. , , , .

arid the hot air. is cooled in the heat exchange/ though w domestic

. , r 1, .

water frbm a storage tank is either. being pumped of ismcircul6ting by
.v

% .

thermoSiphon action. Air' from the heat exchanger is recirculated to,the

collector. Diff;T-ential temperattire control (betweeniko13ector and stor:
.

age) is employed as in the other systemsdescribed: Adyantages of the air'
1.

AiA HEAIIUG4'

COLLECTORS
s DUCT 601L
HEAT
EXCHANGER

:

'COLO
SUPPLY --

TO H.W.' SERVICE

%r A-
.:-

V

AUXILIARY
HEATER

*

A BLOWER

'ON FOR Tc OF ABOVE Tw

OFF FOR Tw ABOVE 180°F

. .

r g u ee 1. Solar Hot Water-Heater with Air Collectors
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heat transfer medium.are the bsence of corrosion 4A the col4ector Toop
. :A

f eedtm from oliquid leakage; d- freedom from boiling and loss of collet-
,

.. ,
. ,

fluid. Disadvantages a e the larger; conduit be: 'en collettor and
*6.

h at exchangel:, higher p ecobsumption for circulatiorL.and slightly
- : I

larger collector surface requirements. -.

. /

NON-CIRCULATING TYPE._
. t

.
.

' Although prIbably,orlittle potential interest !fri tile Ated States,
-.

a type of solar laterheater;extensively used in Japan invoives heat ..

.
.

'collection and, water storage in'the ,same unit. The most common type

comprises a s et of black plastic tubes.abouf si, inches in diameter and

- everarfeet long in a glass-:covered box. lltuallY mounted fn a;tilted

7

sition, the tubes are filled each morning with vateN4n'Whith
. . .

.,.

soiar.heat it colletted throughout the day. Theoffilling can be accom-
N

jlished by tjloat-contralled Valve and a small supply tank. .late in

water

t
the day, hedted can be drained froM the tubes for household use.

In. ypic&1 JapaneiejniIallations,rnon-pressurized hot water service is.

'thtls prOvided. Heat lass frog the system is suffidiently high at night

.that hotliater is usually natovailable'until several hours after sunrise.

e$` 1

1.
I,

V
,

A
-

.", i ' r
$

1
.

4 ,

'40111:, ,..4, AUXILIARY.H'EAT -, .

,
, P.

4;)
.4 -

.

v
1.

,
.

A. A depen le supply of hot waer.require S.the'availability of .

.

_ . --
t . .

auiOljary he t for suppleMenting thp solar source, ,The numerous methods'.
r.----,,....,,-.

.
.

4

.'Thf.providiag auxiliary heat vary incost 'and effeettvedesS. A geheral
, ...,

/ .
,-$ , / 't, . ...A.. . .

,

." or,nciple for maximizing solar supply and minimizing auxiliary user
, ..-

, e . t
,

' .
,

,

tlt. ..l

..! . .

.
the avoidance of direct or indirect 7aUXiltary heat input tolhe fluid- .,

...
, .

. ,
. ,

'4$

e.
4_ .

t ,..

. J.,
tf ".
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_ 'entering the solar collector. ,If'qauxiliary heat its added-to the solar

.

hot water storage, tank', so that the telliperatu44, of, .the liquid stipp1ted

r
o

7*-14,/,

to the collector is increased above that which only the solar system

.e.*' .. 4
. e 1, .

would-_,. rovAde, efficiencji,is r duced becauSe of-higher heat,losses from
, .

4..
, .

the to)lec,tor. Thus, auxil y heat.should be added at a Point.,tieyond

___ ( .. .

!ifi

downstrep from) the sol r collector - storage system.' Figures 7-3 and 7-4 -.'

, .

4*

show aconventional gas -fired hat water heater being supplied-with hot
, .

water fr:omHthe ar tank tWhenever ahot water tap is 'opened): Any.'

, ,

deficiency ,inn n temperature is made up by fuel.in'the thermostatted conven-
,

tional,heater. Alternatively, a "fast response'', in-line,heater can be

employed. it is evident th
o

_cannot adversely affect the opera

/
.

iliary heat supply ip the designs

n of the solar system..,
t ", . - .

Another way in which auxiliary heat can-be used wtthoilit reducing solar
_-..i--

" ... ,
- .._ ,

c lection efficiency is by electric resistance 'hea4r-S in the kipper portion
. .

/
, .

. :-:---.(',

of the solar storage tank, as shown in Fi-ure 7-2:17emperatu,ne stra,tifi(a-

\S.tion i,r) the tank, accomplished by bringing old.water from the main.into

theibOttom and by'Circulating through the collector`ft=oM the tottorifof the ,

..
. . , ., , , .

tank to,,the upper portion of, the tank','thereby'prevents auxiliary heat
* ,

. .

... .
.

.fr4m increasing
,

the temper/iure'Of the watv suppliedto the ollector.,

Watei- returning from the'collectO may be brought into the tank'well below

the level of the resistance heater, W shown by the.46hed line), so',that"

, the hot supply is alwais ava4lable at the,thermostatted temperature. In,

effect, the two tanks, shown in,Pigures N3 and 7-4 arecgmt;ined into one,

.
. .

..with temperature stratification'providing.a separation. The total amount

_ .

, .

of storage is, of'courSe, reduted unless the one tank is incredSed'in size:

"'relatively high temperature water,is desired, there'may be ap undesir-
. . .

able influenc of,,aUxilideysupiitry On c
..N

ollector effic4ency because. 9f. somel::'

mixing :in thV,ktank.
'

. 44

^ e

t ,

/ lie; III
4,',
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Although the description of the above systems refprs.to direct,-

.
circulation of water throtigh the col lec.to, the same factqrs aDply, to

the-sys terns involving heat exchange with afitqreeze solutions or', ik

.circulating %through fhe collector. .In all cases, .auxiliary heat shOu)d
te.

be supplied downstream from the solar stol-age tank, regardless of whether

the water itself is circulated through the collector or whether heat, is

111.,,O

exchanged between,the domes is water and a s- olar heat transfer fluid,.
.

. .
CATION OF COLLECTORS 4 4

. . .

If the 'slope and oridttation of a roof 'is suitable, the most ecorrom-

ical location for, a solar collector in. a residential water-hating system

is on'tke south - facing - portion of the roof.' The-cost Of astructure, to

support the Collector is thereby eliminated, and pipe or duct connections

:.t.6 the- canvesptional hot water system are. usually co'nve'nient. In new
. -

dwellin'gs, most installations can be
2

on the house roof.. Even *I

in retrofi tting existing dwell ings'.with solar141er heaterS, a 'suitable- ,

.1,-
. .

,..,
roof location can usually,,be prov,i' ded. , ,

'-. . . . .

If the mounting of Collectoi.s_orahe roof 14s ippractial, for eniof'

several reasons, a s\parate structure adjacent ft) the house may be used.
4

, A sloping platform supported -on a suitable foundatibn. can be the base for

the collector., Pumps, setqrage !tank, and heat exchsanger, if used, can be

located ins'd the dwelling., Effeti,ve insalation ich 'ducts and -pipcng

musk be prrovidea, however, so th.at'cpld'weathef operation will not he

handicapped by, excessive .heat lOss'es. In .cold Climates, colt actors in' ..
. ., -.

which water is 'directly heated must:pe.locate&S'o that drAfna:geofthe' ,

4 -, . , ..

'collector and exterior pipirog can be dependably and effec,tively, aecOMplished.
,

., . .

4 , I 7 1 5
a
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TEMPERATURE STRATIFICATION IN SOLAR HOT WATER TANK

,s,

. 'As i temperature"a conventional hot water heaterthe temratuYein the upper

part of a solar hot 'water tank will normally be considerably Higher than

: at' the.bottom. 'The lower density of hot water permits this stratificatiOn,

provided that turbulence at inlet and outlet connections not excessive.

. The supply of'relatively cold, water from the bottom of the, tank to the

collector permits the- collector to operate at its highest possible effi-

1

cienty under OA prevailiag ambient conditions. With a circulation rate

,e ...-. 4

,such that temperature rise through the collector of 15°F to 20°F occurs,
4

,

the lower part of the storage tank-is furnished to the collector for

maximum effectiveness. If not much ho 4 water j,s withdrawn from the tank
_

during e'sunny day,the late'afternoon emperature at the bottom of ah

80 gallon tank cOnpected to a 4.0z-o 50-square foot collector may be well

.

above 100°F -- even approaching the temperature in the top oft the, tank.

Collection efficiency thus var+es throughout the'day, depepding not only-

on solar,avail4bility but also on the temperatureof water, supplied to the

collector from the tank bottom.:

TEMPERATURE. CONTROL, LIMIT°

4
In addition to the differential temperature control desirable in most

.

klar.water heating systems (which Sehse temperature difference between

collector and storage), protectionAagainst excessive water temperature

lay.be necessary. Several pOssible.methods cad -be used. In.nearly all

types of s'stem , whether direct heating of the potable water or indirecV
1

.

k heating throu'gh a heat exchanger., a,thermostatiilily controlled mixing
. ...

/

valve can be used to provide constant temperature water for!household use'.
. .

, )

i, 4IP
,

186--
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'4.

Figure -7-7 111.15(strates one method by which this type of temperature

.control can be accomp lished. Cold water is admitted to the hot w4er
.

'line' immediately downstream from the auxiliary heater in sufficiint

proportion to secure the desired preset temperature. The solar hot

water tank is allowed to reach anytemperatureatfainable, Mid the

auxiliary heater furnishes- additional energy only when the auxiliary.

tank temperature drops' below the thermostat set point. Maximum solar__
,-- .

heat delivery is thus achieved, solar heat needs to be discarded

except .that which might sometimes, be delivered when the main storage

(preheat) tank is at the boiling point. Any additional solar heat col--

lected under that condition would be dumped through a pressure relief
- ,

valve, steam escaping to the surroundings. Figure 7-5 shows an optional

second mixing valve for control of delivery temperature by admitting

regulated amounts of solar heated water into thg. flow from the .auxiliary

heater.

Cold supply
Blow off valve

Figure

AlW

;Hot.water
service

0

Direct Solar Water Heatiq withiMfxing ValVe.

4
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A'steam Vent from the solar hot water system involving 8dval liquid

design, with heat exchange, should norma,114be in thehot water loop

rather than the collector loop. Loss of 0,41ector fluid by'vaporiiation

is thereby' avoided. It is necessary, however, in this'design,; that the

collector tubes 4nd associated bepiping ,capable of withstanding pressure
.

at 2east as .higfi as developed when the steam vent .valve in the storage

`loop is actuated.. If, for example, the blow-off valve in the.storage

circuit is set for 50 psi, and if the collector loop containing 50 per-

cent ethylene glycol normally operates at a temperature-20°F above the

storage tank temperature, pressure in the collector loop Would alsobe.,

about 50 psi when-the'storage tank vent is actuated. _(Approximate

. equality of-=-Oassure IS due to similarity between boiling point,elevation

and temperature difference in the heat exchanger.)

An alternative to the high pressure collector capability described

'above is available in the form of a organic heat transfer fluid having

a high boiling point. DoWntheht 3 or Therminol-55 have boiling points
. .

abbve 300°F, soif one f these fluids :is-used, the dev'opment Of,

,pressure in the olle for loop would not occur, ev'Fri when te.,stiorage

system is venting syeam at 50 psi. ThtAtption appears considerably more

Aprattical than the firessurizedtoile4ir,kequired with aqueous systems

iflhe dual-liqu10 design is utilized /V"`;
Still another options for,high-tOperatur&protection is available if

the collector is. used aS,a heater' for thigh-boilingsorganic.liquid or

;for air,: To prevent the storage tanrom reaching a temperature higher

tlandesired, a limiting Xrmostpt.in that tank can be used'simply to
,

, . , .4
,

, . .

. .

discontinue circulation of the heat transfer fluid (organic liquid or air)

%6 though the i.ollector and heat exchanger. No additional. heaths therefore

,

issiratgd in the formof Collector heat° loss. The'collector temperature,

.

_4

18o

.4
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rises substantial ly, frequently above 300°.F, burl f properly designed;
440 c / .

the collector suffers no damage. Ti*s system is probably the safest and ..
Y......4- 0 . .

. - (

most dependable o.f these herein described. With a reliable *mit switch,

in the storage tank, there can be no .dangerous pressure developments

anywhere in the system. 'In addition, there i s no loss of water ( in the' .

.

form of steams Sven then there .is no u,se of hot water, for long periods.
,..

. . ,
.I.f the not watericoN water mixing valve downstream from thei .

auxiliaiv heater is-not_used, a temperature liniit control in the solar

-storage tank call beset at the maximGm desired temperpiure of service hot
. . a

Water. Water, therefore, cannot be -delivered at any temperature higher

than the set point'in the'solar storage tank ooh the set point in the

auxiliary heater, whichever, is higher. Less, solar storage capability
(11 -

would' be involved in this design, however, because 'the sol ar.Storage

tank 'Is prevented from achieving higher. temperature even wh.en4solar

energy is available._.

.tein a direct. type of solar water heater oper"ating at service pressure,'

with potable water circulating through the collector, a venting valve, is

- provided near the top of the collector. It Auld have to be set for

release at a pressure several pounds higher than the maximum in -the ser-
,

( vice supply, SR the collector storage system must withstand. pressure

usually above 50 psi. OcCasional water loss through venting of steam

would be expected: -4

If a non-pressurized direct type of solar water heater is used, with

a float valve in they storage tank, the pressure relief valve can be set

to. operate at a pressure only slightly above atmospheric. Al ternatively,

the collbctor or storage to k may be continuously vented. Oversupply or

under-use of solar heated w ter results' inThoiling and yen ing of the

storage tank.

189
4IP
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, PERFORMANCE OF TYPICAL SYSTEMS,

GENERAL REQUIREMENT.S ! a
1-4111

A typical_ family of four persons requires, in the United St4tes,
,.

. ,

_ .... .

411 about go gallon$ of hot water perms day, At a customary tuPplg temperature

of about 140°F, pe1amount of heat required ifthe'eold i.nl et i s at'i60 °F
. .

is about 50,000 Btu'per day.
.

There is a widJ, variation_in the solar availabity from region to-
,

.

region and from season to season in a pailncular Vocation,' There are
t. I' r:

.L. .
,

also the short-term radiation fluctua tions dug to clOudiness.and
th1

e
. 9

'.. :
day-night cycle.

.

Seasonal variations in solar availability result'ina 200 to 400 per--

.

cent difference in-the' solar heat supply twa.hot water system. In the

winter, for example, an average recovery-of 40 percent of.1200 Btu of
. -

solar energy per square foot of sloping surface would require approximately

100 square 'feet of collector fa the 50,000 Btu average'daily..requifemp
.

Such a design Would provide essen tially M1 of the hot-water needs on an

average winter. day, but woad-fall' shor't on days of less than average

sunshine. By canteast,,a 50-percent recovery Of-an,average sumnrr radiant

supply of 2.000 Btu per squgl:reriot would involve the need for only 50-4 '
it ,- .'

square feet of collector fOr satisfying the average hot water'requirTents..

. 1

It .46 evic4nf that if'a 50-Auare-foOt collector were installed, it

.could supply the major part, perhaps' nearly:all, of the summer hot water

ft iquiremen s, but it could supply less than half the winter needs,. If,

Ilk ' ''
.

, : '
.

.

on the other hand, a 100-square-foot,collector were employed in order.

Oat winter ne ds could be more nearly met, the System would beMlersized
, ,

as r.
,

for summer operation and'excess solar heat would-have to be wasted: ,In .

...,

.

... ,

such circumgtances,,if an/equeous collection medium were used,,boiling of
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4

. , the system wouid- octur. and collpctor 'or storage venting of steam would,

have to 6e provided.
\The more important disadvantage of Phe ovIersizfed coil ector (for: -

summer operation ilt the economic penalty associated with investment

in,a collector Which ig-not although the cost of.the

100-square-foot cpl-lector wduldgbe approximately double that' of the'50-.:

'square-foot unit, its annual useful heat delivery would be cOhsiderably
r.

Tess than double. It would; of. course, dei iver about' twice as moch

heaiin/tia.A.ewinter season; when nearly all otit could, be used',

- in the, other sea Sons, particularly

The net effect

investment, by

of these factors i.
$1

the larger system.

if summer, heat overflow would bccur.

a lower economic return; per, unit of

Stated another way;iiioreetti, 'Def.

It dollar of investment (hence cheaper solar heat) can;-'be del ivered by the
. .; .. .

smaller tsystem.- /
P\

As a conclusion to the above example, practical 'design of solar

Wate?' heaters should be based on desired 'hot water output in the sunniest .

. e

month's- rather than at some Other time of year. If b ased on average fiaily
,,

ridiakizion in the surliest months, the unit, sill be' slightly oversized

and a small amount of heat will be wasted on days: of maximum solar input.

And quite naturally, on partly Cloudy days during the some

L

auxiliary heat must bliprovid ed/ Id the month of lowegt average sitar ,,
energy delivery, typically'one-half to one-third as 'niCa solar' tleated$ --

-,

water can be%supplied,- or actually the same quantity of water but with a "It
temperature iArea4e above inlet only one-:half to one-third as high .

Thuslefuel requirements for iiereas'ing the, temperature of solv heated ,

water to 'the desi red (thermoNtted) level co.u1 d invol 'velne-hal f to

two- thirds - of the total energy needed for hot water -h6a.ttng Mi d-

"""
winter month.

C

1.

Or
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I

QUANTITATIVE PERFORMANCE

Although hundreds of thousands -of solar loter ,heaters have been used
Q.

in the United States and abroad, quantitative perforlmance data are.extremely,

limited. In households where no auxiliary heat was used, the solar system,

probably supplied hot water most of the time, brit failed during bad weather..
1

If booster heat was used, hot water was always available, but the relative
A

contributions of solar and auxiliary were seldom measured.

Ih a few research laboratories, particularly in Australia, some ana-
,

lytical studies of.soIir water heater performance, confirmed in part by

experimelital measurements, have been performed. More recently, analytical

'studies at the University of- Wisconsin have been carried out. Tible 7-1;

4

based on an Australian study, shows the performance of a double7glazed,

r ,45- square -foot solar water heater in severa.kregions of the country.

Variable solar energy and ambidk temperature throughout the year result'

in 1.4 to 2.5 times'as much solar heat supply to water in summer than in

. winter.. Climatic-differences produced a solar heat percentag44angipg

from 60 percent to 81 percent of the annual total hot water requirements.

Table 7-3 shows monthly performance of the same system, in Melbourne,

Australia, with average collection efficiency varying between29 anif 40

percent of4 .tncidept radiation. Variation in inlet, outlet, and,ambient

O

temperature in a typical thermostphon type of solar water beater is shown

ip Figure 7-8.

In a Omulation'study at the University of Wistonsin, hot-water

usage was prograpmed for, a hypothetical residential, user. The results-

show only slight variation in solar heat utilization at several use

schedules and vindicate only minor influence IfiLtorage temperature
IF%

stratification on collector efficiency.

192
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Daily Means for Twelve Cdnsecutive Months of Operation of Solar ,Water Heaters at yarious Localities

Location Brisbane*.Adelaide
[

1 Canberra DeniliqUn Geelong Melbourne 'Sydney

Hat water discharge )". (gallons, US) 54.2 )4.6 51.4 50.9 50.4 54.6 53.9

Ele4trical energy consumld (kWh) 3.5 , 2.5- 1.4 2.5 3.8 '4.6 4.4 '.

Cold water temperature (CC) - 17.7 ' 21.6 ..12.7 16.8 15.9 '16.1 16.6

Hot water temperature ( °C) " 4.58.9 , 56.4 58.4 60.3 - 58.7 57.4 57.7

Energy equired to heat water' (kWh) 9.8 8.4 10.3 9.7 9.5 9.9 9.8

Heat loss from storage tan (kWh) 2.2'4 2.5 2.5 2.2 . 1.9 .. 1.9

,

Total energy consumed (kWh , 12.0

,1.9

10.3 12.8 12.2 11.7 11.8 11.7

Solar energy contributed (kWh) . 3.5 7.8
,

9.4- 9.7 . 7.9 7.2' 7.3

Solar energy contributed ( %%) 7 71A 76.0 73.0 81.0 67.0 ' 61.0 .62.0

Solar: contribution best month ( %) 99.0 94.0 98.0 100.0 92.0 95.0 70.0

Solar contribution. worst month (%) 47.0 57.0 43.0 57.0 45.0 .0 51.0

Ratio best to worst . 2.1 , ? 1.6 .2.3 1.8 , 2.0 2.5 1.4

* Hail screens suspended above the absorbers.

** Water di sArged, al 6:00 a.m. "daily

Double-glazed, flat-black, A5 square foot solar collector tilted toward equatorat

latitude angle plus 2.5 degrees. Storige84 gallons (US). Thermosiphon circulatipn.

o correction made for reduaion of absorbing.area.

Electric auxiliary heat.

4 194
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Table 7-2

SoW7-6ter Heater Performance in Melbourne, Australia.

Month

... -.

Insolatio
on Absorbar

Mean Daily,
Supplementary

Energy

Mean Daily
Solar Energy
Contribution

System
Efficiency

Btu/ft2 day kWh Percent kWh Percent

January 1 1630 75 Ei.9 _______-1-40' ---

February 2220 0.5 :
9-..-5r---. 32 '

March 1690 2,-; 74 7.4- 3,7 ;',

-
(

April. 1240 5.2 52 5.6' 34
.

- I
May 1290 6.2 47 6.5 32

June 1220 7.7 39 4.9 30 :-

-July 1290. 8.1
_

38 5.0
..

29 '

.

August 1530' 6.1

., .

50 6.1 30
. .

September 1600 4.9 59 7.1 33
_..,

' 3.9 *
67 32--0.o.tabe,r,__________18.6_a .7.9

November 1880 3.7 -
68 7.9 32

i

December 1790 3.54 72 9.0 38'

.. Year 1610 4.6 61 7.2 :350

CO

A
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MELBOURNE 21-4 -55
BRIGHT SUNSHINE

1 4 0

120
u.
0

100
CC

80t7.7
t4..

1.7-1

60

40

ABSORBER 45 sq ft

TANK .70 'IMP gal,.

ABSORBER OUTLET

A EISOiR

INLET
BER

max

4 *.F2 AMBIENT

_ 8 10 I 1 12. r 13 14 15. 16

TIME OF DAY hours

Figure 7-8. Absorber and Tank Temperaturei. for TherMosiphOn Flow

During a TypicD Day

to

5

7

In summary, the normal output of Well- designed 'solar water heating -

systems can Abe roughly estimated by assuming approximately 40 percent solar _

collection efficiency., Average monthly solar radiation Multiplied by col-
.

lector area and 40 percent delivery efficiency can provide a rough measure

of daily or monthly Btu del ivery: The total Btu requirements for the hot

water supply, based on the volume used and the temperature increase set,

. -

then serve, the basis for computation of percentage contribution from solar

'and the portion required .to be supplied by fu;1 or electricity.

-Sizing the Collectors

. The curves shown Figure 7-9 may be used to estimate the solar` col-,

lector size required for hot water service in residential buildings having "A

.typital hot water systems. The system is assumed to be'pumped-liquid type,
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I . ,

.
. .

with liquid-to-lipuid heat,exc, hange, delivering hot water to scheduled
. .5,

residential uses from 6:00 a.m. until midnight. The shaded band represents

results of computen calculations for eleven different locations in the

United States. The cities included in the study are-Boulder; Colorado;

Albuquerque, New Mexico; Madison, Wisconsin; Boston, Massachusetts; 6.10

Ridge, TedneseeCAlbany, New York'; Manhattan, Kansas; Gainesville., Flonida;

'Santa Maria,'California;,Si. Cloud, Minnesota; and Washingten, D.C. :The

'separate curve-above the shaded band.is the result for SeaWe,'Washingion;

and is distinctly different from other areas of the country'. The hot water

loadS used in'the coltputations range from 50,gallons per day (gpd') to.

'gpd. The sizing curves are approximate and should not be expeCted to yield

results closer than 10 percent of actual value,

' 0.8'
o.a

to

o
3 0.6

c.
o

, Il-
e OA
u.

0
C

:4=t
0.2

F.

Tilt Latitude

S =Mean January Sola-r
Radiation on a',Horizontal%--

Surface, Btu /(ft2)(day)

L = January Hot Water Lotd,
Btu/day

,

'

0.2 04 06 I) 8 o.

SA/L

12 1.4 1.6 I8

i%

20

Fire 7-9. Fraction of Annual-Load Supplied by Solar as a Function ,
,

of January,Conditions for Hot Water Heat ers°
%
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The vertical axis show fraction of the annual water heating
jr

load supplied by solar. They horizontal axis shows-values .of the-Ora-
.

A
SA/L, which involves the average daily January radiation on a

horizOntal surface, S,;..the required collectOr area, A, to supply a

certain pei-*centoge of the dafly hbt wat.eFload, L. The January average

daily total ragation at loca.6Ons in the,United States an be estimated

from the radiation Tap in Figure l-lp. lialues on the: map are given in
- 4

ptu/(ft2)( (day) . The curves are not Applicable for values of f greater ,

\than 0.9.

It shoUld be remeMbered that the service hot water load will be ,

nearly 'constant throughout the wear-wkiile the solar energy collected will

r.

vary from season to season. Alsysterii sized for January, with collectort-
.

k

tl
1

ited at' the latitude angle, vill, deliver high temperature water and may
. i . .

I \
even cause boiling in the sumer. On the other hand, a system sized to

meet the load in July will no_ilt Trovidela'll of the load in the winter
. ,

merfit-h-9--Or-i-en-t-o-tion of the oca-1-1.-ecrtqr 4a41--pa-r-t-4-41-y_ouercorn

I.

month fluctuations in.radiation and temperature.
...t . l

. %

Sizing Examples
.

,

II
Example 7-1. Determine the approximate s ize of collector needed to

: ,..

--7pro-viEiJe--hot water for a family of our in a residential building in

.,.. 4 -

.- Kansas City, MWouri.

Solution: The average d ily service hot water load in'.

January is

L =80 gal lonsid#y ki8.34 pounds/gallon. x A Btu /(lb)( °F)

-? (140°F - 50 °F) = 448 Btu /day

The desired service water terilperature is 40°F and the temperature of the
1 .

Cold water from the ,Main is 50°F. TheItoilal average solar( radiatdon, S,
. -
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available in January from Figure 7-10, is 680 Btu per square foot per
4

For a water system to provitle 6Q percent of the annual load, from

Figure 7-9, SAIL is about Therefore:

-or ,

A = 0.8 x. LAI = (0.8 x 60048)/680 = 70.6 sqtiare feet.:

If 3-by- 8 -foot collector modules' are alai 1 abl e,. 2.9 units would be

required. Three collector units should therefore be used.

4

Example 7-2. Determine the size of collector needed to provide hot

water for a family of four in Albuquerque, New Mexico.
1

Oplution: The monthly lOad will be approx imately the same
. ,

as in, Example 7-1:

L =.60,048 Btu/day

From Figur-e.7-10, S = 1115 Btu /(ft2)(day). FOr a system to

provide 60 percent of. the annual load, Figure 74.9 shows that

SA/L is appr=oximately 0.8. The cDllecto'r area required' iS:

An.= (0.8 x 60.048)/1115 = 43.1

Using. 3-by 6 foot collector modules, '2.4 units would be required for this
*

system; either two or three module's shpuld be used. If two-modules are

used, the system would Oe expected to provide less than 60 percent of the

annual load.

COSTS

The cost of installing a solalr,water heater (exclusive of the hard-

.

warq may range from about $30 0 far- a systerwith eroof-mountedc011ectort

/ to over $1000 for a collector mounted on a stand' adjacent to ,a house. In

a recent procurement of several types of solar water, heaters for ground

mounting next to 'existing houses, an electric' utility company spent $1500

to $2000 for each system, including hardware, and totally installed.

_201
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. ,,

4

A
NOn-freezing collectors of about 50,square feet, 80 gallon water tanks':. . 4

.e. ,

. pumps, fans, and controls were included. 06 ,
.

A solar collector manufacturer has announced t.pe availability of a

solar water heater upackige" havinga. retail price of $999. The package
f '

. t
consists of a 40 squa'e foot drainable collector, an 80 g lon 'storage

, ,.
tank, pumps, and controls. Inst4llatiOn and hook-up to-the conventional

. . ,
4

system are not included.

As designs are s,tandardized and manufacturing volume increases, it
.\"%4'

may be anticiptak-ed th,at the total. i-hstalled cOst of an %average-sized
4

i
residential sollr water heating system will be less than $1000. Assuming

acollector area of about 50, square .feet and a' reasonably sunny cl.imate;'

this unit should be ,abl e to del iver at least 250,01 Btu per square foot

of collector per year for a total of 12.5,million Btu annually. pith an

average daily requirement for 50,000 Btu of, heat for hot water, the 18r
million Btu annually required-could be two- thirds solar.. If electric heat

at''fji:te cents per kilowatt-hourabout $14- per mill Bey is tieing .

replaced, an annual electric aving of about $175 is achieved. A sipoo
... e q

solar Ater heater could thus pA.) for itself fromelectric savings in
.

about six years. Or, if conventiopally financed at 8- percent interest,

an annual
...

cost of interest prius principal of,`,say, 12 percent, or $120 pe-r
,...

year, would be less than the el ectric savings by something over $50 per

. .

year. This favorable economic comparison for solar water heaters is

applicable now in many parts of the country and should prevail very .

/ generally in the next few years .

. 9
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INTRODUCTION

Solar heat, from theTcollectors d the heating demand for a build-
,

ing are not [al yin balance. ;-Consequently, mechanical equipment is' .

required for proper comfort contret The central ,comporient of, the solar

.

system is the. heat:storage The heat storage 'unit Teceives heat
0 ;

''
:...from the collectori. When, the solar -heat exceeds the heating loala and

4

delivers heaf`'.to 4,-droons-when the heating load exceeds the solar heat

available from tRE' col le6tors. When solar heat has.bee :depleted from

VI
t -

' storage, the a uxi 1 i pry. LAO 1 ear or tfurnace - supplies to, meet the

.
i_.

heating load. The system bould be easy to operate, require little
,, ./'

*':-

maintenance, and proyide the comfort level demanded by t,occupants
,,

. in the building.

fir
t

OBJECTIVE
. -

The--objective of the trainee is' to, be able- to choose, install ,..

16 operate, and mainf,dh,a solar space heating System.. At the end of I
...

-,this module the trainee should be able to:'

1. Differentiate between . -air and liquid systenis,

2. "'`Select an'dspect/fy the components' of a solar heating

system,,

ar . 0 , .

3. Discffss the use of an auxiliary eriei'gy source,

. . ...
.

,

4. Describe the different modes of operation of a solar

;,.t .

space heating system,

"A.

0

I
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rH
SOLAR SPACE 'HEATING SYSTEMS

The basic arrangement to accomplish Solar space heating is shown

.in Figure 871(a) far,a liquid system,and 8-1(b) for an air system. By-

C

positioning the three-way daMpers (or valves)and controlling the blowers

(or pumps) on or off, three "modes " of operation are pvtible:

1. Heating the building directly'froM the colleCtors
; P4

a, 'Heating the storage unit from the collectors

3. Heati6g the building from the sora.ge

3 WAY VALVE

TO ROOMS

STORAGE

UNIT

DISTRIBUTION
PUMP

COLLECTOR 4
PUMP

C

(a) Liquid System

FROM ROOMS

3 wAy DAMPER s,

'10' ROOKS..

(b) Air 'System

DISTRLBUTIO
BLOWER so

. FROM ROOMS

1

ure 8-1. Basic Arrangements fot. Solar Space Heating Systems

2101

s'

1
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a ',water system the collection'and distribution circuits.,may'each

be connected to the water storage tank and the three-wayd valves may be elim-

inated (Figure 8 -2),. The t free modes are obtafned' by ton and off control'

of the two pumps..

DISTRIBUTION
PUMP

COLLECTOR
PUMP

-S.

40,

\Figure 8-2: Water System Arrangewent for Solar,Space Heating
, \

;ricd there are periods when neither the. collectbrs nor the storage
NI 4

unit can meet the demand for heat, an auxiliary heater (fuel or electric)

, .

'having .the. capacity to carry the maximum heating load is required. Solar

4

4

and auxili ry h'eat maybe supplied to the building by the same heat dis-

t
tribution s tem. *Thelair heating solar. System mAfki use a Conventictnaj

. 1

-
. ,

, warm-air furn a directly in the hot air supply duct, as'shown in Figure 8-3.

Fuel is. supplied to the auxiliary unit only whensolarheat is insufficient
. t

.

. ..\PS.maintain the des4rd room temperature.

.

I
. J.

COLLECTOR , '3 WAY DAMPER

POMP .
, ..

AUXILIARY FURNACE .

.

.

Figure 8.3. Air System ,fors Solar,Space Heating with Auxiliary Furnace.

2.09'

rRom ROOMS
0

.

I'



.8-4 "
,t . . .

In the 1;iquid system a hpt water boil er '(-fuel: or electric ) is used,
., ,. . . ,

preferably locating :the boiler in a by -pass circuit as shown in Figure

8-4. Pie boil er by-pass is used to prevent heating the storage with,
* t

auxiliary energy. Heat from, the auxil iary .boi ler ,should not be Auppl ied

the storage tankbecause it is wasteful use of energy.

3-,WAY VALVE DISTRIBUTION. PIIMP

=. TO ROOMS
AU ?VARY BYPASS

.44

'STQRAGE.
UNIT.. -r,

'COLLECTOR
PUMP,

1

-+-7AUXILIA4 -Y HOT

WATER', ,p LE.R:

'
.

'. , , I .' .
4

Auxiliary
.. , ,s. .

'ri-gure 84. Liquiti Systein,torSolar Space' Heating viitti
,;. . Boiler If

4 $ .
$

IROMl*MS
-7'

I -

SOLAR AIR HEATING SYSTE44 ../t

i
c

Double Blower Design .,.. *,

The schematic d e s i g n solar system shown
,

in Figure 8-1 coMpri ses foir principal componentS ; strlar collector, .

.
1

,
heat 'storage trni t, O r handler, and .6uxil i.ary heater. C By combining

m ,

the blower and damper's in an ypir hind] er" , Tns.tallation.andoperatiOn[

I

df-the, system caPI be simplified. he oper;ation of such a system. in
.

its several mode's it 1 isted' in- Table 8 -Land shown' in Figures. 875,

8-6, and 8-7. In

, ,and A,D a beck "dra

0

table and figures, MD denotes' motorized damper
44, ,

t damper.

0

2iu.

00.

1
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A

Table 80. F Two-Blower, Mr-Type Solar System Operation
.

A

,fr
.

Mode ......

k

ME)1

,

MD2 BD1

-
Open ,

Open
,,

,

Closed
(auxiliary

_ -

. BD 2

Open

a..___

Collector
Blower

On
.

-

.

On

.

...

Off

Off

Distribution
Blower ,.

.,

, On.

.
Off

, .

On ,

r
On.

. .

,

, -.

Room.Heating
from Collector
(Figure 8*-'5)

Heating Storage
(Figure 8-6)

A

Room Heating
from Stbrage
(Figure 8-7)

Heating from
Auxiliary
(Figure 8-7)

1
Open,

Open

Closed"

Closed'

,
.

-_

Open

Closed

Open ..Closed

Open

oClosed
. ,

'Open

Open

.
on)

1

WAThR HEATING' ,

COIL
.

\ COLLECTOR
BLOWER MR HANDLING .

UNIT

MD1 MD2

4

SOLAR AIR HEATING SYSTEM (DOUBLE BLOWER)

AUXILIARY

FURNACE

FILTER

SUMMER BY-A SS. ' *;STORAGE

(PEiBBLE BED)

.......
BD1

ct,

pisTR IBUTION

BLOWER

FILTER

BD 2 .

Figure 8r5. Heating Building Directly from,Collectors

0 *

A

ti

*

4,



I

A

s

p

1

.WeATtit HEATING

COIL
COLLECTOR ,

BLOWER AIR HANDLING--
'UNIT

8-6

-SOLAR AIR HEATING YST1M (DOJBLE BLOWER)
.

'49:

1

V

E
,FILTER

SUMMER BY-PASS 1

WATER HEATING

at.

BDI

1."
-

STORAGE

(PEBBLE BED).

DISTRIBUTION
BLOWER

K.,

1Figure 8-6. Stgring Heat from,Collectors

.
. '4

SOLAR AIR HEATING SYSTEM (DOUBLE BLOWER)

AUXILIARY
FURNACE

2(
FILTER

'SUMMER BY-PASS

4

BD1

/

STORAGE

(PEBBLE BED):

\

).F LIER,

I
Is

DISTRIBUTION
BLOWER

Figure 8-7. Heating 8u-1.1dhig from Storage Unit
(Also Heating from Auxiliary)'
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So that the domestic hot Water supply can be'solar heated in the
. I

summer when no space heating' is needed, the heat storage unit and heated

,

space can. e by-passed as shown 6 Figure 8-8. A manual damper is

.
opened in the by-pass duct so that air is circulated in a.cloted loop

.

between collecIpr, water heating coil, and the collector blower. Damper

MD1 in the closed position prevents flow of hot air,to storage or,the

rooms.

WATER HEATING

COIL
COtLECTOR

BLOWER AIR HANDLING
UNIT

,MD1 MD2

--I 1-

SOLAR AIR HEATING SYSTEM DOUBLE
BLOWER) .

AUXILIARY FURNACE'

FILTER

SUMMER BY-PAS.

A

STORAGE

(PEBBLE BED)

DISTRIBUTION

BLOWER

F I L1ER

BD1 -4/ BD?

/ i

)

Figure 8-8. Service- Hot Water Heating (Summer Operation)

Most commercially available warm-air furnaces for residential use°

contain, a blower for tirculation of warm air t h thbuilding via

the distribution ducts.`, In typical all-air'so ar installation, the

furnice blower is used in',the nprmal manner for distributing warm air,

supplied either\rom the collectors or front storage. The solar system

blower operates only when air is circulated through the collector.



Single Blower Design
0

Another damper arrangement does -not require the furnace blower, so

only the solar system blower is needed. Four motorized dampers are re-
.

quired (rather ti:can two), but only ,two actuators are needed. This system

type is shown in Figure 8-9, with the blower and motorized dampers',in an

"air handler" cabinet. Al though the cost of a, blower and motor can be 4-

4

saved by this desfgn, two additional dampers are required, the control s

arere complicated, air flow rates in the several modes are less' adjust--

able, and the "saved" bloWer and motor, are usually integral parts of the

auxiliary ;furnace.

Summe
By -,pass

Water:-
Heating

Coil

Heat
Storage

BD2JBDI

Auxiliary Heater
f

To Rooms

Air Handling
Unit .

Back
Dampers

"Filter

Figure 8-9. Sin'gl'e BloWer System

214
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Solar Air System Millerials, Components, and Installation

Importanf,operating considerations in the air type system are blower

power requiremIts and air leakage. A well-designed air system has approxi-

mately equal pressirre loss, through the collectors and pebble-bed,-typically

about 0.3 inch water gauge in each unit. With ducting and filters, the

total.system pressure can approach ohe inch of water. T e total pressure

in an 1r/ type solar system is about twice that usually encountered in, a
., .

conventional forced air distributicfn'system, soadditi al- blowerpower i-s-'

required. Typical requirement in a conventional system is one-half to

thi-ee-fourths horsepower for a 1500 cfm system. The b.lo rs also operate

for longer periods than in the conventional system because of their use

both, for-solar heat collection and for heat distribution. A one-inch water

gauge pressure loss is about the maximum accptable from t e standpoint of

blower. power cost.

Leakage of air in ducts, collectors, and storage is of greater con-

cern in a solar heating system than in'a conventional system because the ,

pressure is higher, there is more ducting, the system operates for loqer

periods, and there may be more ducting through unheated spate. The dUct's

\

should therefore be made with taped or 'sealed joints and tightly fitted

\ dampers. The ducts may be of fiberglass board or insulated sh4t metal.

Insulation is neededto reduce heat loss through the duct walls partic-

4 ularly in unheated spaces such as attics. At least one inch of,fiber-

ilass with a rating of R-4 is, recommended for duct insulation., --.

- )

,
.' -

It is especially important with a solar. air system th well

I

scheduled installation be made: More space and acc must be provided
/

in the buildingefor ducting than for pipe)n-6-liquid system. (Ductwork
'4, I

, ,
, _

, IN,

and component assembly can be done at-41e same time that.the distribution

ducts and fUrnace 'are installedlin a typical construction schedule.
t

,

215
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.

There must be provision for construction and installation s ce and for

full access to
)

the spke'for systems, and components.

If fiberglass ductboard is used for the air duct, it should.aot he in

locations where it can be damaged'by moving objects or occupants. Joints

should be' well sealed with tapes or mastics recommended by,the industry.

Duct bends should be provided with turning Vanes to reduce losses:. Ducts

should be sized for air velocitiei between 700 and 1000 feet per minute.

'Blowers, dampers, and auxiliary heaters may be provided by a sing -1e._

solar'Mtem supplier or they be purchased separately. If separately

purchased, blowers should ble forwarckeurved squirrel cage type and belt-

'driven at 900 to,1700 rpm'. Direct coupled blowers with motors in the air

stream may'have shorter service life because of motor operation in high-'

temperature air. Flexible connections between blowers and ducts are

'recommended.

Louver-type dampers with live silicon rubber seals are recommended for

positive shut off and smooth stroking. Damper drive TOtor's shou}d be

located on the outside of ducts and direct coupled to the Gamper shaft or

through linkages. Damper pairs maybe operated by the same drive motor

such that one is clOsed when the other is open. Damper motors are avail-

able which operate on low voltage (24 volt) and have spring returns.

Back draft dampers, used in ducts to prevent reverse floW, may be ofk

the flexible flat type or shutter type. They must be mounted to provide

a positive seal against reverse air flow.

To prevent fouling and increased pressure loss in the pebble-bed,

filters should be installed in the air. streams entering both ends of the

storage unit. The filters should be changed or cleaned every few weeks

during the first several months of operation to remove the initial dust

in thwystem and building.

216
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, ..
4, v

. . r
Provision for supply of domestic hot Water can be easily made in ite

. . f .
.-00- . .4 . .

ia r sIstem by th,e- use of ,an. ai r-to-water, heat. exChanger i n ihe 'hot 'air

'duct between the collector .and 'blower. The feat exchanger coil is -a finned
o

.

type, wits one ,or two rows of tubes, A small pump' circulateswafer. from

the bottom of an insulated tank (usually about 80-ga 1111Q,n capacity), through
,

.

..the 6-11, and back to the top of the tank. ifhe cold water enters the

solar-heated tank and warm water flows to a conventional automatic water'

heater .whenever a .hot water faucet is opened in the building.= A-duct

by -pass as shown in Figure 8-7 (page 8-6) permits operation of the service,hot

water coil in the summer without heating the pebble-bed. thermostatic

mixing valve can 'be installed in the, line connected to the service hot

water tank from the cold water main to prevent del iyery of scalding hotwater.

The complete solar heati installation will require heatihg and sheet

.metal workers to install colt ctors, ducts, dampers,.and the conventional

system, electricians to wire blowers and dampers, plumbers to conn ect the

domestic water heating system, and carpenters or masonry workers to con-,

struck the pebble-bed container. Consequently, the general contractor

and the solar system contractor should coordinate their activities so that

.4 each task is accomplished at the most appropriate and convenient stage

during construction. Quality installation is an important requirement to

obtain a high performance air heating solar system:

LIQUID HEATING SOLAR SYSTEM

lr
A schematic diagram of complete liquidLheating systenr-for

solar space heating using water:as the heat transport and storage fluid

is shown in Figure 5-10. The system is 'bompriserof solar collectors',

storage tank, auxiliary boiler, and pumps, valves, and heat exchangers..

217
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. COLLECTORS

sd

as.

1/4

;S

BUDDING
AIR

iii

A

61. LECTOR
PUMPt

- .

7v

BOILER FUEL
TCD VALVE

LOAD
PUMP,

DUCT
COILS

SOLAR

4

AUXILIARY

4

NOTE : EITHER, BOA.ER OR
r

DUCT HEATER' R ISUSED ab .

. r I

Figure 8-lb. Water Type Solar Space Heating Systetn

te
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11. a

The collector heat exchanc is used for systems in freezing climates

to separate the antifreeze in the collector loop from the storage tank water.

The neat exchanger may be a.counterflo tube-in-shell type.

a single heat exchanger coil

8-13

A central-heat-distrtbution systm

or multiple fan coil units in diff t zones in the building may be used

to heat the rooms. Radiant or baseboard convection heating is an alterna-

tive method for heat delivery but for sAtisfactOry'performance, higher
\

temperatures are required than for.force d air heat exchangers. The higher

temperature is a disadvantage to sote op'eration'wip flat -plate collec-

tors. The auxiliary heater matbe eit er a boiler or an air duct furnace.

The operating modes and states of the pumps; blower, and auxiliary

f

heater are shown in Table 8-2. The locations of the'components are shown-

on Figure 8-10.

\\,

Table 8-2. Conditions -I' Pumps and Valves for,

Water, Heating Systems

I.

Mode
Collect r

Pump
Load,
Pump

Auxiliary
Heater

1Distribution
Blower

F

Heating Storage

Heating from Storage
.

',Heating from-Auxiliary

.

on

...

--

--

on

on or
off

--

, Off ,

/on

. --

pn

a
,on

4
Solar Water'System Materials, Components, and Installation 4.

PipinY4y1consist of either copper or high temperature (CPVC) plas-

tic pipe and .all pipes should be insulated with appropriate material such

as neoprene foam at least One-half inch in thiOkness. 'Care should be

taken to allow thermal expansion-4f the pipes,and long pipe lengths' should

provide more-,freedom-for expansion than short, lengths. Pipes should be.

sized so that...water velbcity does not exceed 'five feet eler second.

. 22.6
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In Table 8-3, ceconimended.pipe diameters are indicated for flew rates in

.i,

gallons per min3te.

7

6 .
V

Os

Table .8-3." Recommended Pi pe Dia7neters for Various

Flow Rates
.

v

Select
Pipe Size

-Gallons per

Minute

Velocity.
FPS

.Pressure Drop per'
100 feet PSI

3/8 2 -3.36 6:58

1/2 4. 4.22 ' 7.42

3/4 8 . 4.81 '6.60

, .
I , , -15-. 5.57 .. 6.36 .,

.,

1 --,1 /4 .3 25 5.37 4.22 .

,
Circulating pumps should be centrifugal, type, coupled directly to. .

--

motors with rotating speeds between 700 and 1700 rpm. CeNtrifugil pump

are recommended because the pumping. pressure is limited and if valves fail

to open, or the pipeline becomes clogged, there is no danger of developing

y excessive pressures which could burst pipes., With known flow rate and

.'

system head, pumps may be selected- from st-ocktems in catalogs, or made

.
to specific$ations by pump manufacturers. impellers of stock item pumps

may be trimmed to meet the specifications. Centrifugal pumps should be

.

loCated so that priming is not necessary, which could be a particular prob-
, , ' i,' .-

lem in ,a vented system or where a. orag k is underground.' "The pumps
,. -

;-

-., should be.provided with at least fivi fe Of head on the suctton side.`,

#

HEAT EXCHANGERS

' a

0

A heat Exchanger p ot be provided to transfer the heat from the col lec-
:OS

for fluid to storage if the collector and storage fluidstre.in different
, . A

loops. Because of the low temperatures from flat-plate solar colleCtors,
, .

201
.11.,

I

.
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the temperature difference across.heat exchangers should be small. The

. .temperature wdifferential in a heat exchanger fs minimized 'in two ways: by

providing a large surface area for/eat transfer inthe exchanger and by

. Maintaining high flow rates through the exchanger. Tube -in- shell at

exchangers'are simple, efficient, and readily'available. They consist of ,

.

single or multiple tubes enclosed within an outer jacket. One fluid

passes through the,tubes while the other fluid passes outside the tubes.

Large heat transfer surface can be achieved"in compact arrangements.

- .

The pei.fOrmance.chaacteristics Of a single-pass counterflow heat

41.xchanger are. illustrated in Figure 8-11. It can be seen from the te4era-'

ture profiles along the exchanger that the tew,p5ature difference betweerit

fluids is i-easonably, small along the length of the heat exchanger.

COLD

FLUID

HOT FLUID

4

166

160

Figure 8-11'. Single7PassiCounterflow.Heat Exchanger (Collector Heat
Exchanger 4. 115,500 Btu/Hrand Storage Temperature of

160°F) I

222
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The manufacturer's guide tan-easily be followed in selecting the

size of a heat extiianger. If appropriate information is difficult to

acquire, the manufacturer's repres6tative should be consulted for

far

..,

assistance and/or advice. The, information necessary for heatvexchanger-1

, -
.

isizng'and fluid. flow-rate determination are the temperature of the

fluids entering the. exchari'ger and the Btu per dour heat trantfer rate

.

.7- desired. .

High fluid velocities, and flow rates achieve high heat exchanger

efficiency at the expense of pumping power. The high flow rate, however,

j

minimizes thermal sCeatifica'tion in the storage tank because ormixing.

However, achieving efficiency in heat exchange from the collectors to

-.storage and froth storage to the loads is more Important to overall

syttem p9r6rmance than establishing stratification in'the storage tank.

AUXILIAFY HEATING UNIT

,

, . . The,auxiliary heating unit may be a hot water boiler, forced air
.. ,

ifurnace, on electilc heat pump. If a hot water boiler-is used, water

. 's

,...

may be distributed to individual room heating units. This a llows the
.1

..same heitNistribution line to be used for solar and auxiliary_ heated ,

,

_ water. -It is advisable to install the auxiliary boiler in a by-pass 1

c

line around the storage unit as shovin in/Figure 8-4 (page 8-4)/ This

arrangement prevents heating water in storagewith,auxiliary energy..

Because the boiler is used only occasionally in the solar system, it is

preferable to.operate a cold boiler, which Maintains low temperature

until auxiliary heat is required. This prevents heat loss to the

boilir flue and also heat load,to the building from a high temperature

boiler.
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AIR HEATING'COILS

.4$, The room air may be heateeby finned duct coils in a central' air dis-

trfbution system, fan coil units in different zones in the buildihg, or V

baseboarti radiant heating units. The temperature of the heated water used

in each typeraf heating unit is,important: Radiant heating systems require

)Ce ,

higher water temperatures than dUct or fan coil systems to heat the rooms

-effectively.

The temperature-in a solar stordge.tank which is heated by flat -plate

solar collectors will range.between 100° and 160°F in the winter, 'Base--'-

board or radiant heating equipment is normally designed for water tempera-
.

tures at 1800to 220°F. Therefore, the baseboard or radiant heating syt-
.

terns 'are' not recommended for use in heating a building with a solar system

which incorporates flat-plate collectors.

Because of space limitations ar other reasons, fan coil units.may be

preferred over duct coils to heat room air. The unitsshould be sized. to

provide a required rate of heating with water temperature of about 140°F.

Duct heating coils may be' used with a central forced air system. These'

alts are commercially available and consist of multiple.rows of finned

`tubes. Air velocity across these coils,thould be at least 5,00-feet per

minute Manufacturers of heating unit will provide the proper size for

',given water temperatures and design heat rate requirements of the Unit.

,Separate duct heating coils for- solar heated waterand for auxiliary, bol er

heated water maybe considered in/a central air distribution systeiii., Two

r

A.0

separate coils will permit
k #

water temperature is practically at room emperature, while the auxiliary 4"

.

Af

.

heat will be.usedas necessary 'o deliver the rate Cieheat required to
, .

'maintain the comfort conaitiont VI the/moms. This arrangement necessitates '

be extracted from storage until the

a second" pump, air heatigg coil and iklitfonal piping nhections,. If two

224
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,

v coils are use a`, the solar heated coil -should be the first-coil in'the

'direction Of air flow, followed by the auxiliary coil, If a duct fUrnaCe

$.

is. used for aUxiliarylheating, the'solarrair heating coil should, be in- '
,

2. stalled ahead of fhe furnace or at the return air connection to the furnace.

c

-,. The solar coil Will then heat the 'coldest air.

In a, solar system, a. -single pump may be used to'circu4ate water
1,

through two different circuits. For example, the solar heated water is

directed to a heating coil in winterand to an air conditioning unit iri

suriimer% Switching the fluid circuits is accomplished by'a three-way valve.

Various types of three-way valves are available and are suitable'for use.

However, if there is a leak through the valve, the system performance can

be affected adversely,so that properly seating valves should be selected

and tested early during the start-up operations.

HEAT PUMPS

A heat pump uses,electrical or chemical energy to extract heat .,,from, ,

a low temperature source and deliver the heat to ahigher temperature siak.

c_.

The process is identical to a refrigeration'Cycle and the same machine that
. .

is used.a "s a heat pump in winter may be used:as a refrigeration air con-

ditioner in summer. The switching between heating and cooling may be done

internally to the machine by reversing the evaporator and condenser units,.
.

' .

or externally by'reversing the4exchange circuits on the evaporator and
is

.

_condenser side of the machine. A..,

Heat pumps are classified according to the heat source,and the fluid

td which heat is delivered. There are three types ()Cheat pumps:

(1) air -to -air, (2) water-to-air, and'(3 water-to-water. Schematic

,

diagrams of a heat pump operating as a heater and as a cooler are shown

in"Figures'8-12 and 8-13,,respectiwely:
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. Heat
Exchanger

Condenser
(Heat*to
Load)
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Receiver

Expansion
Valve Heat ,

ExChanger II

,
Evaporator

Heat from. Aux,
Solar,.Amb. Air,
or Ground H20)

-1 Compressor

-0- Closed Valve

-e-.0pen Valve

Figure 8-12. -Heat Pump in Heating Mode

Heat
Exchanger

Receiver

Exchanger

Expansion
Valve, 4, Heat r

Is A

Evaporator' 0
(Space ,Cooling)

.9

Condenser
'(Heat Rejection

to Ambient )

Compressor
I

Go Closed Valve

`9 _-Open Valve

Figure 8-13. Heat'Pump in Cooling tickle-
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SOLAR ASSISTED HEAT PUMPS

The concept of a solar- assisted heat Pump Is to supply a higher

//
temperature heat source than outdoor ambient air to the heat pump from

solar, collector's or storage. Typically,'solar heated air or water couldt,
. =

be 40° to 110°F above the ambient air or waler'iemperature. Because the

fluid temperature delivered from the collectorszis low, greater efficiency-:

is expected froM the solar system as compared to a solar system using

direct heating methods, which typically requires 150°F water temperatures

'above ambient. A solar heat pump system is appropriat in extremely cold,

windy, or Oloudy areas where flat -plate collectors uld be used efiec-

tively_tp collect solar energy at temperatures sufficient for a heat pump.

Heat is uiyally stored for the low temperature side of the heat pump

because it results in better systemffficiency and smaller size unit than

if storage is provided ifi the "hot Side", .A possible system is illustrated

in Figure 8-14. Solar air heating collectors with a 'pebble-bed storage

unit or liquid heating collectors.with water or phase change storage may

be used along with any of the three types of heat pumps available commer-

cially.

There is not yet a clear indication of what heat pump arrangement is

going to prove best. With an air system, it appears that the heat pump

can be Most advantageously used if operated simply as' the auxiliary furnace

to hiselthe temperature Qf the circulating air from the pebble-bed to the

rooms. The system is illustrated in Figure 8-15, where outdoor air is

used as the source' In the liquid system,whether the heat pu}np should

,-be used a similar fashion, or whether. the source should bethe solar

storage tank, il,npt yet clear.., ht this time, an engineer-andthe heat

pump manufacturer should be consulted to assist in the'design of a solar

heat puMp combination.
_

't
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Solar
Collectors`.

Pump

Heatpd
I. Space

(
Heat
Pump

7717

II

Auxiliary
Energy Source

Figure 8-14.' Simplified' Di'agram of a Solar Assisted Heat
Pump System Series Arrangement

Water Heating CollectorCoil Blower

4 Outdoor
Air 4"....".4'

Heat Pump
Outdoor Unit

Air
Handling

Unit

Summer By-pass

Electric
Resistance

Coil

Indoor
Unit

Filter BD2'

To
Rooms

From Rooms

Figure 8115. Solar HeatingSystem with Air-to-Air Heat Pump Auxiliary
(Heating Building from Storage with Heat Pump Supple-
mentary Supply)
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absorbent- A .liquid which combines chemically 'with a refrigerant .,

4 / . .

coefficient 4. Ratio of -heat.removal rate to heat supply rate ..
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s

_refqgerant . -Working fluid in a refrigerarbri system
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INTRODUCTION ci

A

The -withdrawal, of heat from the .air within a building enclosure.
.

-which results in a,teriverature lower than that of the natural sur-
.

'
ToundingS is 'term ed space cooling or refrigeration. fre methods using

.

3 I
solar energy are of particular interest in this module.

. ,

V

s

OBJECTIVE

The objective f' this module is to develop understanding of the

principles of sol,ps space cooling systems. In

this obj,pctiye is met by thp- trsained, as

merit, t#trai nee shoij d be able- to?

, 1. Li st the. differint>dbol :ing methods

es c be the O1-3ration of cool ing systems .

order _to test whether"

inkMileVel of dccompl isq-

.

andt.

'4" CATEGORIES 'OF SPACE COOLINGi-METHODS

k -

"There are three cdtegories of space

buildings. fheY4r-Q4...:

1. Refrigeration

2. Evaporati've "cool i rig

,c4.

r

cooling methods for- residentia

Redfati ve cooling - *

11
"7" SkaWnergy is directly useful only-.inrefrige\ration methodl,.

Evaporative cooling and radiatiwp cooling are ftidire t1 related. to
.

soldr energy in that 'trey ere dependent on cn,matic. facfo'rs. The
. :A a '

1

discussion 'in this module, concerns princip011y refr eration methods.

Evaporati ve radiative, cool ing .are al so briefly irtklitioned.

c

4
4

S.
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DEFINITION OF TERMS

The Capacity of a refrigeration machine to cool room air is custom-

arily referred in tons of refrigeration.' .A ton of refrigeration is the

. removal,of heat at a rate of 12Q00 Btu per hour., Another.often used
4 :

term in Connection with refrigeration equipment is coefficient of pet-

foinance, COP. The 'COP expresses the 'effectiveness of a refrigeration

cool iq system as the ratio of useful refrigeration effect to net-energy

supplied to the machine.' The COP is determined'by the simple equation

below:

Heat energy removed
- COP =

tnergi.suppl ied from external sources

The COP of a mechanical vapOr-compressi n refrigeration machine is 6..

characteristically about two and can be as igh as four. The COP of a

.

lithium-bromide-watt* abs,orption refrigeratio machine, is about 0.8 and

more o ten operates in the range from 0.6 to 0.7. A COP less/ than 1;0

'means there is more enemy supplied to the machine than heat.; energy

removed.i'ron'iithe room air: From the cooling capacity and COP the energy
.

consumption rate by 'the machine to produce the cool ing effect can be

.determined by. dividing the heatt, removal rate by the COP. For example,

`with.a. 3-!ton absorptionir chiller, having a heat removal rate of

36-400 Btu 'per hour, and a COP of. .0.6, the quancity of heat needed at

41.

the generator is 60,000 Btuf\per hour '(36,0'00 0.6).

1

. .

. REFRIGERATION SYSTEMS ,

Refrigeration systems, acccimpl ish cool ing by removing heat from the

air as it comes im contact with a cold refrigerated surfate. Conven-

tional
la

vapor-compressjo(systems using electric motors are potentially

. . A

. t
W 2 3 ti

1
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convertible to systems With solar heft driven moth, and absorption

refrigeration systems Using gas fuel heat.ardpotentially convertible

to system6'using solar heat. Of many possible systems, only/the absorp-

tion systems are now available and are potentially economical in the

near-term (next five'yearls). Of the various types of.absorptiop machines

poSsible, the lithium-bromide-water unit is currently (1976) the only

type which is commercially available, for residential space cooling

applications.

ABSORPTION REFRIGERATION ,

An:absorption refrigeration machine uses heat energy to provide

- , .

cooling.. When a_ liqpid mixture of refrigerant and absorbent is heated,
---:,-. % .

i

0

the refNgerant is drihn out of solutioh. The refrigerant flowslrom
.

.

the generator. through a'condconser,,Wahsion vflv,e, and evaporator, then

ir
....f,-p

into an absoeber, whe?e'-it recombihes' with the absorbent. In a lithium-
,

bromide -water absorption machine, wWfer,:is the 'refrigerant and lithium.

bromide is the absorbent. An'akpprbent is.'a liquid which combines '.

, i '''' -4,,,'"0-' .- _

*
. ,

chemically with therefrigertheatlow temperatee? but-will separate

# IP,
S's

'Ik

from the refrigerant at highteMperatures..,* the com4pration process,

heat absorbed by the'refrigerant islreleased." '

4-
. ..

The operating prindiple of a lithium bromide absorption cycle -'is

-. '
, -

explained with the aid'of Figure 9-1. The cycle begins when water irk

the lipu41 mixture in the gneratQr is boiled off and..superheatdd with 4."'

solar, energy at temperatu

14
water is Made possible by havih

hetweeg-170° and 210°F. Superheating of

vv e y low pressure in the sjistamAcThe

super=heated water vapor leaving the generator enters the condenser, where

it to, about, 100 °F by ihe cooling waier from arioUtdoor?cooling

Atet,..$

23D

tower. The vapor condenses.to a liquid an islobheh revaporfzed through
: .
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PANSION
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Figure 9-1. Absorption Air Condi'tioner Schematic Drawing
-

expansion valve which cools the vapor-li9uid mixtures to a
\
emperature

of 40°F in the evaporator coils. The heat in .the air Or water which is-
.

brought-Tr' contact with the evaporator is removed' by the cool refrigerant.

The refrigerant then passes to the absorber where it recombines with the/

concentrated lithium-bromide solution from the generator at a temperature

of abok.100°F. In this ,recombinatiOn process, heat is released, and

the \heat is' removed by .the cooling water from the cooling tower. rThe '

dilute solution of lithium-bromide-and water in the absorber 'flows 'by.

gravity, or is pumped, back to the generator and the cycle is repeated.
f

'recouperator ln the diagrami a heat exchanger which preheats the

ute solution as it flows from the abso=rber to the generator acid at

-

Mir
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..
\.

Same time cools
. \

the.hot.concentrated solution which.flows fromi1the-

.

.

, 1

14, , \ .

eherator to th e absorbOr.

A

4 ../
c..

I o
.

i

..f.ii Temperature _Restrictions
-...g

, .
. ...

A The>operating teMperature rae of the hot water suppliea.to theng

gendrator of a solar,- operated lithium-bromfte-water absorption refrii-

tion machine is restricted from about 170°F to 210°F. The 'heat input

to the generator must be sufficiently high to boil the refrigerant

(water) from the solution in the generator. The temperature must be at ,

least 170 °F. The upper temperature is normally limited to 210°F because

the hot water to the generator A a SIOT1r system is Provided from storage

and the temperature in storage will be less than the temperature

of the concentrated lithium-bromide solution which flows from the

generator to the absorber through the recouperator. If the timperature

is too low in the recouperator, and theconcentAtion of the lithium-
',

bromide-water solutiori is high, the lithium-bromide will solidify in the

outlet tube leading from the recouperator,to the absorberand eventlally

in the generator asthe water continues to be boiled off and the coriceh-

tration of lithium-bromide increases. Provided the temperature'iri the *-

generator is betleen 170°F and 210°F, the unit will operate satisfaftdrily.

T ypes of Lithium-Bromide-Absorp tion Chillers

There are two `types of lithium-bromide-waterabsorption chillers.

One typecools air directly at the evaporator coils and the other type

cools water whiChcontacts the'evaporator coils. With an air chiller;
a .

room atr 'can be circulated directly past the eNraPorator coils. The

second tyPe,requires a fan,coil unit with room air being cooled through.

the fan coil unit.'

237

0

t



4 I

0

4. 9 -6.

r
-With a water.chiller, the chilled water can also be stored, which

enables a systdm to/operate cOntinuously over a longer period, which 'in

turn is beneficial to the sy, tem:6P, and the chilled water used together

1

with direct cooling can provide fora large peak cooling load whin deeded.

An air chiller does not provide 'for a convenient means of cool stoi-age

and thus the unit will cycle on when space cooling is needed and will

shut of when it is not needed. When frequent cycling occurs, th
1

COP

of the cooling system will, be very loci. Continuous operation of the

cooling_system will

HEAT PUMP

aintaift a'high COP.

A heat pump'can be used as either esPace heating or cooling unit.

As a cooling unit; the device absorbs the heat from inside a building

and rejects it to the outside air.' Thkprinciples of operationare

'described in Module 8.

SOLAR RANKINE-CYCLt ENGINE

Instead of driving the compressor of a vapor-compression refrigera-

tion machine'with an electric motor, an alternative .source of Power for ;

the comprQ.ssor is a solar-powered engine. Solar heat can be used

vap6fte an organic fluid to drive a turbine. The turbine is coupled

to a compressor of the refrigeration machine, as shown in a schematic

drawing of a simplified system in Figure 9-2.'

. .

heat is supplied to the boiler by a solar collector. Thsrfluid in

the boiler is* vaporized and the vapor drives the blades of the turbine.

The rotating shaft of the turbine then drives 0 compressor for the
A

vapor - compression refrigeration machine which'produces

the desired cooling effett,,The'vap6r from the turbine is changed to a

1

.4

1
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liquid in the condenser and is pumped back to the boiler. The regenerator

js a heat exchanger to recover some of the heat from the vapor ejected ,

fromthe turbine: This machine is still in the experimental and develop-

mental stages and is not yetavailable as an operational unit.;

EVAPORATIVE COOLING

EVAPORATIVE/ COOLING THROUGH.ROCK BED

A simple evaporator cooler can be used ,o cool warm air by passing

the air through an air washer. Depending upon the velocity of air and IP

wet-bulb temperature, warm air may be evaporatively,cooled toa desired.

dry-bulb temperature. As.an example, outside air at 100°F dry-bulb
P

temperature and 70°F wet -bulb temperature (relative humidity 2? percent)

. can be cooled by an air washer to about 77°F. However, the relative

. humidity would be an uncomfortable 71 percent. Strictly rspeaking, evap-

orative cooling is not a solar system. However, because the rock bed,

of an air heating solar'system can Abe used for storing "cool" in
o

the summer- tine, an evaporative cooling un'tr ay be considered along

. with an air.-heating solar system.

An evaporative cooler coupled with a rock-bed storage unit is shown

in FiguA 9-3. Night air is evaporatively cooled and circulated through

the rods bed to cool down the pebble's in the storage unit. During the

,.day, warm air From the_building can be cooled by passing the air through

4 to cool pebble-bed. The dampers in'the ducts are positioned to'direct

the circulation o'f air appropriately. When cooling is no longer'

-11, achievable through the rock bed; the outdoor air can be cooled directly

and delivered to the rooms. Evaporative cooling is practical only for

2 I 1
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arid and semi-arid regions where the, relative humidity and night-time

temperatures are normally low.
-,

TRIETHYLENE GLYCOL OPEN CYCLE, DESICCANT SYSTEM

.

A system which provides cooling by dehumidification of the air.is

.shown schematically in Figure 94. it is an open cycle system. Moist

room air is dehumidified and cooled byriethylene glycol as the air

flows through the absorber.. The dehumidifed air passes through elimina-

: .4.tors"to remove the liquid glycol-froth the air and is further evaporatively

`cooled and redistributed to the ro6s: The liquid desiccant which passes

through the absorber picks up moisture from the building air and becomes

diluted. This dilute triethylene glycol solution is regenerated to a

concentrated form by using Solar heat to remove the water and is,returned

to the absorber and recycled. At-the stripping column the liquid mixture

is sprayed a stream of solar.heated air. The heated' air.picks up'
it,

the moisture from the glycol spray and is exhausted. o the atmosphere.

Liquid glycol droplets which are carried with the air stream are removed

by the eliminators. If there is insufficient solar heat, then an

auxiliary heater is used to heat the alt. stream. The triethylene glycol

from the bottom of the stripping column returns to the absorber through

heat exchangers to recover heat. /

A wide range of solar heated air temperatures is possible to operate.

thissystem,from 84°F to 180°F. The higher the temperature, however,

the higher will be the COP of the machine.

A liquid desiccant open -cycle system in large sizes, using conven-

I-
tional heat ources, is commercially available. Except for an experimental

. unit which was studied 25 years ago, this type of system has rit been

actively considered for residential space cooling systems.

2/14
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RADIATIVE COOLING

The use of a fiat-plate collector to cool water qr air by'night
FQ

radiation in tfi'e'cooltag season has, been suggested a possible way to
e

C0016 buildin§. In 'principle, radiation from thevabSorber'surface of a
A

flat-plate 'dolleZtor to the cold night sky could Cool' the absorber Surface

and hence also the water 'or air c culating through the collector.. The

difficulty with this method is that a good collector is /a poor radiator,
. ..0 .

-' therefore ; using the . same :col 1 ectoi- wh

heating season to cool air o:rwater 4.n

. ,

collects
.
sol, .ar heat for the

it

cooing season is not practical

There are -two solar houses,-oneskin Gal tfornia and the other
/

, ,v

Arizona, that utilize evaporative cooling and night-time radiation to

regulate the temperature rise in residential 'buildings. The buildings

have d sha low water pond on the roof with sectionalized retracting,

./risul.;etri covers over thwond. 'The' coveys are retracted at night to

cool the, pond - by evaporation and radiat on .to the night sky. The covers
if

. are closed during the day. to preunt sola ng of the pond. The cool

pond absorbs the .heat from the'rooms below to keep the building space

cool.

During the.winter the shall-ow ponds aloe used for heg the build-
.

.

ring. The insulating covers are retracted during bunny days to collect

solar heat in the pond _0d...closed at
-
night.ta prevent excessiv4 [feat

loss from the pond. The stored heat in the pond then radiates dniformly

'into the living'space below. oAt special loraions, in'the country, this

tjtipe of heating and cooling Sistem' is effective. HoweVer, in freezing

climates, there are obvious difficulties' when the..oUtdaor temperature is

very low.
4 *4

*

1
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A variation of .the system is shown in Figure 9-5. Water` in the- .

f

radiative cooler'qn"the.roo4tbf the house is cooled by evaporation' and '

radiation. When the coJd water in the storage tank can be cooled, the
,

water is cilulated lb the radiative cooler: The radiative cooler,

. which is a water.ponC)w-(11 usually be dry during theoaay because,when

the. pump is shut off, the water automatically drains into the .cold water
.

tank. At open dYcle system such as this is subject to accumulation of

debris qw&f2-e'quent:cleaning will be necessary. Also, because.the system

..

will collect rainfall, an overflow must be-p vided tothe storage tank,

40
and in off-seasons,.the melti 9g snowshoUld be'suitably by- passed from

,

the tank.

The.builjding. is'cooloed by circulating the cold,water through a fan

coil unit. When the temperature of the water at.the-bottom of the cold

water tank is too highor efficient operation, the fan/coil unit and

circulation, pump are shuf'qff.

Because of the,ccintinuous-evaporation fhm the shallow roof pond,

frequent additipn of make-up water is necessary. Unless the water is

drained and exchanged frequently-, ,the salinity of the water willincrease.

Draining of the shallow roof pond an be accomplished during the
* --

cooler.seasons of the year when building air cooling and/or dehumidifica-
,

. r
. - 1. .. -

tion is not. required. Because the temperature of rain water would be '..

close to the wet -bulb temperature of the air, in most instances, rain
1

,
,..

..
...... .

, would ass4 in the cooling effort. Snow and/or melting snow should ,

cause no problems during the winter, provided,that the pipe draining the.

roof pond
)

tS-Jarge enough and the storage tank is protected from freezing.

4

F
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p 10-1

INTWDUCTION-

, esolar space cooling system combined with a solar space heating_

system provides the opportunity to utilize the collectors and storage

units duri the entire year. In areas both heating and-cooling

are needed in residential buildings, a combined' ystem maylsoon become

practi-eal.

(1_
:1!0 a previous module, a space heating and "cooling scheme using a

. ,

shallow.water pond on the'rOOt_of a building was described, Such a
,Jr 4.

system has'been shown
1
to be workable in selected regions of the country

where winter -time temperatures are mild. The difficulty in colder=ti

regions Of the countrj/-is.principallywith freezing.

The arrangement and operation of solar cooling systems coupled to

solar space and service water heating systems are discussed in this .

module. In arid and semi-arid regions, an evaporative cooling unit

coupled with an air-heating solar system is a possible means to .provide

limited space cooling capability. o

OBJECTIVE

'The objective of the trainee in this module is to recognize the

components and interfaces needed for a combined solar heating and cooling

system and understanding of the operating characteristics of the system.

tt ' 410cf'

_SOLAR HATING AND ABSORPTION COOLING SYSTEM

7-
A 2;lithium-bromide-water absorption system is the only solar cooling

upjt described in thi,s section. The trainee should be aware, however,

255
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10-2

that research is currently being con d with other cooling units, ro

such as an ammonia-water 6bsorpti syste and Rankine-cycle solar drives

engineS coupled to a vapor compression cooling machine'. With further

developments, such systems may become practical in the future.

SYSTEM COMPONENTS

A lithium-bromide absorption-unit combined with a solar heating

system is drawn schematically in Figure 40-1. The main components of

the system that are common to both heating and cooling functions are

the following: 6

1. Solar collectors

2. Storage tank
4

3. Auxiliary boiler

4. ,p,uct 411' and distribution ducts.

The additional components required for the solar codling are:

1. AbiorPtion chiller

2. Two cool storage tanks

3. Cooling tower

4. Circulation pumps.

The Apllectors are sized%) provide the 'major fraction of thee total

--annual heating load an the building. The'collectors will then provide a

substantial portion of the hot water necessary to operate the absorption

chiller during the cooling season, provided that the collectors can,

deliVer heat at temperatures necessary to *rate 'the absorption hiller

and can do's° at reasonableefficiencies.

The storage tank should he sized in relatlonsft to the collector

area selected, and should not be. less thart 1.5 gallOns, nor greater than

.256
I

o



_

.

Steam _
Vent ea.

Surge Tank

Heqt
Ex.changer

Cold Water
Supply

Pump

Cooling
Tower

Steam
Vent

Hot
Storage

Tonk

Automatic
Valve

Warm
Storage

Elri
Cool

Storage
I

Pump.

01-43)

Pump

Absorption
Chiller

A
Pump

13-way
Valve

Auxiliary
Boiler

Heoting
'ond
Cooling

Pump'

Heat
Exchanger

Pump

ServiceSolar
Preheot

Tonk

Hot
Wa ter

Heater Hot Water

Figurg 10-1. Solar-Heating ipncl Cooling. System 258



7

de
:2.5 gallons per sstuar oof of col lec ms11 storage. tank 'size in., .c,),
relationship to col lector' area may cause Atent boil ing irjoite collectors

and in. storage during the summer "months, and in a largZr storage' tank, Vie

,

- I -,, ' lrf'
water %ay not be'hot" enough to enable efficient operation of tliekabsorp-

.
_. 4 .. i''''

don chiller. With a small storage tank, .heat is wasted in steam When
4

boll Ag: occur; and a 1 ar"ger amiSun.t of auxil itry energy wil 1 be requi i'ed
, f 4 0

C; '

.'t

0
. U4

to operata the'chil ler as cbtiaared to a properly sized stowage ,tank.- .

'0
, \

. A * ..,-

, Similarly, wittl'a 1-aligstordge tank,theauxiliary boiler maybe required - - :-1,
.. ,

. .- z

. more frequently because the storage tank temperature cannot be raised ,to
t 0, .0

-khe desired operating range of the absorption il4e.r2 '4
, .

auxiliaryauxiliary botler is used to prov) eat whe.p the.temperature of
, , ..., ...

- . thewaterin the storage tank is. not sufficient either to heat the rooms/
. . (..

to maintain the: desired comfort conditions or to.dr4v.ellthe absorption
.X

Chiller Unit.- T,hd Miler should be adjusteirto deiyer about 1500r water

tiring the heating season to the heating coils, and about 190°F. water
, s

during the summer to the ap orptign chiller.
. -

The_se?vi.ce water h ati n'g components will 9perate throughout (th \ .
40. withovt adAystment.." -Because the water tepperaturesin the heat exchange4.r

loAs will be.,high, pumps and valves that can withstand" high operating -e

. temperatures shgnuld be sle'dted.
42'

-
OREVAT,"KG, CHRACTERIT .

4.4

',Collection Subsystem`
0 e

TFie',sol heat col tIonsubsystem -in. the s.ltem ',shown sttematically

in are 10= will operate' Whenever the liquid- temperatut'd in the collec,
,#. . .

for is greater, than the storage tank water temPerafure by a preset amount,

say21:17`, ant(' the circulation pumps will shut off when the collectors...

1.

1'
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e,

f 1., .
,%,-...

.

-,

.,

cannot deliver heat_fit a e ature gyeater than the water in the

Pr we

)

,
-_-.1" ..o. ...r

S tan.k.-BaUsd is a htat,exchanger in the heat :collection

.1--,

250,d00 Btu of useful heat can be stored to dieive the absdrption ur\it 4

.'"
',14 1 °

Although the absorption chiller Cannot be'operated with water tempera-

ture lesS' than 180cT in the storage tank, th4er.vice-watee heating
4. o

sYsteftan extract the'lleat usefully.

Heating :Subsystem
.

. .-

ThcwStec from upper part' of the storage 4.4 is pumped throughck .
,

.
,

. .

the heating coils and returned to tIlrbottom of the storage .tank: The ' .

.heating soil can be in the main duct-in acentralAeating system or q
.

,.
separYlkte fan coil units may be used indifferent zones of the-buildinj.
. . .

o

loop, the temperatu're differential ¶for shutoff.will be about 5°F. The
'to

,

heat exchanger is usedjpetlarate the collector fluid from the storage,.

' A
fluid and antifreeze can be added to the,collector-fliaid.

Du ring the heating season, the temperature range _the' storage

tank will be from about 90°F to 150°F,'and with 100D gallons of water,'

there will be. 500,400 Btu of heat available in storage. During the.~`

-cooltngkseason, the useful range of water temperature in the storage

,tank win be from 180°F 4to 21CF, and, again, in 3000 gallons. of water,

4

There w i l l be longer pipes 'and more valves required for..a f i ipoi heatllt
.

,

unit than are needed for a cdril, in the'c'entYal distribution: Am.
116. ' 1 '

, . 'When tlie-temperatUre of.the water in storage. is not
.

silf dent to -

?If
delivdr heat at a rate qufficientoto maintain the. comfort lev 1 in the

-'"

rooms, the adxiliary boiler engages automatically'to deliver hot water

to theheating coils. It is'reipmmendecrto arrange the piping, so'that

when the a uxiliary boiler'is ok, the re turnotibter from the col;sc'-by-ptsses
_ . . ,

'°

the storage.tank,_ The storageipater temperalbre w ill be-lOw when the .

.. '
4
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.,

6

o,

iauxil iary boiler s. delivering ,hot water and the return wa4ter temperature
1 , -

h.em, the heating coil will be higher than the storage tank temperature.

By-passing the storage tank will prevent heating_ the large volume of,
o

- I
water in the storage tank with auxiliary energy.

.The the ostat in the building is the sensor which drives the heat-
oit

Ing 'system. A dual ,contact unit is required for the system shown in

Figuft 10-1. As the room cools, the first contact will engage- the
.

circulation systek from the storage tank and, if the room temperature

continues -to fall, the second contact will engage the auxiliary boiler.

When the room temperature rises to an adequate .1-elkl , the heating. cycle

is shut off.

Let it be assumed that the design heating load for the houte, is "

50,000 Btuihr- with,,a design outdoor 'temperature of Off, and the., average; ;

heating degreeLday in Janu ary is 35 degree-days. The heating load for the

-day.would the9 be igtermined ,by: ."

4

04,
k

hours )
Design

Des igntehemapetirnagtulroead
difference

(degree-day)
. 7

.
ss

tf 6
,.,

' h_ourslf Eb,000 Btu, .
(24 ) (15°F-day) = 617,650 Btu/day. ? - day,' 68 - 0 hr,-6F-day 1.1

: o .
17--

With the water tempiirafttire rangein a 1200 gallon stbrage tank of -95°F
.. -.

. I---- t

.to. 1:4r.F, Iherewili bee-nougli Ai stored 50,360 Btu) to supply .about
(

1
. \ .

.three-foreis of The heat that %is needed during. the day, on about le 4

. t . .

, '.

.
hours. Thus the solar collector, area ,should 'be sized so that with six

.

hours , di solar.heat col lection durTh the day, Itiere will ,be abo ut 18
. . - .

. hours of heat. deli very from storage to :the building through the evening

hours saneduring. the Wright trail sol'ar ene'rg,Y, can' be collected agaiii the

following, clay.

4
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When thelaverage ambient air temperature is less than that assumed
,

in the fOregoing computattons,-rMe heat will be eequired.to heat the

ti ding than can'Oedelivei'ed fromth4 solar system, but there will

alsospe days with.hioher 'average temOrature and the solar system can

deliver.more heat'thari is needed to maintain the comfort level in the
A .12 $w

house. Wheb averaged'over a [7/eating season- t. the solar system should

. .1 '., :s
,

, ,

--"---PrIUMe-between 60 jrid 80 ,percent of'the,space heating neecs.

v

i _ Service Water.Heating Subsystem .... l'.

f

%

..

. ; ', '

Hot water from the top of storage is.pumped fo a4aouble-palled heat
N t

le
.

-

exchanger and returned to the bottom of thse storage' tank.' Simultaneously,
. ,,.,. , t ,

. ..

the water from the solar preheat tank (is-,circulated through the heat

. ',, 4 r -, 0 4

'.. exchanger and back to the top of the preheat'tank. Trie syp'tem operates .

' . '0. .

, - "; ! ' .

Whenever thetemperatuyof water irCtfie storage. tank is greater than:

. 1 . , ; C.1 :
the Water temP,erture in the preheat tahk0y a preset amount,..and:sliuts . %

. ,
.

.

off when useful. heat cannot be delivered from storage to tHerpreheat .

tank, or the Preheat tank teMperaturepas reached a limiting high tempera-

tune,say 140°FL

,

' .

.

,

During the ;atillseason; the water temperature in the storage tank
.

. I ,,
. ,

will Pe.frequently less than 140°F; thus an auxiliary hot water heater

:.

is necessary 'to assure delivery Of hot serVice water'. The solar heat is
..

< _
. .

y
thus'used to preheat the cold water from the water main before entering

the hot water.sheater. During the summer, the water temperature in the
. . ; .

(
.

.
.

.

storagp tank will be generally greater than 180°F; thus'-the'preheat tank
, ,

cart be jcepf at igh temperature with only Infrequent nelcessity for

auxiliary 'heating,
it

, ..

--Supper an average daily use of serviceiWater in tha household-
4 \

o
'4

is:75 gallons per day. ,Also assume that Ape waikr.. temperature from the'

. ' 1

26

,

s71
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t

main is'about 60';'F and desired wa ter temperature at del ivery is 140°F.

.The daily quantity of heat necessary to raise the lemperatu f ser-
,

,

vice water, fronk6V to 140°F will be about 50,000 Btu. Delivery Of'50,000

Btu from storage to the service watdrstheating system will, cause a drop in
, .

storage water temperature of 6°F (assuming no heat is. delivered frorrNthe
le iti,

. c* -. .
. . .

collectors to storage in the interim period). If the storage tank tem- ')
, a

peratuVe is less than 140°F, the useful heat del ivered Ito tbe sgrvice

water heati g system will be less thah that indicated. above,
-.

and the %

.,

auxil iaryfheati
.

unit will' be:required' to maintain the desired water

temperature_ the hot water heater. 4Q the summertime there Will be

A

enough heat in the, solar Ileated tank to supply the heat necessary for

the service hot wa'ter

',An al ternaste al;eangement to supply solar heat to the service- water

;

-, heating subsystem in the summer period is shOwn in 1.i4dre 10-2. Because

-,- 0 . 3

it is deli red to. maintkin,, the,temperature of %the ,,4ates in the storage tank

' above. 180'1-.40r:the; purpose of op, the ,absosisp-tion cooler, the solar
, . .

.. .

col lectido system will' not- operate unless the col-1 ecto,rs can .ael i yen
, . , . .

.,_.
water; temp,eidful'eg- --greater.---thaa,, -. 90° to 200°F. Thus the collector

. 4 . .. , -.4 -4
system will not begin to operate until late .inorninq and. will -shut 'off

.

early in the afternoon: ',The arrangerrient' shown in Figure' 1042 will

-

utilize the' splar'-col lectors for service water 'heating early ino the'
.

mo1-Fring and' al so late in the afternbon because the ni6ximum-s4kiice hot-(v03 -* -

Water temperature required is only iabout 140°F. The, use, of the collectors.
'41

o t
i his manner will reduce, the quantity of heVt Withdrawn from the storage

tank for service water-heating. .TI-ce arrange

the winter months because, the Water temperature
. , .. ., . . 'A,

'p-reheat tanks are 'about the same, sso.,that if soler, heat is deliverable' to

the preheat tank, i t,wil 1 al sb be.. deli Verable to"the storage tank.

, .

t will be less.° useful in .' _,

-
...

in.-the storage and

I.
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Cool ing Subsystem
. 4V,

The water from the top of the hot storage tank.is puriiped through -the

10 -10

/
Aenerator of the absorption chiller and is returned to the bottom of the

stprage tank aS shown, in Figure 10-1.y The three-way valves are positioned

to prevent hot water-passage, through the coils and by-passing the storage

tank. When the temperature of 'the water in the storage, tank

ficient to operate the chiller (the minimum operating temperature in the
..

k I

_

C g e n ea" a.t o r i4bout' 170°F) , the auxiliary boiler is411U to provide the
d

4 heat to the generator. When the auxil iarv-icoller is use', the-three-way

vayve diirects the flow to by-pass the return water-around the storage

. tank. ' .

t
40

,

As t, he circulation pump for hot water is started, the circulation
. ,

mp fo?'the,cooling tower also tarts. After a period of abitt ten
.

'minutes when the evaporator coilsare_cooled, the circulation pullip for

-

the chilled water storage is started. There are two interconnected cool
, N, 1.

water storage. tankJs. This arrangement provides for a measure of strati fi

.

qtion because the temperature of water in storagetank I will be colder

than the water temperature in,sforage tank II.

' When cooling1is' needed in 'the, building, the coldest water-fram

storage tank I is delivered to the cooling coils .in the duct, pr to the

A
fan units, 'and' warm water retUrhs to storage tank H. The warm

Water froff.ta
, -

I returns to the absorption 'chi 1 ler .to be rpcdOled

. . .

liihen, tool Mb' i s- not requiredred i n the building, the warm water' in

_ Iv E .

,A ... 'storage 'tank II is chilled and stored in 'tank I, and, the chiller continues.

'tn. operate until tank I .j.s' fully charged with:cotTwater. As-coolingi

.,
. -..,., .

I

is needed in the
. .o

.

.

ouse, he . chi l. e, d water circulation pump delivers the

o
ecad water. to, e,cooliAg

...

coils and returns warm water to storage tans II.
.

_

ThIs circulation wi. I continue s long as cooling is required end there' 't k,...
.

.
. 1.

...

°
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is sufficient cool water in storage,. When the cool water in storage

tank I reaches a pre-set leveljapprbximately one -third full) the

`absorption chiller will restart and dlliver cold water to storage IWk I

, and'to the load and continue,to operate until storage tank I has been recharged.

. In the cooling system arrangement, the absorption chiller will

operate continuously over longenViriods of time after starting, which

is beneficial'to the overall coefficient of performanCe (COP) of the

system. Intermittent cyclfng of Vhe absorption chiller may reduce the
.

effective COP from 0.7 to, say, 0.3 because heat is wasted during each

start and stop cycle.

An alternative arrangement of a cooling subsystem is shoWn in

Figure, 10-3, where two cooling coils are used and the cold wate in

storage can be used simultaneously with cold water from the absdrption

chiller to meet a heavy peak cooling load. When cold storage tank I

has been charged lith cold ,water, and the heat removal rate from roan
40 /

1

storedair is not sufficient by eithei' the chiller or circulation of the stored N
/_ *

cold water alone to maiptairi coMfort conditions, the cooling capability

of both the absorption chiller'and cold storage can be combined. /The "4

,arrangement shown, while potentially, 4usetu has pot been teste and
.

-

performance-data are- not available to indicate ,the advantages, d

operating:difficult* of the System. '

- ''. The-heakt delivery rate to a nominal 3-ton absorption chililer with a

COP. orabdut- 0.7 is 51,400 Btu/hr'2(36,000 : 0.71 If the difference in
r' f . .

water temperature between thepentrance and exit to the generator'i 10°F,

the flow rate through the generator must be about 10 gpm. Theiheat-
p

os
rem oval rate frqm the absorption chilier required is 87,400 Btu /hr

..

(51,400 ftti/Kr, froM the genejator plus 36,000 Btu/hr at fhe evaporator).*

If the cooling water from the tower isat,a ,temperature- near 75°F, and

fr .

266

/ is?



0 -17

Warfi
Storage

II

C

Coolin
Tore

Cold

1Storage

Absorptioil
Chiller

Room
Air,

4.

Figure 1Q-3. Al te.rnative- Cool ing Subsystem with Two Cool ing Coils

the water temperature is' del ive at about 90°F, the circulation rate to

the cooling tower should be a out 12 gpm. Assume that the hot storage

. tank contains water at 210°F d the system will operate until the tem-

peratiare .drops to 140 °.F; then there is enough heat in 1000 gallons of

water, storage to operate the chiller for about five hours.

- The quantit.y of water in
I

cool storage should be sufficient to pre-

vent frequent cycling of the chillerr,. _if two 250-gallon cold storage

- tanks are used, abut 2.5 hours of_continuous operation of the chiller

is needed to,chill' the water in cold storage from about 65 °F to 45°F.

With chilled water storoge; ,solar collectors lto operate the system during

267
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the day and 1000. gallons of hot water storage, the cooling system can,

operate continuously from mid-morning until late evening hours.

n

INSTALLATION CONSIDERATIONS

The,heating and cooling system should be assembled so as to minimize,*

=
piping lengths from the storage tank to the heating coil, storage tank to

the.servi-ce water heating subsyetem, and from the storage tank to the

,
absorption chiller. e shorter thepipe lengths, the less will b

,-, 401r

heat losses and pumping,head minimise operating costs, the pump

41,

,

heads, hence power requirements, should be as small as possib
,

The,pipes shoul,p bectell-insulated to minimize heat losses and heat

gains and the.hot and cold storage tank should also be well-insulated.

Despite wel1,7insulated'surfaces, ,thereswill'be heat flow tinto the build-

ing enclosure from the,golar equipment. 'during the heating season, the

heat losses from ,the equipment will be distri -buted into the building,

but during the pleating season the heat losses will add to the cooling ,

- load. \It -Ps- recommended therefore that the solar equipment be assembled

in a single room which can be vented outdoors during the cooling season

and indobrs,during,the heating season.

Equipment such as pumps and valves which require maintenance should

be located so that, they are easily accessible. The absorption chiller

will require at least annual maintenance and should be located with

sufficient-room-around the unit to facilitate, maintenance.

Centrifugal pumps are recommended in the heating and cooling system

because'they are.pressure-liMit41. Should the automatic valves become

inoperative, or lines become clogged for some reason, the pressure

created by the, pump will not be excessive so as to rupture the piper

26
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441I

The pumps should be located to cause self-prAing and with sufficient

head at the suction side to prevent vapor locking in the pump chamber. '

Carshould be exercised during assembly of pipes,;joints, and

valves and leak tests should be performed before insulation is applied.

With reasonable care durin4cassembly, much time and cost can be avoided

in :repairing leaks&

SOLAR HEATING AND EVAPORATIVE COOLING SYSTER16'

A slar air heating system with rock bed storage and an evaporative,

cooling unit is described in this section. Although .heat can be stored

in materials other than rocks, pebble-bed storage is preferred because

rocks are inexpensive and readily available. The rock bed used for heat

storage is also tited\-for,Fool Storage.

SYSTEM COMPONENTS

A schematic diag ai m of an air heating and nocturnal ling system

is shown in Figure 10-4. The cooling subsystem does not depend upon
ts

solar energy but utilizes the rock bed for'storage of cooling capability

during the night.,

As with the liquid heating solar system with absorption cooling

the collector-rand storage volume are size'd to meet the heating "needs.

A rock bed storage unit will normally be sized for 50'to 100 pounds

A , -0E-
(0.5 to 1.0 cubic foot) of roek for each squares foot -'of collector, and*,

ea'

constructed with sufficient depth to assure theimal-stratification.

The direction of air flow through a rock bed is normallivertical .

for best operation. During the heat storage cycle, heated air is usually *.
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LEGEND

EVC =EVAPORATIVE COOLER
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4

delUalg td the top of the gravel .bed, and discharged at the bottom.

In.a distance of, two to three feet in the direction o'f air' travel, all

of the: in the air isvtra Werred to the rocks. To provide for

adequate heat storage during the day, the depth- of the ;rock bed should
t

be about five to 'six feet, I .

°A single blower in the system-shown in Figure10-4 is-used both to

heat prid:cool the buildirrg. To enable service water heating'during the
. .

,.

summer months, a second blower needed to circulate hot air through .

4
.

the collectors and the air water heat exchanger.
, - ,
'The auxiliary heatertn the .system is used to supplement the solar

heat or to carry the,full load when solar heat is not available, The
. '

.

.

humidifier is used-during the heating season to condition the air

delivered to the rooms.

OPERATING CHARACTERISTICS
T.

e

Collection Subsystem J .

....

.
Thec.solar collectoh heat the air circulated by \.blower and the_

.

hot air is foreed,through thEikpebble;bed; usually from the top toward -
,

"vF

the.Uottom.' As the hot air5asSes throUgh,the pebble-bed, the heat

* .
-

is given up to the rocks and the air exits fromstorage at room tempera-
. _

'

ture. The bottom of storage is never Tess than roomlemperature beceuse . ../
..._.-

--.. .
,

: 11

'during the heat delivery cycle, the room air lows from the bottom
..,.

i

towartbe top. The cool air returns to the collector to 'he rehtated.

With an air flOw rate of 2 cfm per,,square foot of coTlector, theiair

temperatur rise will be 4:5 to 5.0.°F 'for each foot of travel through

. ,
.

the collector. Thus with a 16 foot length of air-travel through the
-'..

.
A

% . o

collector, the- temp rature rise is 70' fo.80°F. The quantityV heat
.. A , I.P.'
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stored in a pebble-bed'is about twia--thirds- of full capacgy because of

the s'tratificat'ion. With 20 tons of rock,.and 70°F temoeratdre rise,

about 375;000 Btu is stored. Fully Chailed. about 560,000 Btu can-be

stored in 20 tons of r4k. ,

lb

Heating Subsystem

An air heating solar systeman be arranged to heat.the rooms

directly from the collectors without passing thrdughstorage. To heat

the rooms from storage,',the air flows frail the cold toward\the hOt end

and the hottest air available from storage is_delivered to the rooms;

When the heat in storagb is'insufficient to maintain comfort colitions

in the-building, the auxiliary heater adds to the solar heat. Because

the room air is.always circulatOloihr6Ligh storage, 'all the available

'heat-in the storage 410t is utilized.
.

-ft

Service Water Heating Subsystem,,: t

The service water is preheated by solar heited air through an' ,

$

air-t6-water heat exchanger placed in the hot air duct from the collect
.,

tors.' The pump whichcirc-uTates the water is controlled by a differential*
tHenndstat, When, the air temperature from the collector is greater than,

the water temperature by, say, 20°F, water is:circUlated `through the

,-

.
.

:heat exchanger and heat is extracted from the air and transferred to the

water. If the water temperature reaches about 140°F, or the air tempera-

. .

ture is-lAs thani5°F warmer than the wateremperature, the pump is

stopped.
,

Z ,
*.

. ,
With a water circulation rate of 1.gpa,,and temperature rise CljO°F

in the water, the rate of heat extraction from the airis about tA0

Btu/hr Thus, when the solar collector is delivering 70,500 litu/hr, the

.
_ . f.

heat flow rate remaining in the air is 65,500 Btu/hr.
.

NM.

4

f
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Codling Subsysem

The etiaporatorcooler in the system of Figure 1`074 is used to cool:'.

the lock bed storage during cool night-Ame,hours. Du-rIng the day when

- cooling is. required in the building, the room air is drawn through thd

cdol stora.ge
4,
bed-and the cooled air, is distributed back to thd'roonis-

If the rock bed can be cooledTto 55°F during the night, and the

4V
building, air ikto be maintained at-?S' durit the day, the cooling

rate provided with4200.cfmAtr circulation rate is About 25,000 Btu/hr,,

or 2.1tons: The cooling capacity stored ln ikhe rock bed' with 20 tons
4 i

. I 4

of rock'is about 110,000 Btut.b At a cooling rate of 2.1 ions, there are*

abou 4.5 hours of coqling capability from the cool pebble -bed;A

. .,

e-bedY110
6

ti
4 - 8

% ' I °. . ,.

The evap4Ptor cooler is sized:by the air-flow rate, and temperature
'

t. 0

of the: cooled ail- depends upon the tdoor dry-and wet-bulb air temperaJ-, 4,,.

ltr li-fures. With low 4.111ilidity oPthe outdoor air, the evaporator cooler can':

. (
be us'ed.during.the day .to cool ;he room air. e cooled air/temperature, .

% . ,

hdwever,.wilf notbe aslaw as at,night.
,4- -

. - 0
\ \

INUOLATI011 CONSIDERATIONS

The-airtheating saysteril ckecuPy,three. times as much floor spice.

as a liquid heating and system and reqUires careful planning to
40

minimize wastedqloor-space. The dampefs.and blowers can be Arranged
.

In a compact air handler unit, and the duCts:tO tOe'c011.ectors, storage,
.'

oilh . , . 41.
. and the Horns connected to appropriate poets in the air handler,. .

11
: ,- - , .- .

. .

. ,
, Ca3e should bd.pertised in assembling the storage unit,and the

.

. ,

' ...: , r -

. ducts to prevOt air- Yeakage. The joints'in:Jhe stohbe box shoul0 be

,."AN.Zigy,A;-t, d andthe,duct-joints should jetaped or ilardcasted. 'Air:leakage..

...,

. ,

,,.
,,.-., .. . - 1 . - - , ,

fom'ducts.Wthin the anditlioned space is not lost, but con'Stitute5.

.
4 ' ;* ' t v. .: . )

P \4

.%.1. Web led heating., and is therefore wastefuk.''4 *f

; ,r44, _

9

21 3'.
"
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'4-
The blower should be arranged so that the air preSsure through

collector is subatmospheric. Any air leak in the collector array will

cause cold-air to be-drawn into the Collectors, WhicViedu)d be mixed
, , e. .

with the heated air, ,A quantity of air- -equal to the inflow leak will

be discharged outside- 'from the conditioned space. If the .afr through

the conector is-Tnder yeessure and there is a 'Iak in' tire; collect-Or

ray; hot air would be dischargegl andcool air would be drawn into the

ditioned space. While the quantity of:air leakage may be the same
el

in both cases, the quantity-of heat lost is greaterfor-the latter

because hot air, at say is wasted from the system-. In the former

.arrangementtroom air at 7QPF is wasted to the-autdoof's. While no'leak,

deoirable, the former arrangement ]roses Tess heat from. the system than,

the latter.

The duct leading to the evaporative cooler and discharging outdoors

thould ltepositively closed during the heating season, All .ai'r dampers
.

leak some amount and cold air drawn into the 'syst.em,through the codling
, .

ducts will reduce the air temperature in the system. Likevtise:,a slide'
,

damper should be iriserted in the by-pass duct' and for summer-tine-service
, ..

.watri heating.

3

2"

, .

pot

ee
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RODUCTION

S .
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. ..

.

The only adjustable cont ol, for the solar heating and cooling systems
. , . , . ...

.t, by the building occupant is he thermbstat ih theuilaing. However, there 4%0000
,

are many important controls in solar syster66 that automatically control the
.., ... .

pumps andbloWers,' valves
f

god dampers, and the auxiliati heaters to collect

ea 4

and deliver the heat. The operation and installation pr. nc. ples of the
,

.t
varsious sensors needed for,control areldispssed_in this modulo.

.

The objective of.the trainee is toungerstand the functi6n,aechables1 1
.--'. .

inS"tallation of control ,systems. At'thltnd of this module the
,

,
.

'. ,
ainee4should be able to

-,,
. .

..

. .

.

.-. ,

, 1.' Identify Control functions,

,2. Describe and diagram a control method,

3. , Recognize control methbds and hardware,

,
4_ Specify'contrkcomponents, ... tt:

,

5. jnstal 1 and maintain' control . systems :

r
,

. .

, P.
$

,

. 1.
-

BASIC CONTROL STRATEGY

CONTROL F iCTIONq

a

c ?'

V 0 .

i..
The basi Junction of the cont ller in asolar system is to collet.t--,-

as Much usefu heat as possible and to d when required to meet

rt.

-s.4the demands of the.building. The overall efficiedcy of the total -system'
,

., ,

Can be strongly infl
).

uenced' by the'contr011er.
,.

. T

A block diagram of a controller:is shownin'Figu ere 'll,f The thee
.. . \,\<,.,.

. . ,.. r
f

4. . Liilc components af.the controller are the sensbr Subsystem, the comparator .

, ., + s. .. t 4

. . e . :1 .

P

'*tr 2 . .

4

.09
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1';_2?'

-

. -

Sensor
Subsystem

' ,

.

pa r ogtor Our tout
Subsystem Devices

v

Figure 11-1 Block iagram RePresentatipn of a Contrdl

.
Subsystem, and the output subsystem. The function of .the sentor subsYstem'

is to measure temptratures and send, this information to'the comparator

subsystem. Tne comparator subsystem makes tthe- decisions regarding the

control, of output devices., such as the turning on and off of blowers and

pumps and the openi ngand.c1 in of valves and dampens.,

At the present. tirrte most comm &tally available control systems are

of the "on-off" 'type. That is, a pump or blower is 'either *ff. or on a.

fu capacity. The decision to turn the device, on or off -is baed on

/
temperature differences. For exampl e, con ider the )'schematic representa

,

tion of ,a solar system (hydroniCtype) :show in Figure 31-2; The, tempera-

turet sensors are indicated by, S1, S2, S3, and S`l -ineasui'eS the

,
d -

temperature of, the fluid at the. collector (or' the temperature of the .
v . , .I

, abs4rber, plate, depending oh the: type of, morti ng ) , 52' measure the

.
tempetature of the water in stora,ge , S3 Measures the. rciom. temperature

.,
. .

in- the building .(therecoUld .be several room temperature sensors), mini!
.. , . e. .

54 measures the temperat'ure of the water in,,tlie pfkeheat tank for ,service ,

I'' -. ,... , ., , ,

hot water, We shall conside hoW 51 and SZ are typically used in an ,

. . .
Oon-off" controller to contr 1 the collector pumps, shown as Pump-Number 1

. , . -,.,

and Pump' Number 2 in Figtn--e 11-2. Suppose that the temperature variation
... - . ,

thrdudhout 6 typical days is as, shown in. Figure 1-3. The soi,id d urve.( .

.
shows the storage .temperaeUre at,sensed by,'S2. As illustrated in Eigtrre

j,. .. ,
..-,.

11,

I

a.

11,-3, the collector temperature .wil I begin to /rise in morning -and

, .

, , '279:
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will exceedvthe storage temperature at some point. When the collector

itemperature exceeds the storage temperature by some preset amount, &ToN,.

typically about 20°F, the collector /storage pumps will be turned on by

the controller. This is indicated by point 1 Figure 11-3. This will

cause a sdrge of cooler fluid to circulate through the collectors;

, ..tAreby lowering the collector temperature,' as shown in the figure. If.

the decrease' in collector tempeV'a,tur s great enough to cause the
, .

.
, . .

,
. ..

, . r

difference between 011,, collector and orage temperatures to drop below.
,1

another preset value, 4TOFF, typidally t.3°F, the collector/storage .

pumps will be-turned off, as indicated by point.2 in the figure. The

temperature of the collector willagaiincrease rather rapidly to point

A , '
'`Il3 at which time ihe collector/storage:pumps will 'again be -turned on.

..... ,_ .

. The amowilt of cycling of tHis type should be minimized inorder-1.757reditoF

...

wear On the pumps:, pump motors, and retay corilits.(if relays. are used).
.

A,*- , . "I,

,' if there is suffikcient solar insoltio the collector temperature will,

4

kr*

-continue to increase as Illustrated.in he figure,and the pumps Will
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tremaion until late in the afte41rnoon. When the temperaiure'differen-
,

tial haS decreased again to' ATOFF' 'the collector/storage pumps will be

turned off. This is represented by point 4 on,:ehe figure. ''This will

cause.the collector temperature'to again increa*Se due-to the ono -floW,"-.

condition. If 4e temperature differential reaches AT0N, the pumps will

ag )n be turned-on (point 5 in the figure)., Thiswill lead to cooling

of the collectors (1)6-int 6). The collector tempeTature will start to increase,

but if the increase is not large enough:the pumps will remain off.

The sensors that are used in the sensor subsystem are typically

thermistors, thermocouples, or transistors. The sensors that are pro-_,

vided with the controller should be used,since the controller is usually

calibrated f9cA
,

particular sensor. This is particularly true if
A

thermistprs are used, since the voltage output of the thermistor is a

nonlinear function of temperature: Typical circuitry for a single

'function differential thermostat (controller) fs shown in Figure ll -4

[see reference]. I

Hysteresis

t5'

-Collector
. Sensor

Storage.
'Sensor

Figure 11-4. .Typical tircuTtry for'a Diff6-ential Thermo.stat.

4 'The.hystereOs'ts" represented pictorially in Fi.gure'11-5 and is

,realized physically by thCfeedbaWresistance shown in rigure 11-4.
4 :

,

I.



11-6

O

Off

1

ATOff ATOn
Temperature

. Difference

Ftgure 1175, Pictoi'ig4Repiesentation of Hysteresis-in

the Differential Thermostat

As shown in,Figure 11-5;,as the temperature difference increases and

eventually reaches the value of ATA, the signal to the output device is

,

such that the dev ice is turned on. If the
I

`temperature difference

decreases to the point where it is equal to ATOFF, the-OFF signal will

be:sent.to the output device.

Ratio Of-Temperature Difference .

4 44

If the temperature sensor for the collector 1s located. where the

sensor is rapidly cooled by the transport fluid, -the result can be:that

the collector PuMps will cycle on and off repeatedly. This cycling can,

also occur if the difference between the temperature to start and to 41

stop the system fs not properly selected. The ratio between' the on to

off temperature differences should be approximately five to.seven, In

10 example given in -the preceding paragraphs, the starting temperature

difference was 40°F and the.stopping temperature difference was 3°F.
o

The ratio is slightly less than seven. A larger value for this, ratio

A ,

will reduce the (total energy collected by the system, while a value

smaller than-five could cause cycling.

'Freezing .Protection

-Some controllers,are designed to incorporate an aquastat to compare

the temperature of the transport medium with some preset temperature

.4
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tion'measure against freezing,.because if there is s power failure during
. ,

.2

cold weather, the pumps will not .operate and the c6llectors'can freez
.

A

7.

-sych As the freezingtemperature of water. If the temperature of-UN

fluid in the collector approaches this preset temperaturethk pumps are.
. .

automatically started to circuate'the fluidor to heat the fluid from
. . .

..
. , . , . ,.

storage in order to prevent freezing. This is not a recommended protet-IR-

It is,preferred to use an antifreeze solution.tnthe collector loopy '

Two-Speed Pump

A two-speed pump may be consfdered as a,possibleway to regulate

the temperature rise in the collector -Co improve collection effi,ciency.

By changing to.a slower flow rate during periods of low sOlar

,

the system will collect heat at useful temperatures, whe.feas with.a.high
. :, ,

flow rate, the temperature of the fluid at. the-:collector outlet would be '-

.

. ,
low and the control would stop the collector pump.; When thetolar radia-

tion intensity is high, the flow rate can be increased: The fluid tempera-

ture would be reduced because of greater flow, and the collector,will

operate more efficiently.

I'
INSTALLATION OF CONIROL SYSTEM HARDWARE

431tw

(4:,

The solar system controls consist of power relays which switch elecT,
,

tric valvesaind puMpsim the 3?quid system; or bloWers and dampers in the

air, system, and auxili ary heating units 1n' both system's, iri response to
. .

I

temperatures temperature differences: Controls for solar sy tems,

funamentally-s rve the same functiogt-.as in conventional HVAC systems;

-however, there ar more control functions in solar systems and.als00'
..

there are 'interlocks" which prevent undesirable or hazardous sequences,
#

of operation. y'
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1 , -8

4fr 4

4,

Psolar-systam sbpplier should,pnovide the requited.controY hard- . ,

.
.

.-' ..,

ware, or at least specify lit,' along with icit wiring instructions.

Building a control system at the site should be voided unless experience

.r*

in this practice is avail.able.

..e.

,,:-

THERMOSTAT .

-,, -a , .60 .4' .,

,
e- A two-stalle heat,, indoor thermostat is recommended for resideqSial 0

4

.

sola,heating systems; and a two-stage heat, one-stage cool' type is
4 1

% -

recommended'for solar heating and cooling systems: Variations will

featur-4111P1 ", "off ",off." , "automatic" fan control to circulate the room_

air,' and "heat", "cool ",' or "automatic" switches from heating tccool)ng .40

or vice-versa to Vet the deed.
.

,

When cooling is required, the single-stage cooling provides indoor ,17

space temperature control. There'is a deadband, which is a small range

intemperature between starttd-stop sighlsgiven to the control

which in turn controls the cooling system. The deadbd fOr most thermo-

stats is about 5°F. The eating operation is a-bit more complex, Upon.

demand for heat, tha first. stage calls for the solar system to provide
. .

hea If building heat loss is greater than the solar system can
. -...,

provide, the temperature in-the. building will continue to drop to stage

two and the a'uxilioary syStem will '
be called ppon to,eovide heat: The

auxiliary systeal c.prOvide sufficient heat for the building by itself ..,-

on ir? combination' With thestlar system to raise the tempdcture ih the ''

room to,the upper temperature limit of 'stage one,..which stops the heating
,

-
, .

,,.
,

system. The upperhtemperature deadband is nominally about 2°F.

The'thermostat is thassonly control with which thetoctupani needs

to be concerned'. Once the Occupant sets the winter comfort control
1

4 .. . .. , . .

''.. rr i. 1

level to, say, 68°FfarTd the summer comfort level to1S.q7°F (or other' '

3 .

.

V
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1

/ ,



1P-9

suitable temperature's), no further adjustment or,temperature selection

heating
1 '

is needed for any other control in the-eond/or coolihg system.

The thermostat shouldAbe installed following st4ndard 4nstalTation

procedures. Instructions are normally supplied with the thermostat., Obvious,

ly, the thermostat shourd'be located at a position such that the temperature

at its point of location is representative of the average. temperature
=

within'the enclosure. f

* -

TEMPERATURE - SENSORS.

Type j,
°

'There are many types of 'temperature sensors that can be used in the

control subsy*M,such a's thermocouples, thermistors, silicon transistors,

bimetallic .elements, and liquid or vapor expansion units. Liquid or

vapor expansion units are seldom used because other temperature sensors

are more durable and dependable. Thermocouples are frequently used for

tempehture measurement. However, they are lot often used in controls

because the voltage output -l's low,.in the millivolt range, and without

',amplification the;/oltage is insufficient to be Usedin controls.

TheribistorIs and silicon transistors are used in the control subsystem -

beCause the.ioltige outputs.from these sensors are in the 0-1'0 volt

range and are high enough to serve the 'control functions. The voltage

outputs from thermistors are nonlinear, and calibration circuitry, must,

'be provided for the.nonlinearity. The 01.*r outputs :from silicon

transistors are linear in t,1-e.i_normal operating temperature range of solar

heatingand cooling systems, and provide forsimpler circuitry to control

the system. A schematic diagram of the silicti transistor temperature

sensor i s- shown in Figure 11-6.

b
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Lod'ation

APP

1, Y2 vbe

Figure 11-
i
6. Silicon Transistor Cincuit

ti

GAIN

The'locations of temperature sensors are not particularly critical,

0
butthere are some prefe redlocations. _Temperature sens*s are required

0

4

to measure the air or li uid temperature as it exits from the collector,

in the. solar storage to k, or, rock bed, and in the pre,beat_ir ter tank.,

The sensor in the condi Toned space is the thermostat.

The sensor which easures the fluid temperature at the collector

'outlet can be located n the manifold which collects the fluid from the

totalarray of collec .rs. _It is preferred that tIle'sensor be ih contact

Mth,the fluid, but i is acceptable for the sensor to be in contact with

the pipe, provided th re is good thermal contact of the sensor with the

pipe. If the sensor is attaChed to the outside of the outlet pipe, the

sensor should be wet insulated so that it does not lose the heat to the

su oundings and resister a low temperature. It is important to locate

1,



4
the sensor near the outlet so that it can register the fluid tempera-

ture when the sun is heating, the collector but the fluid s not circu-
,

lat,ing. Sensors in the outlet manifold will register the 'increase in

temperaturetbut_the sensor located far from the manifold will not, and

useful energy cannot then be collected. Wherever the sensor is located,

'the chara.G-teristics should be checked out when the system is'put into

opera ion. <

4 he sensor in the storage tank should be located near the bottom

, 'third inside the tank. When there.is no fluid circulation, the

temper ture at the fop of the tank will be slightly higher than the
0.0

bottom,V but while the fluid is in circulation, the fluid-in the tank

.is usuaOy well mixed and the temperature will be Uniform.

The', dcation orthe sensor in the preheat tank should be hear the

top one-third of the tank. If it Were located near the bottom, the

tempera,ture at the, top could be several degrees hotter, Also, when

hot wateris used in the household, coldiwater enters the preheat tank

near the botfom, _While the preheat tank would e thermally mixed when

the pump is started, frequent cycling could result from the sensor

registering loCally cold water temperatbre. For an air system, tbe

cycling,is not Particularly harmful because only one pumpaltbr the'

preheat cycle is involved. However, for the hydronic system, two
\

pumps will-be put into operation, and frequent cycling can be wasteful

of electric energy. , in both air and- liquid systems, more heat wouldsbe

lost than necessary from the pipes and heat exchangers because of

frequent cycling.

.The sensor in the pebble-bed should be located at the bottom (or
.

outlet) end of storage.' When heat is being stored, the bottom (or outlet)

end of storage will determine if storage is "full".
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CONTROL PANELS

1

Usually a central control panel is convenient to consolidate4the .

circuits and relays- that provide the control functions. The panel would

house the relays and provide for some adjustment of the temperature

limits. It is best to acquirea control panel from the solar equipment

1

'manufaFturer as a prewired unit to serve the tystem. All that needs to

be done with a prewired control panel is to connect the thermostat and

other temperature sensors, motor, auxiliary unit,'and the varves and

damper controls to the proper terminals in the control panel. The manu-

facturerwill provide the necessary instructions to make the connections.

The power for the control panel will usually be household 115-volt,

single-phase A.C. line pOwer.

TYPICAL CONTROL SUBSYSTEM

91.

CONTROL LOGIC, AIR SYSTEM

A sketch showing the sensor locati6ns for en .air gating sys-

tem with a domestic hot water preheater and an evapclrative cooler is io

- /

shown in Figure 11-7. The temperature sensor, Sl, is located.in the duct

'1

at the top of the collector. It should he located at the top to register

the temperature of the air a-it is heated by the collector, which rises

to the upper end of the collector even when the blower is not euaning.

The' temperature sensor S2 is located at the.bottom of the rock -bed storage.

When the temperature at S1 is greater than at S2 by a preset a`Mount,,,

blib,"ier 81 .is started and heat is delivered through storage. The teMpera7

ture ate sensor S2 will usually be the prevailing room air temperature

becau5e, during the previous night, the storage would have been used. and

room air enters the stor'agethe bottom', AP

29 .
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.
LEGEND

BDD'= BACK DRAFT DAMPER

.11

MD = MOTORIZED DAMPER

EVC = EVAPORATIVE COOLER

AUX = AUXILIARY HEATER'

B =BLOWER

HUM = HUMIDIFIER

P1* = PUMP

0

>J
0

V")

CC
w

O
S1

B2

MD 5

WS

MD 3

'MD 1

<1;C

1.1-1

)-- 3 V")

1.4
)--

CC 1.1-13 12

1:1
LI 0

81

AUX

MD 2'

O

COLD WATER
LINE

: Figure 1177. Schematic of an Air System (Sensor Locations)
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When the thermoitatS3 places a demand for heat, theslampers M02

and_HDD respond and direct the flow into the room,, provided that 51 is

greater than the first -stage temperature setting of SS by a preset amount.

,

i theIf the temperature n the room is not_increSsed by e solar heat provided

by the dollectors directly to the rooms, the second -stage contact is made

-, ,

.at S3. ,This could occur'when,solar energy is not available during.the,
A

day and, of course, at night. The dampers MD3 and MD5 are actuated, the

; -

flow.from the room is directed through storage, and the auxilia6v.furnace

.

is thin started. The damper MD5, is closed to offer more resistance along'

'.

the reverse path through the collectors. The air circulates from the

room, through storage, pdst the open damper MD1, and then through the

auxiliary'heater.

TO provide heat to,the service preheat water ta'nk, the temperature

at S4 is compared with Si. If Si' is greater. than S4 by a preset amount,

pump P1 is started and water is circulated throligh the cross -flow heat

,exchanger, unless S4 is greater than the temperature limiter which over-
,

rides the S1 -S4 command to prevent overheating the water. ,There is a

prior over -ride command on pump P1, which is that the blower gl must be

c7

:on. When the temperature difference Sl-S4 drops 'to the lower preset

temperature difference, -pump,P1

The control logic deScribed above for the air system serves to heat-

the hbuse and provide for storage of heat. The preset lohi temperature

,betwegn Si, S2, and S4" can be the same as for the hydronic system.

coolthe rock bed during the night,'a temperature sensor, S5, is

k

.4 I needed outside theLifding: 'This.sensOr can be located at he inlet end
4 c

.

of the duct leading to the.evaPoratOr cooler. When the temperature dif-
.

ferertFe S2-S5 is less-than a pres-et amount, outdoor air is drawn through '
,

the evaporator cooler Ancl,circulated through 5torage. The ,temperature

v



that is desirable to register outdoors is the wet-bulb temperature,, but

r

this jsnot easily accomplished: Thereforethe dry-bulb temperature
*

is .

used and theitontrol reference temperature, difference is set to allow

. for a prevailing wet-bulb temperature difference from the dry-bulb

temperature. In dry climates this control strategy wilt function satisz, "t'
4

factorily. There will be diffiCulties where tberange of relative humidity

can vary considerably at night,

During the day, the cool stage at thermiostat S3 demands'cooling.

Blower pi and the dampers are turned to circulate-the room air through

storage, provided thetemperature difference S3-S6 is greater than a pre-

set amount. The air circulation stops when the rooms cool and the contact
4

at S3 is open.

For djrect evaporative codling of the rooms, an additional control
40 4

circuitry is ,used which compares temperature dAfference S3-S6 to a preset
//

value. That is, when cooling is no longer being provided from storage,
5.

direct.evaporati.ve cooling is provided y outside air-through the EVC.
--

0

Although room aicoOld be circulated through the EVC for further cooling,
t.

-

it is not recommended because'the humidity in the building cah increase
.44

to an\uncomfortable level,

CONTROL ACTUATORS

44 4

. The pumps, bloWers, valves, and dampers are referred to as thecon,

trol actuators and produce the detired mechanical operation in response

to the electrical control signals. Pumps and blowers are wired through

manual switches from the control pane1.4The switch normally_remains on

and is a safety feature required in some electrical codes. The switches'
#

are to be placed near the motors and not at.the control panel.
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AUXILIARY HEAT CONTROL

. I , s.

The controls on a convent,ioaj boile or forced,air furnace must be

changed for solar'auxiliary:purposes to be actuated in conjunction with

. - .
.....

the punps,and bloWers in the serlr system. Theiseeopd .tage thermostat

is the main control to activate ap auxiliary heater.

I

CONTROL SYSTEM CHECK-OUT
_ .

I
It is well-co check the control system with a "dry" mill throogh he

full sequence of modes, The thermostat set points can usually be altere

to fake the desired modes. This will assure that 'the systemmi11, "work"

when it is first put into operation. 'Adjustments to the control system I

A

should be considered.to effect the highest performance,possible from the

system.- These adjatments include the setting .of temperature differen

tials and deadbands.

REFERENCES

1. Peltzman: E.S., "Differerhial Thermostats for Solar Energy System

Rho Sigma, Inc., 15150,Raymer St4-yet, Van Nuys, CA 91405.
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'INTRODPCTION

.; . t
,

The operations. labdratoe.y :is :ab .opportunity foe; the\ trainees to*gain ,
,

-1_,.

'6reater Odrorti andair solar systems and al so .for'"hadds

J.. ,
on!' experienCe .wi th of .ol.a`r.tsys The s.oi

. , -. y

systems:of the four GSU Solar H6uses re tape examined

' meats taken, and performanCe characteristics.deiermined

,t
models of .the solar systems are to be sseirtilect by' the

knowledge they have gaine ,in the course

OBJECTIVE

Atthe end a this module tt-titainee shobld be able to.71
so

,

1 Explain the- details of component arrangements in tydronic

and,air heating solar sytems,

4

heating- and Cdoting

in detail, measure-

L The Ai S'as semi)) ed

trainees Us_ing..0e

,

4. 00

2, 'Obtain memsurements from operating systems to understand. the .

.

Performance characteristfe? of solSr.tiydronic and Sir systems.:

. .

uL TIONS. 4

.ti

Four hOut;s are devoted to this laboratory pet'erldd. The class of

16

trainees. wi 11 be divided into four. gt:ouris ,and,each, Will be assigned an

,

instructor for the entire period'.
.... /0 .,,,

w. . . -

Group l,.- Group4 will be formed by trainees who are interested in

assemUling the model. hydronic system. The model system consists o

' collectors,, storage, pumps and valves, controls, 'and a load..' The model

is to be1assembled4u5ing tha knowledge ggSned in the training cdurse with
. , . .

.

e

2°S

ray

a
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.
l

minimal 'assistance from the instattor . The assembled system will be 40

,
, : ,

inspected by the instructor and' improper assembly will .receivd comment. ..,

_

: .,. , Group2. - Group 2 will be formed by trainees who are interested in
N-...., .

.
i-___, 4 .

.
aAsemblin- gthe model air "System.' The model consists of collectors, ducts,

. .

. . ,

'

,,

,',, . dampers', and. a blower. A control unit is prpvidetr. . The system is to be
,

,made operational and the completed assembly' will be inspected., 0'
, . .- .

c
. e .

',Groups 3 and 4 - ,Groups 3 and 4 will...include, the balance of the, class
. .

.9

°-' of t rainees. The two 'groups 'will, study the detail . - ti ng solar,

systems and obtain measurements. Thi experiente '.in rom this:elercise
, .

.
.

will 'develop a better understanding of 'system operating characteristics.
..

-A schedule fat' the four, groups aurin'g the latioratory period is

presented in Table 12-1..

Table 1'2-1-

Operations,Laboratory Schedule

.

'Event
.

. Group

1 2 3.
,

Model Assembly of Litrid System

, Modele.Assewbly of Air System ,

.
,..

`, Inspection of.Solar House III

,vs-

flo
, .

Inspection of Solar use IV )
-

,t of Solar House IC k- Out

.

Check Out of Solar House II ".

41:00_

3:0b

4:00'

.

1:00

4:00

3:00
,

-

_
;

1:00 ,

3:00

...

',

.
.

3:00

1:0

MODEL ASSEMBLY

OPERATIONS LABORATORYEVENTS

z.

t

I

An essential .aspect of developing experience in the installation

.

of solar heating and codling systelns is to assemble. solar systenisa

., 299
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-
Although they are models of larger systems and only a feW collectors are

4

.used, the ;experience of assemblingothe models Zvi 11 prove useful. -The

trainees should organize as a team and work together to complete the

project.

The emptasis in-the exercises is placed on.locating the solar compo-

12-3

o

. ,

nente,iri a-proper arrangement-to form a complete system.
.

Flexible ddcts
.

-

and pipes'are used foi-convenience in this model. The instructor will be

t ,available.for questions, but the trainees'should perform the assembly of

all parts. After assembly, the instructor will provide comments and
. °

discuss alternative arrangements.

Liquid System Component's

The components of the model liquid-heating solar system include:

1. Twosolar'collector modules

2, Collector support structure

3. - Hot water storage tank

4. Twolpumps

0
5.. Simulated load

6. Valves, piping, and controls.

Assembly andTest I

A schematic diagram of the model is shown in Figure 12-1. The

trainees shbuld study the diagram before beginning assembiii of the model,

4

It is possible that an alternative arrangement may be desired by partici-

pants in the group. Detailed instructions for ass embly are not provided; ,

I

rather the partici nts should decide the order of assembly.

After the model has been assembled, the system should be operated

and the performance of the collector deterMined. For this purpose,

temperatuAs shbuld,be measured At appropriate locations. The flow

;31J0
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12-S

rates through the collector pimp can be determined by measuring the' /'
.

.

difference in pressure across'the pump and referringto the discharge

rating curve shown in Figure 12-2. The pumps have different capacity

,
curves, depending upon pump,speed. The solar radiation measured at one

. of the 'Sola.r-Houses should be Obtained for use in determining the collec-
,

tor performance.
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Air System Components

The componeftS of therriodel,air-heating solar system include:.

1. Two solar co9e tof modules

2. Collector support structure

t3. Pebble-bed storage unit

4. Blowers, dampers; and flexible ducting

/;
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5. -Contrcils

6. ,Simulated auxiliary furnace.

12:

Assembly and Test

The
A
'recommended assembly of the air solar system del is shown

schematically in,Figure°12-3, andhe Control 'logic A shown in Figure

12-4. After assembling the components of the model, the system should

be made operational. For this purposeva wiring,di gram for the model

system is shown in Figure'12-5, and the terminal s p connections are

shownin Figure'12-6. Four modes of operation are indicated in figure

12-7. .

The sSts"tem should-be tested and tlie perfdrma ce of the collectors

determined bY,measuring temperature.s at appropria e locations. The flow
. .

.1

rate for.the blower will .be provikd by the instr ctor and the'nlar

,

rediation can be obtained from the pyranometer r ings on one of the

solar, house's.
. .

-
s

. '.SYSTEM INSPECTIONS *

''The trainees Will be given apptYximately a 30-minute briefing of
,

the solar systems in the-houseS' and detailed locations of temperatdre

sensors that are.used for control and monitoring purposes. A detailed
.

inspection of the system should be condulted by the trainees. Each should<

become.fully familiar with the arrangementsof different components of

the syitemS:

°

--SYSTEM CHECK-OUTS ,

'Following the'installation of any solar system or during a service

,

.

call$ ,it .is recommended that the system be checked for proper performance.

r

- 3 0
0



o

.5;r:

S.

.1,

6

1

Col I ector

Out In

12. T

D5

BD

eff From RO:om

Hot Water
, Pre - heater .w.

TC4 Dir

To Room I D3

DI,

Symbol s :

TC - Temperature
Cori trol

D Darriper -

BD Backdra ft

Damper ,

Fi gure
.

.1 3 . 5,cherla tic Diagram- of the 'Air: Salar System Pilo det

. - .

# . . .
.

.
,,

:

. , 4 . / , r

B

.

' Differentia ".
Temperotore
Co9rtcol I e r

4

a. DI Opens;

D5 Opens

Room
Thermostat

Key

And

0r

---(> t

cD Time Deloy

r

or

Fon
Runs

D2" '
peps

-D4 Operts

,

' Symbols:

T C - 'Temperature
Cop trol

0 - Damper
BD, - Bacl*a ft

Damper

A

Blower 'Thermopston

Au; Heater Switch

Figure 1,2-4 . Cori,trol Logic Di agrain

305

ek

Ia

I

Aux
Heater

Runs

/

V



4.

1 .1228 .

I__ _LI
, .

I20V AC 24V

;

.

. ... 4!

Differential .
1/Temperature

Cdntroller .
r ..

1° 1
TCI TC2

, Room
The/most° t

DI

TC 4

It.

D2

D4

, Main
Switch

Fan Motor

.
YTDR(30sec)

Auxiliary
.T.C3 Heater .

81.6wer Switch Auxiliary
Therinostat s Heater

i

Figure, 12-5. Wiring Diagram or Model Air System-

Room Thermdstot

Differentlol (High)

'Dlfferentlol.( Low)

Donmpe I (50

f
mper 2 (52)

Domper-3 (53)

.,1)Oriiper 4 (54)

E4Figure 1216. Terminal-:Strip'ConneOions

.306(

1,

ti



* :I) No 'Heat 'Available and N,o Heat Needed, ( System Off )
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Figure 1277. Modes.ot Operation
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12-10

If abnormal situations 'arise', the nature of the difficulty Should be

identified and the problem corrected./

An appropriate-check list should be used toevaluate,the performance
fc

of a solar system. The particular forms.. provided in this module will.be

discussed by the instructor. After the explanations, the trainees will

endeavor to obtain a set of readings. Exapples of a number of different

data sets leading to different difficulties are-provided. These examples
,

will be discussed and the troubles will be identified.

308
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EXAMPLE DATA

FROM A LIQUID-HEATING SOLAR SYSTEM

. FOR

HEATING AND COOLING A

RESIDENTIAL BUILDING

4
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Table 12-2. System Check' List (Liquid), Example 1

( 310

Readings

COLLECTOR LOOP

.1. Inlet.temperature
.

to collector .

196°F
2..Outlet temperature from collector 198.°F. , ,._ . 1,

3. Col4ectortemperature-to heat exchanger/storage 197°F e

4INC011ector,lemperature from.heit exchanger /storage 196°F
5.W011ectOr loop flow rate . ' 16.1 gpm

..

6,..-Condition of collet-tor '
. .

a. Broken glass? none , "--.-/-

b. Dirt accumulation? .911.:the

*7. SR* tank level .
low .

,

Remarks

THERMAL STORW,UNITS ": _

1. Storage tank temperature (top)
2. Storage tank temperature (middle)

temperature4. Storage-tinl: temperature (below tankc.

3. Storage tank temperature (bottom)

*5. Cool storage.supply to cooling unit
*6.. Cool storage return from cooling unit

HEATING/CakING LOAD

1. Storage /collector- temperature to load
2. Storage/collector temperature from'load
3. Load flow rate
4. Solae/auxiliary.valve position
5. Heating/cooling valve position
6. Return air temperature
7. Supply air temperature

*As appropriate to the particular system-design

17.6°F

176°F
-172°V
146F

94°F
88°F

0.5 gpm

solar
heating

70°F
70°F

a

f

.34
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Table 12-2. System Check List (Liquid System), Example 1 (continued)

COOLING

1. Cboling toyer flow rate
2. Cooling_ tdwer ,apply temperature
3, Cooling tower return temperature
4> Eyaporator tempei-ature

5. Condenspr temperature
6. Vacuum (pressured- .)

'*7. AirAtflo0 -across evaporator.

*8. Liquid `flow across chiller

2 A6
DOMESTIC ROT. WATER (DHW) W

Readings

0-

a_

1 ..DHW preheat :temperature 128°F
2. DHW auxiliary tank temperat*e 142°F
3. DHW cold water main temperature. (gas) ,

, 64°F
4. Storage to preheat temperature 1.76°F
5. Storage, from preheat temperature 174°F
6. Total water flow cumulative

THERMOSTAT SETTINGS-.

Houses: Heating 68°F Cooling_ 72°F

Storage tank: Heating 100°F Cool ing 170. F

r . Auxiliary; ' Boi ler, .150°F Hot Water
.ir 140°F

. . . , . .

SYSTEM LINE UP FOR APPROPRIATE, MODE
.

,
.

Remarks:

r"312

J

4

-

*As .appropriate to the particraar system design
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COLLECTOR LOOP

IF
Table 12-3. System Check List (Liquid)Example 2

Readifigs Remarks

temperature'to collector "208°F
. 2. Outlet temperature from collector 212°F
3. Collector temperature to 'heat exchanger/storage 212°F
4. Collector temperature from heat exchanger/storage208°F
5. Collector loop flow rate ,, 17.3 gpm
6. Condition of collector

a. Broken glass? Panel #2 lower glass
b. Dirt accumulation? slight

*7. Surge tank level low
-----

THERMAL STORAGE UNITS

1. Storage tanktemperature,(top) 209°F
2. Storage tank temperature (middle) 209°F
3. Storage tank -temperature (bottom) 209°F

o

4. Storage tank temperaturVbelow tank) 180 °F

*5. Cool storage supply to ling unit 209°F
*6. Cool storage return from C9olIng unit ZJ7°F

HEATING /COOLING LOAD

1. Storage/collector temperature to load
2. Storage/collector temperature from load*
3. Load flow rat

,4. Solar/auxiliary valve positipn

5. Heating/cooling'valve position
6. Return air temperature .

7. Supply air temperature

*As appropriate to the particular system design

209 °F

2107 °F

0.2 gpm
solar
cooling
82°F

4 WTI,

315
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Table 12-3. System Chec List (Liquid System), example 2 (continued)

Readiligs, Remarks

1:- Cooling tower flow rate 10,6 EaS
2. Cooling tower supply temperature "Wnl4

°F

3. Cooling tower'return temperature 73 °F

4. tvaporatortemper'ature 70 °F : .
,

5. Condenser temperature, <.; -7'2 °F .
,l,

6. -Vacuum (pressure) .
:; .

__.

*7. Air flow crciss_evapor,ator 1550 cfm
*8. Liquid flow across'chiller ' --

DOMEST HOT WATER (bHW)

1. DHWHpNeheat temperature
2. DHW au4.1tary tank temperature 140°F

3. DHW(Clad water main temperature
4. StOtale to preheat temperature
5. Stqrage from preheat temperature
6. *Tot 1 waten flow cumulative

T1THERMOSTAT SET- NGS-/'

i-lpilse: Heating 68°F Cooling 72°F

Storage tank:. ' Heating 3(163T-c. Cooling 76-6-1.-\

!...

Aui 140°Fdliary: WaterBoiler 200°F Hot W

135°F

60°F

SYSTEM LINE UP FOR.APPROPRIkIE MODE

-
Remarks:

4

. *Ns appropriate to the particuir stem design

317
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COLLECTOR LOOP
-

able 12-4. System Check List (Liqu400 Example 3

Readings

;

Remarks
,

1. Inlet temperature to Collector 141°F
2. Outlet temperature from collector

. 148°F .

3. 'Collector temperature to heat 'exchanger /storage

4. Collector temperatui-e from heat exchanger /storage 142°F
5. Collector loop flow rate ) 2.6 gpm
6. Condition of collector

a. Broken glass? nnnp
. b. Dirt accumulation? consiOerable

17. 'Surge tank level "> 1/2 full -

f

THERMAL STORAGE 'UNITS
°

1. Storage tank temperature (top) - 153(!F
2. Storage tank temperature (middle) 153°F

-

3. Storage tank temperature (bottom) . 152°F
4.- Storage tank temperature (below tank) 112°F
*5. Cool storage supply to cooling unit NA
*6. Cool storage return from cooling unit NA'

HEATING/COOLING LOAD, .,
1. Storage/collector temperature to load 152°F
2. Storage/collector temperature frorii load 141°F
3. Load flow rate 10.3 gpm '

4.. Solar/auxiliary valve position Auxil
'5. Heating /cooling valve position Cooling
6. Return air temperature .7.6°F ,

7. Supply ait:`tenlperatUre , 4 70°F

*As. appropriate to the particular system,.Aesign
Yea
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Table 12-4., System .Check List (Liquid System), ;Example 3 (contfnued) 1

'COOLING

1. Cooling tcq:;er floy rate

E. Cooling tower' supply temO.rature

Readings

10.1'gpm
69°F

. Remarks

3. Cooling tower return temperature 78°F

4. Evaporator temperature 48°F
5.

6.

Cordenser temperature
Vacuum (pressure)._

75°F

*7_ fir flow across evaporator
*8. Liquid flow across chiller

DOMESTIC HOT WATER (DHW)

15.514, fm

t.4w..
,

1. DHW preheat temperature 132°F

2. DHW auxiliary tank temperature 140'F

3. DHW cold water main tempet-atue-. 60 °F.

..11. Storage to preheat temperature 150 °F
...4

5. Storage from preheat temperatUre 142°k.

6. Total water flow cumulative :

,

THERMOS1AT SETTINGS

House:

Storage tank:
Auxiliary:

!

Heating 68°F Cool
, 4
ing. '72°F

Heating 100°F Cooling- 180 °F

Boiler '160°F Hot Vater vo F

SYSTtM LINE UP FOR APPROPRIATE MODE

Remarks:

32.3

N.

*As appropriate to the particular system design
4

'

,321



Table 12-5. System CheckList (Liquid), Example 4

COLLECTOR LOOP

1. Inlet temperature to collector 195°F
2. Outlet temperature from collectOr 2Q3°F

3. Collector temperature to hat exchanger/storage 2 2 F

4. Collector temperature from heat exchanger/storagel96°F
5. Collector loop flow rate - 17.3gpm
6. Condition of collector

'a. Broken glassl none
b. Dirt accumulation? slight.

*7. Surge tank level ° / --low

-Readings

THERMAL STORAGE UNITS

1. Storage tank
'2. Storage tank
3. Storage tank
4. Storage tank

*5. Cool storage
*6. Cool storage

so-

Remarks

temperature,(top) 201°F
temperature (middle 31;319-7

temperature (bottom)

4
--,.9.,

...

temperature (below tank), 156°F

supply tecooling unit-
return from cooling unit

HEATING/COOLING LOAD

1. Storage/collector temperature to load 200 °F

2. Storage/collector temperature front load ' 191°F

:: Load flow rate 11.2 gpm

4. Solar/auxiliary valve position I solar

. 5. Heating/cooling valve position 4 cooling

'6. Return air temperature iser

7. Supply air temperature t , ..7-Tir9T-4

r

'*As appropriate to the particular system design

3t?,3



Table 12-5. System -Check List (Liquid. System), Example 4 con inuedk

Readings Remarks

COOLING

1. Coolini9 tower flow rate
2. Cooling tower supply temperature
3. Cooling tower return temperature
4.-Evaporator temperature
.5. Condenser temperature
6. Vacuum cilressur4)

'*7. Air flow across evaporator'
*8. Liquid flow 66r6ss-chiller

DOMESTIC HOT WATER (DHW)

1. DHW prehearteTperature
2, DHWAuxiliary tank temperature
'3. DHW cold wpter main temperature
4. Storageetd kreheat temperature
5. = Storage from preheat temperature
6. Total water flow cumulative

THERMOSTAT SETTINGS

Ho_ukt:

Storage tank:
Auxiliary:

Heating 68°F
Heating. 150 °F

Boiler _191

SYSTEM LINE UP FOR ARPROPRIATEMODE

Rema;.-kS:

32d

T

1
10.3gpm

72°F
**. 7.9°F

42°F
76°F k

1500 cfm

140°F
'140°F

65°F
86°F
91°F

Cooling 72°F
Cooling 188°F

.Hot Water 140°F

11,

*As appropriate to the particular system design

kC
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° Table 12-6. System Check List"(Liq

A

COLLECTOR OOP s. 4.

1. Inlet temperature to collector*
2. Outlet temperature from collector
3 Collector-)temperature to heat exchanger /storage

4. Collector temperature from heat exchanger/stora
5. Co ctor loop flow rate ( '

. 6.. Co tion,of collector .

. --,
.

a_ roken glass? 2 patels..(lowei
b. Dirt accumulation? slight

7 Surge tank level .

. ,

THERMAL STQRAGE VITS

. 1. Storage tank temperature ( -top),

'2. Storage tank temperature (miaidile
3. Storage tank temperature (bottom)

. 4. Storage tank temperature (below tank)
*5 Cobl Storage qUpplY to.coolimunit
*6. goolstorage return from cooling unit

HEATING/COOLING LOAD -

glass),

id

Readings .

170°F
178°Fbv
176PF

ge171°F
;46.2 gpm

1. Storage/colTe.ctOrtemperaturd tb load
2. Storage/collector. teliptrature from load

Load flow. -rate

4.. Solar/auxilialw--malve Opsttion
5. 'Heating/co6ling. valve position

6. Returh'aq temperature
4V- .7 Supply atr temperature

. D .. ,"'N-1.7--z\,_ . 1. !,
illt

1As-aRpropriate,to.ttie Particular system design
. . .

r--.

.

326
tt

A

o."

low

175 °F

175°F
172°F
140°F

V

1'/4°F

1.73°F

p.6gpm
. solar,

t76°F

7°F.

ti

Remarks

4fr

,(14

. . t

t,'

327.
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.

*7. .Air flow across. evaporator

*8. Liquid flow across chiller

'DOMESTIC HOT WATER (DHW)

_

,

tor Table 12-6. System Check List (Liquid Stem)., Example 5 '(continued)

COOLING A

1. Cooling tower 'flow rate
'Cooling tower supply temperature

,3.-Cooling.tower return temperature.

4. Evaporator temperature
5. Condenser temperature
6. 1/quom (pressure)

Readings Remarks .'

10.6 gpm-1

80°F
82°F

.6161: (-74.-10
82 °F

7--

r_

328

1600 t.1

. DHW preheat temperature
2: DHW auxiliary tank temperature
3. DHW cold water main temperature
4. Storage to preheat =temperature
5. Storage frOm preheat' temperature-

136 °F

\.)

14.)

14(717-?

-w1-3.5°T
UT6T.

6. Total'water flow cumulative-

THERMOSTAT SETTINGS

House: Heating 68 °F Cooling 70°F

.Auxiliai-y: Boiler L80°F\ of Water

7/Cooling 1TT.
140 F

Storage tank: Heating lopes.

SYSTEWLINE UP FOrAPPROPRIATE MODE

Remarks:

4,4
4161!

*As a p prite to the particular system design
0

1
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. Table 12-7. System Check List (Ail , Example 1

s.

COLLECTOR LOOP.

1. Inlet temperature to Collector'
... . ..- <

2. Outlet tempetature from collector
..

.

$. Air temp. before heat exchanger
..

4. Air temp. after heat exchanger'

Readings

. 76°F

Remarks
4

4

151°F

' 13'7°F131°F

2 129°F

5. Col lector loop air flow rate . 1510 cfm.
. .

6. Condi
e
tions of col lector

lower
a. Broken glass? Panel h., cover

b. Di rt accumulition? None

125°F

.

THERMAL' STORAGE UNITS

1. Inlet temperature

1

2. Storage unit temperature (top) 124°F

3. Storage unit temperature (middle) 122°F

4. Storage unit temperature (bottoM) 81°F

5. Outlet temperature 7i1°F

.
1

"HEATING /COOLING LOAD .
.1

1. Room air supply temperature 126°F' .. 4,Ali. .1

73°F
P- 2.,.Room air retbrn temperature

*

3. Air flew rate ,to( rooms

DOMESTIC HOT 4IATER (DHW), '
1. DHW preheats temperature

'2. DHW auxiliary tank temp. setting

3. DHW cold water main 'temperatu're

4. Air /liquid exchanger to preheat temp

5. Ai riliqu-id exchanger from preheat temp

6.. Wa,terflow rate through heat exchanger

1510 cfm
',.

:,,

,
132 °F

if.
:

142°F 1

70°F
. .

136°F 3

130°F

THERMOSTAT SETTINGS-
-

House: Heating 72°F

,Stok-119e Unit: Heating 100°F

Auxiliary: . Boiler 160°F Hot Water 140°F

,
r

.
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Table 12-8. System Check List (Ai r), Example 2,

Reddings Remarks 11 ,

COLLECTOR LOOP

1. Inlet temperature' to collector- 75°F

2. Outlet temperature from collector 175 °.F

3. Air temp. before heat exchanger 163°F

4. Air temp. after heat exchahger 147°F

5.. Collector loop air., flow rate 7$0 cfm . ,..,

6. Condiiions of collector 4 .

.a. Broken glass? None 4

b. Dirt accumul ti . slight"

THERMAL ST.ORAGEANI TS

1. 'Inlet temperature

2. Storage unit temperature (tbp)

3. Storage unit temperature (middle))

4. Storage unit temperature (bottom)

5. Outlet temperature
r

HEATING/COOLING LOAD

1. Room ai r supply. temperature

2. R6om ai r rett.frn temperature

3. Air flow rate to rooms'

,DOMESTIC HOT WATER (DHW)

14

143

79°

76 F
72

°F

off

off

off

1. DHW preheat temperature / 96°F

2. DHW ary -tank temp. setting 144°F
/

3,HW cold water main temperature 62°F
gr

4. Air /liquid exchanger to preheat temp 133°F

5. Ai r/1 iquid exchangerefrom preheat temp 95°F

6. Waterfiow rate 'through heat exchanger

THERMOSTAT SETTINGS

House: Head ng- 70°F

Storage Unit: Heating 100°F
A
Auxi 1 iarY:4 Boiler 150°F

Ai.

, .

Hot Water 140°F

32 2
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Table 12-9. System Check List (Air), ExaMple 3

Readings 'Remarks,

COLLECTOR LOOP

1. Inlet tempetature to collector 41°F

2. Outlet temperature from collector 40°F

3. Air temp. before lieat'exchanger 52°F

4. Air temp. after heat exchatger 51°F

5. CollectOrloop air flow rate

6. Conditions of collector

a. Broken glass? Night

b. Dirt accumulation? Night

THERMAL STORAGE UNITS

1. Inlet temperature
. 153°F

S..

2. Storage unit temperature (top) 151°F

3. Storage unit temperature middle) 148°F

4. Storage unit temperature (bottom) 83°F

5. Outlet temperature '80°F

HEATING/COOLING LOAD

1. Room afrsuliply temperature 150°F

2. Room air return temperature 68°F.

3. Air flow rate to.rooms 1430 cfm

DOMESTIC HOT WATER (DHW)

1 ,DHW preheat temperature 126°F

2. DHW auxiliary tank temp. setting 142°F

3. DHW cold water main temperature 63°F

4. Air/liquid exchanger to preheat tog). 76°F

5. Air/liquid exchangefrom preheat temp 75°F

6. Water flow rate through heat exchanger

, ...,...

THERMOSTAT SETTINGS
l

I

House: Heating' 68°F

Storage Unit: Heating 100°F
-.... "----........"'

Auxiliary: Wig!' 150°F
. Hot Water 145°F

/..

t.

'1
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Operations System Check List

(Liquid System),

Readings

COLLECTOR LOOP

1. Inlet temperature to collector
2. Outlet temperature from collector
3. Collector temperature to heat exchanger/storage
4. Collector temperature from heat exchanger/storage
5. Collector sloop flow rate
6. Condition of collector

a. Broken glass?
b. Dirtaccumulation?

*7. Surge tank -level

THERMAL STORAGE UNITS'

1. Starage'tank
2. Storage tank
3. Storage tank
4. Storage tahl
*5,. Cool storage

*6. "Cool storaA

temperature (top)
temperature (middle) s

temperature (bottom) °

temperature (below tank)
supply to cooling unit
return from cooling unit

HEATING/COOLING LOAD

1. Storage/collector temperature to load
2. Storage/collector temperature from load
3. Load flow rate
4. Solar/auxiliary valve position
5. Heating/cooling valve positiori
6. Return air temperattfre
7. Supply air tOperature

**As appropriate to the particular system design

335
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Operations System Check.tist (continued)

337

eg,

\ , Readfings Remarks

COOLING
4

1. Cooling tower flow rate
2. Cooling'tower supply temperature
3. Cooling tower return temperature
4. Evapol.ator temperature.
5. Condenser temperature
6. Vacuum (pressure)
*7. Air flovacross evaporator
*8. Liquid flow across chiller

DOMESTIC HOT WATER (DHW)

1. DHW preheat temperature
DHW auxiliary tank temperature

3. DHW cold water main temperature
4. Storage to preheat temperature
5. Storage from preheat temperature
6. Total water flow cumulative

/

THERMOSTAT SETTINGS

House: Heating ,.....^ Cooling,
.

Storage tank:* Heating Cooling
,

Auxiliary: Boiler Hof Water

4
SYSTEM'LINE UP FOR APPROPRIATE MODE

Remarks:

" *As appropriate to the particular system design

f'4
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COLLECTOR LOOP

1. Inlet temperature to collector

2. Outlet temperature from collector

3. Air temp. before heat exchanger

4.. Air temp. after heat. exchanger

5. Collector loop air flow rate

6. Conditions of collector

a. Broken glass?

'Operations System Check List (Air System)
0

46

b. Dirt accumulation?

THERMAL STORAGEUNITS

1.Inlet temperature

2. Storage unit temperature (top)

3. Storage unit temperature (middle)

4. Storage unit temperature (bottom)

5. Outlet temperature

HEATING/COOLING LOAD

1. Room air supply temperature

2.loorp air return temperature

'3. Air flow rate to rooms

DOMESTIC HOT WATER (DHW)

-1.THW preheat temperature

2. DHW auxiliary tank temp. setting

3. DHWcold water maim, temperature

4. Air/liquid exchanger to preheat .temp,

5. Air/liquid exchanger from preheat temp .

6. Water flow rate through heat exchanggr

.

Readings # Remarks

'THERMOSTAT SETTINGS

House: Heating

Storage Unit: Heating.

Auxiliary: Boiler Hot Water

.#0

339
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°

ft" ........'.. ,

. , .0'.. 0

'' COLLECTOR LOOP

"

OperatiorA "System ,Check List

(Liquid SysteM)

.

Readings
r;

1. ,Iir)'et temperature to CO1 lector 4.

..

.,
.

2'. Opt] et, temperature from col lector
-Z. .IA

'ti 3. CO11 ector temperathre to heat exchanger /storage k
4:. Coil ettor temperature fro eat exchanger/storagE

6
a

.

1

1,

/ .; 1 5.t Collector loop flow rate _
t...

-

,/
.,

6 44.Contiftionof collector / /-*

= 10
- .a. Broke gl ass ?'

,-

.
b: k dcvmul ati on?

.

Remarks

14)

. . .

:
Qb tHERMAL STOAd UNITS ' ,

t

..
... .

0
,

-. -- . 1. 5 torage, tank, temperature (top),

1----'.

2. 'Storge tank temsergture (middle)

3..Storage tarik,:tema-rature, (bottom)

4. Storage Ignk -temp.. ture (below tank)

. .
*5, Cool storage: suppi o cool inguni t

;I .it' :,',:', , a *6. _Cool stOrd98 return from cool ing.uni t
.:.!...

.
. le 4

HEATINB/GOOLING LOAD .
.

.
.

1 . Storage/Col lector t temper.empeaure "to load
,..2: Storage4olltctor temperature from load

3. Load flOv rate
4. Solar/auxiliary Val ye' position

5. Heating/cooiing ,valve positior .
,
-t 6. Retum.air .temperature ..

7. Supply a&r temperature ' f

. Surge, level

'*As appropriate to the particular system design

4

,

to

.1%.

4.
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P."
1' A

1

or

1

a I

2

COOLING

,
Operqtions System Check List (continued)

1. Cabo toWer flow rite
2- CoOring. tower supply temperature
3. Cboling-tower return temperature

. 4. Evaporator temperature
: T.:Condenser temperature

6. Vacuum (pressure)
*1. Air-fl6w..actdss evaporat6r
*8: Liquid flow.acrosp.degiljer

Readings Remarks.

Oa,

its

DOMESTIC. HOT WgER (pliw)

'1. DHW preheat temperature
2. DHW auxiliary .tank tempe

3,. DHW cold wateronain temp re4-

_4. Storage to preheat temperature-
5. Storage from prehe.at. teiMPereeture

6. Total water flow cumulative

e..

74
THERMOSTATISETTINGS

House: -. Heating .Cooling

StOrage tank:. Heating Cooling

Auxiliary: Boiler....._4.:____L , Hot Water

342

A

SYSTEM LINE UP FOR APPROPRIAT 401E

Remarks:

4

*As a propriate:ta-the particular system design

313
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Operations System Check List (Air, System)

coLLEcTopLOOr

1. Inlet temperature to collector .

Outlet temperature from collector

3. Air temp.-before heat exchanger

4. Air temp. after he eichabger

5. Collector,loop airflow rate

6. conditions of collector

a. Brpkep

b. Dirt accumulation ?',

THERMAL §TGRAGE UNITS

1. Inlet' temperature

. Storage unit temperature (top)

3. Storage. unit temperature° (middle)

4. *tor e' unit, temperature-,(b4.0m)

5. Outlet mperature, .

H,EATING/COOUNG LOAD .

1. Room, ai Vsupply temperature

2. Room air return temperature

3: Air flow rate to rooms

R

DOMESTIC HOT WATER (dHW)

1. DHW -preheat temperature

A

Readings .

2. DHW auxiliary taak temp. s'etting
.

. DHW cold water main temperaturd11
, ,

. Ai r/1 i qui d exchanger to preheat. temp.,

5. Ai r/ 1 iqui d ,exchangerf roin preheat temp

6. Water flow-rate through heat exchanger

,

THERMOSTAT SETTING'S'.

House:. Heating

Storage Unit:

Auxiliary:

Heating

Boiler

,

marks

*

4r,

.

41ot'Viater "..
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Design Temperature

Degre:?Days1DD)

Design Temperatur
Difference (DTD

GLOSSARY

r.

- Lowest temperature encountered in the locality

The temperature_difference between.a reference
temperature, 65°F, and_the average of the high
and,low temperature during a day (°F-days).

Example: 4

high temperature = 30°F-

loW temper'ature = -10°F
A .

average temperature'A 302(71
0) loor

Degree .Days = 65,- -10 = 55°F-days

- The difference between the indoor design temperature`
and the dutdpor design temperature used to calculate
heat losses from buildings ,

A

O

',Design Heat.Loss - -The heat loss rate (Btu/hr) from a building based

Rate upon the Design Temperature Difference
.9

4

Space Heating Load - Design Heat Loss Rate divided by the Design Temperature
Difference and the quotient multiplied by 24 hours

(Btu/DD) .

ti

Average Heating Load - Heating Load multiplied by Degree Day folpthe day,

, or year (Btu) f' 1 ,

\ .

318
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Nek

A INTRODUCTION _

:There has not been much need in the past to make detailed heat load

calculations for residential buildings because the HVAC contractor "knew"p

from his experience, the size of furnace that a particular building would

require in a given area. Furnaces have been charactecistiCally-oversized

for residential buildings.

Heatin6.ldads for buildings with solar systems should,be calculated

because the size-of the sol r sy9tem, and estilte.bf the fraction of the'-

.. .

annual heating load which a solar system can supply, depends upon the
. . ._ . .

-i

annual heating,load of the building. Furthermore, theAetermihation.of
K

the economic viabiTt;37"asolain system is dependent upon the *size of

the solar' system and the annual heating load,'

OBJECTIVE

The objective of the trainee is to be -able to calculate the design

heat load (maximum Btu per hour requirement), average heating loads for

January, and the avepge annaal heating load for a particular

HEAT LOAD FACTORS_

The heat loss from a building is calculated on the basis of the c,

wall and ceiling areas_of the building, t.e-heat loss, coefficients for

4t,

h transmission through .the walls and ceiling, the differenbe between

he indoor and outdoor temperature, and the infiltration of cold air

into the building.

3 '9
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RESISTANCE TO HEAT FLOW (R) AO COEFFICIENT
,, 4,

OF HEAT TRANSMISSION ig)

?Values of the resistance to heat flow, R, and the coefficient of

heat transmission, U, vary considerably for different materials. The

resistant, R, has units of (hr)(ft2)('Ftemperature difference)/Btu

and is the reciprocal of heat conductance,, C. For a given material

and thickness:, E.4

R =1/C

where C is the conductance in Btu/(hr)(ft2)(°F).

The thermal conductivity, k, is the rate
,

of heat conduction through a

unit area of surface for a unit thickness of material. The units,of k

in 'this- manual are (8tu)(in.)/(hr)(ft
2
)(°F). If k is known, the

resistance may be calculated from

R = (1 /k) x (thickness of the material),

Values of R are additive, and the coefficient- of.heat transmission,

U, is the - reciprocal of the sum of-the R values:
0

1 1 Btu

U + R2 + R3+ ER (hrlft,2)(`IF temperature difference)

Some values of R, U, and 1/k are given in Table 13-1.

*"--;

HEAT LOSS RATE

The rate of hea0oss, h, in Btu/hr through a surface of area, A,

Ae
with a temperipre 41TferepceaFtoss the two sides of the surface of AT,

h = UA

where A is in square feet and.

ATs in degrees Fahrenheit

[13-1]
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Tabl 3-1,

Values of R, U, and 1/k for ome tructural and Finish .

Materials, Glass, Doors, Insulation, ir Spaces, and SUrface Air Filmst

,

1

Material 1/k R - U
.

--. Wood bevel siding, .' 5-x 8, lapped I
1

Wood siding.shingless 16" x 7.5" ex osure
Asbestos.-cement shingles , /

Stucco -

Building paper .

1/2"hail-base insulation board sheathing

Insulation board sheathing, regular ensity .

Plywood .

1/4" hardboard . .

`A'Softwood board

0.20

2.63
1.24

1.25

0.81
)0.87

0.21

0.06
1.14

0.18

-

e

Concrete blocks, 3 oval cores

4.

Cinder ) thic 1.11
X1,,89Aggregate

_

12" thick
8" thick ' ' 1.72

Sandandgravel aggregate,.8",thiCk 1.11

Lightweight aggregate, 8" thick, ; 2.00
.

Concrete blppcks, 2 rectangular.cores .
.

Sand and gravel aggregate, 8" thic ' 1.04

Lightweight aggregate, 8" thick 2.18/

Common brick . -

Face brick
Sand-and-gravel concrete ,

Gypsumboard'(0sterboard) -
.

.5" lightweight-aggregate.aypsum plaster 1

1) 25/32" hardwood finish flooring
Asphalt, linoleum, vinyl, or rubber floon tite

Carpet and fibrous pad gli ' \

Carpeand foam rubber pal
Asphalt roof shingles . ,,

Wood roof shingles
3/8" built-up roof
Basement floor below grade .

0.20
0.11

0.08
0.90 I

0.32.
0.6,8

0.A
-2.08

1,,23

0.44
0.94
0.33

4i,

'.

0.06

Glass
.

,

Single 1.13

Double /4' air space
.

44065
.0.58
0:47

1/2" air space

TripTe-' 114" air:spaces '
d

lg" airspaces . _0.36

/ 0.56Storm windows X1-4" siace
. /

From ASHRAE Handbook of Fundamentals

0...
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Table 13-1 (coritinued)t

Solid Wood Slab

,-

Door U Iralues*: .
No Storrn

Door
Storm Door
Wood
0-.30

(Metal,
0..3911*----------1-743t&thick 0.64

1.25" ttila------ 0.55 0.28 0.34
1.50" thick 0.49 0.27. 0.33-
2.20" thick 0.43 0.24 0.29

-
,..

,Insulation:
,

-
1/k R, U-

0" thick . 0 .

2.0- 2.75" thick . 3.58 7

.3.0- 3.5" thick '. 3.58 11

3.5 - 3.625" thick 3.58 13
5.25-6.5" thick . 3.58 19

.

6.01:7.0" thick . 3.58 22
.

Approximate U

concrete

the

or
U

the

.

values for ceiling, walls, and floors
slabs) with given insulation

is iri the basement and if
are uninsulated, no floor loss calcu-

For floors over unheated base-
ofthe approximate U value given or

(R

U-'°

-''"

,
'

.

0
7

11
13
19
22i

,

,

0.28*
0.11
0.08
0.97
0.05
0.045

,

.

(Other tban
value). If heatingunit
duds or pipes
latiin is necessary.
ments, use 1/3
1/3 of"the calculated
vented crawlspaces
use 1/2 of
the calculated
spaces or other
yalue given
4pproxiinate

U value. For floors over un-
with insulated crawlspace walls,

approximate U value given or 1/2 of
U.value.
open spaces,

the calculated
values giyen

result in a
case.

For floors over vented 'cravrf
use the approximate

value. Use-of the
befe \fox a given R value

higher heat load than will
, .

1

will usually
actually be

'Concrete Slab
length of slab

Floors: Use linear feet of exposed
edge in placeof A:h=U (lin. ft) AT . .

0.211" x 24" insulation
1" x 12" insulation , 0.46
No insulation - 0.81

Air
Spaces
(3-4")/Y

Heat Flow Up
Non-refective . 0.87
Reflective, 1 surface ** 2.23

Heat Flow DoWn
or Horizontal

Non-reflective 1.01
Reflective, 1 surface** 3.50

Surface
Air
Films

.

Heat Flow
, Up

Non-reflective . 0.61
Reflective . ' .! 1.32

Heat EiPow
Down

Non-reflective . 0.92
Reflective 4.55

Heat Flow
Horizontal

Through vertical surface
non-reflective .

0.68

Outside (15 mph wind) 0.17

* Wfien R=0, actual U values may range from O. to,O. .
** The' addition of a second reflective surface facing the first

reflective surface increases the thermpl--resistance values of
an air space'only 4 to 7%. d

t From ASHRAE Handbook of Fundamentals'
-

ti
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The temperature difference that is used to calculate.the heat loss

rate is the differance'between the room temperature, TR, and the design -

'outdoor temp,prature, To:

AT 'E.- TR To

The room.tamperature is nominally 70 degrees and the design outdoor

temperatures are listed in Tabli 13-2 for many cities in the Untted

States. Also listed on'the table aresmonthly and total annual heating

degree,days, which will be utilized in the heating load calculations. Ai

Table 13-2 is located at the ld of this module for the convenience ofiNhg

. the user.

[13-2

CONCRETE SLABS ON GRADE

The heat loss rate from concrete slab on grade is calculated on

t
the basis of exposed edge length rather than on floor area. The heat

loss rate is:

h = U (linear feet of exposed slab area) AT t[13-3]

where AT is the difference between indoor and verage outdoor

temperature in degrees Fahrenheit. .

The U values-are listed in Table 13-1. A

V . -z7 ItIk

r.

BASEMENTS
.

Basement floors below grade. have a heat.loss rate of about

1 Btu/hr . In Table 13-1, for basement walls below grade,

ftz of floor area

U=0:06 Btu/(hr)(ft2)(°F). The temperat4reldifference is the indoor

temperatUre minus the ground temperature, and the ground-temperature

353



t. ..
a

VD

,-
. is often assured to lit. the same as. ground water temper-Au% and, in most .

. Nta"
JAWregions, can be assumed to be about 45°F in.winter.

. .

...
..

.
'L °

o °
Ak

41' DUCT' HEAT LOSS

1 4

- :when a duct is installed within tt4e insulated envelope; there is
? ,

no heat loss from the'building.' If the d6cts ate-locatedin orawispa

or outside the. building effitelope, about '10 percent of the heat Carrie

A* .
, f ,-c. eby the duct '01 st. ..

4

- .. 4
** INFILTRATION HEAT LQSS .,

Ay
A

The cOld air Ithat enters a- building through open doors, windows
. 7 `-
arid cracks around doors n4windows constitute's a heat loss becauser

. ..t
.4 ,

the cold air,di`splates the warm room air. and, the Cold .air must be
- ,,

. - s' ..-
heated to. -room air temperature. The infirtrati6n. heat 1 Oss rate, can

- .
. .

'4,

be computed-from:

V is the volume -Row rate, cubic feet.of

/
[13 -4]

.

coldtair per hour and
c

AT is the difference indoor and'outdoor air temperatures.

The volse ftow_is th air change rate per hour. F -normal residential
,

. buildings, the air chan.gArateAdragestuabout once per ,hour for all
)

rooilas loc-ated abote "grade .- .r... -
.

. (-
it -, --* ( ' SPACE HEATING LOA , ,

": ...`, . 1 * k '
.;

,
...

%-f- The him of tbe.,Ileat' iransmii.sIon lo'sses throughtke bUilding.......
...

'enclosure-and the infiltration .losses is .the design hourly helat.. -.

loss -rate, for the building. The space ,heating Toad -fro a building,.
. .710

. . ... ,, .

35
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d*
,.. ..

based oilheating degree,- (DD), 'A calculated from the design heat loss
-.-

,

13-7

-

, .

rate as follows: -

Design Heat,Coss Rate .

Design.Temperature gf. X 24 Space heating load, Btu /D1)dgi.

The.monthly and annual heating loads are then calc

sing degree-day values.in Tab1e,13-2 as.:

[13-5]

sing the heat-

.

Heating: Load` (Btu) = pp T( (heating degree-days), [13-6]

A's an ,example, assume,, that a biiilding has a heat requirement of -16,000

f Btu/DD. The January heating degree-days is, 1000; and the Amnual h6atting

degrie=days 5000; The heat.required, in January is:

1600b0 *-1 X. 1000 DD.= 16 m Btu 41

and annual heat requireont,is:,

Btu
. 4 6,000 X 5000 DD = 80, m Btu per year.,

DD , I.. t.

o DOMESTIC NOT WATER HEATING 'GOAD

.
The amoint of hot water used in residential .builiginVs about 201

.
..

gallons per person p er dal and the ,he'at'required to rais t., e temperature,
.1i. , -

- . ,'---.
qf the incoming water from. about 40°F i-n winter to 140 °F c n be computed, -_

.', '
. P-

.

frost: '- .
lti e . t

.,.

Hw(V4) = (NO. of 6cc.uparrts)* X 20
gallons x Btu

(person)(day) (1b)(°

.

F)
4

i . ,x utio - 40.0 x 8:34 4:
ge P. fk. .. . . .,

Btu- .)..
Hw = , of occupants) )c 16,680'i (person)(day)''.

4

or,

f

4

355
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r

EXAMPLES

'EXAMPLE 13-1

In this example,, calculations are made to,tretermine the U value of

an exterforwall. The 1/k, R, and U values are g iven in Table 13-1,

.1

#

- '
Thickness

inches'
1/k.

:R valike
Iripla-

ted
Uninsula-

ted r
Outside surfAce air film (15 mph) 0.17 0.l? '
WObct bevel siding,-1/2 x 8, lapped 0.81 ,0.81

Ins. bd..sheathing, reg. density .5 12763 1.32 1..32.

Air space ° 3.5 1:01

Insulation. , 3.5 0.00 11 -

Gypsumboard .5 0.90 0.45 7. 0.445

Inside surface air film 0.68 : 0.63.

. TOials (E)
a t 4.44 ' 14.43 '

..-

For the unin-sUlatid wall, U.= 1 /IR = l/.4:44 = 0:23 Btd/(hr)(ftF)(= °F),,
-

which 'is lower_ tfian the appsroximatevalue,of 0128 given ih Table' 13 -1.

Foc'the insulated 1, U = 1/ER = 1/14.34,= 0.07 Btuj(hr) (ft2 )(°F),

.., which compares to the value of 0.03 given-in Table 13-1. Variations

Can occur'with the,materials used in thlocza11.-
. g

o

EXAMAE 13-2 / !
.

Calculerte the January hea4g :load Btu/mohttr)f, and the annual

heatirig 1.1:Ad (1-1.. 'million Btu) for the following 11.6119:
4

,te

'Location: 'Albuquerque, NewMexico

. Indoor Design Temperature:, 70°F

Ceiling Height:
4.

ti

b.
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ciouieConstfuc.tion:

. N'; ,, ' ..
0.. -'---_, Extferior Walls,4,,,

' a '4" common brick
q, 1/2" plywood ,

.- 4" 2 x 4 studs
`"ri R-3t' insul ado!' .

' , 1/2" plasterboard
".ti.oqr construction over vented crawl space:

r \ It' 25/3.2" hardwood-finish flooring

. , , ,, l'pl, od sub-floor;
. bbildg paper.--,. ,

,, : .
. _, k, r ... ..\ att. space ,

------____L_: :7.."- . R-1.4 winsuladon (applied to underside o1 joists). .
cAntows: Stcrm windows . .

v .
Exterior: ,1-1/2" solid core door .

Ceiling construction with vented attic spa6e Oen:,
1 a" plasterboard .' .,,

, f.

R -19 insul6tion, dor i 4
\*. .

:. ,

House is 51' x 27'., and has one w.00degterior door 3,1- x 6"--8",'
and one double glass. wood frame sl idiog patio.dodr mi,,th 1/4".:.

-, ." , .

-13-9,

-

Solution

air space, 7' x.6'-8". .

. ; ...
Thy windows are as follows:

, .1,
...

-kumbee , Size .

4 - 6' x 4' . '
6 ..

..3 . 3' .x 5'
; ,..2 . '2' x 5' ...%1-

1 '2''' x 3'
,1 5' x 8' ,-(

a

The ducts are'not instilIed within the insulation envelope.
. ,

0 -, . . .. . , ,

Compute theU valutslior t ile various building sections 6s follows:
)

Exterior;'Wall ,
Thickness

inches 1/k R

'Outside s6rface air filmv(1'5 mph):
Common brick .

PlyWbOd

R-11 insuration
Plas rboard .

,
Os surface air film .

; .
6
a,

.

t

A(

4

4

.5

.5

. .

0.20

1.24

0.90

.

0.17

0,.80

0..62

ii
0.45

0.68

,t Totai (E)
-, . . ..

13.72

U ./ER t1/13.72 »= 0.07 8tU/(hr)(ft2)(6F)
0'

4 '1# 14

$.56,

,.4

357
,



- -
Floor .

Thickn
inche's

Inside surface air film
. .

Hardwood finish flooring'
,.. ...

'Building paper
Plywo6d sub-floor , .,

-Mr space - .

R-11 insulation
Outside surface air film ,

,

,

-

25/32

.

\

',0,06

1.24

-,

..,

,

0:92

ra. 68

1:24

1.-.01Y

11

0.47

1 ',..Total ( ) 13.08

ER. = 1/15.08 = 0.07 pli.9/(hr)(ft2)(°F)

: . .

Ceiling .- -.... ,-. Thickness
.

-1/k
..

R

Inside, surface air film
Plistsrboard - .

R-19 insulatioT . .
Outer sifrface .ai r 'ffla .

,

A'

,-

, .5

.
,

.

0.9

0.61

0.45

19 -:

6.1,7

a
. . : Total ,(z), 20.23:

---4---- 11-,=. 1/zR = 1/20..23 =-0.05 Btil/(h1-:)(It2)(.°F1-
_.,,.

,

-. -i'.r-'-'" _,,,..,....... -,
' \.' . . , .

The winter 'design outdoor eempera refor, AlbuqUerque,, thew Mexico, ;

3 .. .-, . . .

is given in Table 13-,2 as 14 °F:' With.the room temperature set,at 70°F;
. . ,*.

. r'i .
.

..
.

,, .. .

AT =' T,It - 'T ',..;-- 70 - 14 = 6°F.' The values 0 U -for this house, are thi
,' , o .. ?

. - . . .
.4 . / t.itimarti ow:zed below:

.
:;.... .. . ,

. . . -i

Exterior wall.

Windows.

Fltor
Ceiling
Exterio do2r,
(1-1/2" solid awe)

,Double glAss
:patio door

,
411

Il.Btu/(hr)(ft2XM
, - ..

0.07 R '

-.- a,56,.
i

L ,.

..';' .
105 :

A, 4 *O
,90

0.65

4
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oaf

,

r

The heat loss' calculations and the-damestfOot water load:can be

systhmatized by usoing worksheets TA-1. The heating loads for the house
, .

* of example 1 are'worke out on-the' worksbeets.shown on the following

." pages.. Additio01 worksheet blanks are included at the end of this,

module.for the convenience of the user. It is;suggested that extra .
I

copies be made for office use -from the blank copies that are provided.
.

I

L

:355.

4
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13-12

.

BuildingyHeat. Load Calculaficins'

Example /3 -2
Computed by

tOcation A UN/filet-9a e., /14,

Indoor
.

Design winter outdoOr temperatufe, To. /4 °F
Des,ign, tempet'ature di fferenu 56 °F

°F

.,,.

temperature, JR, . 10 °F

bes i 9n ,deg'r:ee-'day, 55.- To,

Building Di mensions ;.

,;-, Above Grade: Length 51 ft

Belqw Grade: Length 0 ft,

Worksheet TA-1
Sheet 1 of 2 -

Number of Occufants

Date fa' /3, /977
Latit'ude .35 °A,/

Width 27 ft 'Ceiling Height

Width 0 ft Depth

oncre,te Floor Slab: .Exposedperimeteri 0 ft

8 ft
ft

N

xteriQr Will Area: , x451 27) /243 4

Window 'Area:

. .
Door Area:

-Net" Exterior Wall
Area":

i Area:

Floor,.A14e..a

Bas'ement W.1 Ai-ea:

..

4,1(6x,4) 4- '3),(3)(5)4 21t (Zx
`4: lx(2)(3) x(sAg)

Wood Door 3 x 6/-1" =
Patio Door 7 Y 6' d"

1244 207 20 47 gr.

207 Aa.
`2.0 e
47
477

O®

410

.
}leating Degree-Days .Januark. 930 E0E-days

'6

s**
From 'Fab)

t Anr 4546.,°F-days,

et
3 =2

,

5.



' 13-13

v

Worksheet TA-T

Sheet 2 of 2

.. .
.

. U

Btu A'

97q

AT' °F

(Top -
T0-)

6
or

= UA AT

38 A.o
1I ft INMS

O. 07Exterior Wall s (net)

Basement
Walls

Above grade

Below grade .

Windows
and

Sliding
Patio 'c

Doors

SingSingle _
Double 0 /06: 7 sCo /710
Triple

Storm ,. O. Geo ao7 ,67-40 1044_90.

Exterior Slab Doors
i x.419 Ro

(
sxp ts-so

Floors Over Crawl space 0. 07 1377 s'"10 6-4/oo
Concrete S1 ab on Grade

Basement

Ceiling-' 0 04-
ceiling)

/8777 6 G0 -. 38 too
/,it.3o

. I

. Subtotal (walls, windows, doors, ,floors,

Infiltration..: (0.018) xa7 xsi xe, ft3 x 66 9F II, IOC)
Dikct = 10, of sitotal (if ducts not in insulation envelope) also
Design Heating Load: Btu /hr

. ,- .

Design Heating Load:'-Btu/DD 1

De -ign He4ting Load' (Btu/h.r) X (24 hr /design TO) /.. O COi-
January bleating Load: m Btu

fBtu/DO) X (January DD) ,
.. . N 0 '

. ,

Annual Heating Lola: m 13tu

. (Btu /DD) X (Mival OD) ' 1 e

65: /I
.

DOMESTICoHOT WATER LOAD.1

Number of occupants' X16',680 Eitufday ipip,7a0
_Q. iJanuary Load (m Btu) Otu/day);t31 x 10-6

Annual Lo 51:1 (m 134), (January load x 12) W41.9



ROBLEM 13-1

For the home plan shown'in Figure 134, calculate the Jahuary and.

0

N\13.14
A,

PROBLEMS

4

annual heatingas. Assume that an intefT1.51-temperature of 68°F is

',..

to',betaintatped. 'The home is,loc ted-in Fort Collins, Colorado,

where the design winter outdoor a r temperature is -9°F. The three-

. .

bedroom hqpne will be.occupied by four people.' file first floor ceiling
_

height is 97 inches, the entrap e hall ceiling height is 111 troches,

and the basement ceiling height ,92.inches: The entire basement is

delow grade and is heated. The entrance hall has a concrete slab

floor with no permeter=4-nst4ation.,- All ducts are within the building

envelope. Basement walls are 7.5-inch thick cocrete.

All exterior doors are in the hall. Their sizes are given in the

following table:

.

Door 4 Thickness Size

Front door

2 doors between entrance hall and

garage,(each)
. ,

2 sliding patio doors ( eta frame)

double

1.5"

1.5"

' 81"x

80"x

80"x

611

29"

35.5"-- one single glass and one
glass (.25' air spac ) each

The house contvins,the foll wing windovis, which are all storm windoo

excep,t as specified':

Window 1

_

. Size

. .

Entrance hall (single 'glass)

Kitchen windoW
.

,

2 dining room windows: each _

2 living room (.25" air space) double
glazed not storm windows), each

.

11

.

16"x-57";
32" x 35"

32"x 43"

13"x61"

47"x 54"
32" x 43"

21" x 32"

,

\

,

2 'Hieing room picture windows, each

4 bedroom window's,:each
.....

"6.basement windows, each

.c 3 P

4.:



a
50'i"

13-15

first floor

with full
basement

entranif hall

.Scale: 1" = 10'

26'3"

441

9

Figure 13-1. Outl,ine of the Building in Problem

6

363



X

The ceiling consists of 1/2-inch plasterboard and insulating batts

. .

5-1/4" thick. The exterior wall consists .of 1/2" plasterboard, 3-1/C".

batt insulation, and 1/4" hardboard siding. The January heating degree -

days for Fort Collins is 1,250 (°F)(days) and the annual degree -days is

6,300 (°F)(days). This hoth is-heated with natural gas.

Answers:

The January heating load is'20.8 m Btu and the annual heating load,

is 104.6 m Btu.

WORKSHEET TA-1

Extra worksheets TA-1 are provided with this module for solving

problem 13-1 of the preceding section.- The forms may also be used in

general, practice.

REFERENCES

1. Load Calculation Guide (1 and 2'Family Dwellings) f Heating and,

Air Conditioning, Better Heating and Cooling Bureau, S Metal

and Air Conditioning Contractor's National Assodiation, Inc.

:(SMACNA), 8224 Old Courthouse Road,.Tyson's Corner, Vienna, Virginia,

197$:

Loan Calculation for Residential Winter and Summer Air Conditioning

manual J, National Environmental Systems Contractors Association

(NESCA), 1501 Wilson Boulevard, Arlington, Vfrginia, Fourth Ellitilon,

.SecondPriniing, 1975.

3. Insulation Manual, NAHB (National Association of Home Builders)

Research Foundation, Inc., P.O.- Box 1627, Rockville, Maryland,

September 19.71..

r3 .

'41
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13-17

Building Heat Load Calculations

Job -So f(4,17 crr Rob / 3

Workiheet TA -1

Sheet 1 of 2'

Number. of OcCup'ants 4

Computed by Date Jin 1.3)- i977'

Location fort. Colh4s) Colo. Latitude olo74.°N

Indoor temperature, TR, 6g 9F

Design winter outdoor temperature, To. °F

Design temperature di fference

-Design degree-day, 65_- To,

77 °F

2.. °F

Building Dimensions: ti

Above Grade : Length. .4 ft Width 274 ft Cei 1 i ng Height 'ft' (.(f. 25) ga#

Below Grade : Length ft , Width ft Depth 7. 67 . ft

Concrete Floor Slab: Exposed perimeter ft

Exterior Wall Area :

Window Area:

Door Area:

Net Exterior Wall
)Area:

Cei 1 i ng Area :

Fl oor Area :

'11x (So.

(f4Sx 9.47 xi) 4- dare "-Me (9.ts )(24.24) 146 ft 1.
a 2.6 ? x2..z) 4- (Z g2.(o7 x3.51)

(?, s-3 92. x f-W) -et4. x Z. G 7 $153) + C CI 7.5" x.24,-'1B4sement,

(6/7 X .519-8 )

6Antie 6:t7s.2 .0-) Patio (4:47x2.90x2.
/038 f ne/i2e/3 - /60-37-3i -37-v6

12* it
=f. . 7 xZe:.:4.5) t /64.5 Pl

Basement 'Wal 1 Area:

On Slab 46- f+ exposed Gdge.

easement- 5).11)40 6. 1 41-

.7 47)e 1.50/4'iZZ 0(2_
4,

Heating Degree-Days January X250 °F-days

Annual 43.0 0 °F-days

From Table -13-2

A.

if

c

0

ex

:365,



N

14,

Worksheet TA'-1
Sheet 2 of 2

.,
, .

°

U .

Btu ' A .

AT °F
(T -

R
To)

/71

h = UA AT
Btu/hr--.

.748
. htrYTTP lea

Ex..terior:Walls (net) I- .06- /a/4
'\Basement
Walls

grade de ,

. &

Below grade P4
1. /3 --

r-

7 16)9
-`4.2

.P3
77
71

*J64.3
@A Coa

is-s7
Windows
and
Sliding
Patio .
Doors

Single

D&uble 0. 3/
Triple - .

_4,6-

Stonm- - 0. s-G) /as 77 s:5/9

.,Co40-.3

,

Exterior Slab Doors .

,

4
-

-0.4/9
,______

49 77
,Floors

` '

.0,, -

Over Cra'wls,pace t,

Concrte Slab on Grade 0 e3, '4/4' .4/Y /639
Basement , .Cft, 14/4 o a3 /917

Ceil i ng P..-

. os-
ceiling)

I (04/ / r- 77 033?N
Subtotal (walls* windows, .doors, floors,

Infiltration: (0.018} >4°.:5:211711. x '" 7 7?7 °F /8.790
Duct -10 ;of subtotal (if.IdUcts not in insulation, velope)

Design Heating' Load: . Btu4hr .

4
a - N . .

**

ng Load: Btu /00
-

Heating LOad.(B.tu/Thr) X (24 hr /Design 11).)

-

'-41/9 776-

J55-ist
De si gn. Heati

Design
_,

January Heatirfg load: m
,

14u _
,

,

rBtu/DD). X (January DD)
-, 11 :

.

." /9.1'
. ,

* .
Annual Heating Load: m., Btu- . ,

(Btu 00) X (Annual DO)
, .

a .

97 7'
- 450

DOMESTIC 110T. WATER iOA

:Niimber of cupant's X 16,68() Btu/day &is 7410
January Load III Btu) (Btu/day) x 31'x 1.076 .._,G?.

Annual l_ogd's--(M Btu) (January load x 12) a:4..8

:h 4' 3EG k
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. 0

s:t

Table 13-2: Data Values fibs Heating Loaf. Computations*
Q.,

- -
NORMAL TOTAL HEATING DEGREE DAYS (Base 65°), Des'i'gn To

STATE.AND STATION JULY- AUG SEPT OCT, NOV DEC JAN FEB MAR APR MPiY JUNE ANNUAL w-ict. sum?!

ALA: ki rmingham
Huntsvi 1 1 e
-Mobi1 e . .

Montgothery

ALASKA: Anchorage
Annette
Barrow
Barter I.

siBethel . '.
Cold Bay .

Coriova
'Fa i qanks
Juneap -
,King Salmon
Kotzebue.' 't%
McGrath .
Nome , "
Saint 4)au1

.'itaf hemy,,a
';Yakutat d -

A-RrZ: Flagstaff ,

Phoenix
Pi-e',,stott )
Teton ,

'Wins-low .

Yuma- . I

ARK: Fort 'th
Lfittle .4c .k

Texackarts

CAL LF: Bak*ersfi el d
'Bishop.. .

,Ble Crayon, d
iBurbanli -

0
'0
0

''.0

245
a. 242

-803
73575
31,9'394
474-
366

..171
301
313
381
208
481
60.5

, 577

338

.46
,0
O.
O.0
0_
0

0
0

70.

0
.0

, 34
0

/ 0
'. 0

0
0

291
208
840

425
391
332
338'
322
446

-338
49t
539
475
342

68
0

, 0
0

_ 0
. Q

0
. - 0

0

0
'.0
5p

., 0

6
'12

0
0

516
.327
1035

987-
6

525
522

.642
4$3
513
723
633
693
612
501
474"

201
0

27
0
61245

.0

12
9

0

p
42

1206

93
127

22
68

930
567

1500
1482
1Q42
772
781

1203
725
908

1249
1184
1094
-862
784
716.

558
'.22
245
.25

0

127
-127
e.

78

17.
248

'347
43

363
426
213
330

1284
738

1971
1944
1434'
918

1017
1833

921
1290
1728,12127_2192
1791

145,5

.963
.876
936

867.

234
579
231
711
1:13.,

450
465

-345

282
576
579
177.

555
663
37
527

1572
899

2362
2337
1866
1122
1221
2254
1135
16.06

2232
1820
1197
1042
1144-

1073
415
797
406

loop
319

704
716
-56r

-'g02

797
766.
301

.........:ft

592
694
415
543

*1631
949

2517
2536
190a3

-1153
1299
2359
1237
1600

2294
1879
1?2.8
)1045
1169

1169
474
865

471
10.54
363

781
756
62,6

546
'874
'865

366

:462
557
300'
417

13f6
837

2332
2369
1590
1b36
1086
1901
1070
1331
1932.2080
1817

1666
.1168

958
1019

991.
'328
711
344"
770
228

596
-577
468

364
666
781
277

4363
434
211
316

1293
843

2468
-2474.19241373
'16
1122
1113
1739
1073
1411

1758
1770
1265
ion
1042

011
217

, 605
242
601
130

456
434
350

i267
539
:791
235

108
138
42.
90

879
648

1944

1173.
951
864

1068
810
966

1554
1122
1314
1098
885
840

.651
75

360
'T5

291
29

144
12634
106

1051419
306
582
138

9
19

0
a.0

592
490

1445

806
791
660
55S
601
673

1057
648
930
936
837
632.

437
-0

158
6

96
0

22
9

O.

]43
A7

81

0
0
0
0

315
ifiE1
957
924
402
591
444
222
381
408
636
258
573
726
696
435

180
0

15
0
0
0

0
0

-) 0

0
'36

195'
18

2551
.3070

1560'
2291

10864.
7089:

20174
19862
13196

88Q
9764

>14279
9075

11343
116105

14283
14171;
11199'
9687

.9092

.' 7152
1765
4362
1800
4/82
1217

3292
i219,
2533

'2122
4227
5507
1646

19
13
26
22

-25

-45

t
-53
- 7,
..."

.a

-32

. 9

1-
31

. 15
29

9
37

,15
19

2'2
4

31

36

97
97
95
98

,73 i)

58

-0

82',
75

;11;1

66

,..

84
1013.

96
105

97
111

101
99
99

, L,,' - A

rv.i

97 .

r

*s;ror Clip tic Atlas of, the United' tates, UbS. Department o ommerct, nv. SQ. 5erv. Adm. June 1968'
........ ; 1-grom Tab e 1, Chapter 483',:t-ASHRAE" Handbook of Fundamental s= 1972 99% of fime.warmer, than this temperature)

- 38.7:,..,, IIFrom,Ta-6 e 1, Chapter 33;,ASHRAE Handbook of Fundamentals 1972 1% of time `dry.buth'temper'dture, is .greaterr. ....t

110 . ....r -. .

. .

e

, .

. ..
& .,

f 3 36.



4,1 OITA I- TOTAI: HEATING DEGREE DAYS (Base 65°) Design To°F

STATE AND STATION JULY AUG SEPT- OCT NOV DEC JAN Fop MAR APR MAY JUNE ANNUAL WIN. SUMM.

CALIF: Eureka 270 257 258 329 414 499 546 470 505 438 '372 285 464'3 32 67

Fresno 0 0, 0. 78 339 7_58 586 406 319 150 56 0 '2492 28 101

Long Beach- .0 4 12 -40 156 288 375 297 267 168 90 18 1711 36 87

Los Angeles 28 22 42 78 .180 291 372. 302 288' 219 158 81 2061 42. 94

_ Mt..Sha'sta 25 34 123 406 696 902 1983 .784' 738 525. 347 159 5722

Oakland ,_ 53 50 45 127 309 481' 527 ,400' 353 .255 180 90 2870 35 85

. Point Arguello- 202 186 162 205 291 400 474 392 403 339 298 243 3595
Le

Red Bluff ,-,0 0 0 53 318 555 _605. 428 341 168 . 47 0 2515

Sacramento 0- 0 12 81 363 577- 614 442 360 216 102 6 2773 30 100

Sandbeg .- _ ot 0 -0 30 202 480 691 778 -664 620 426 -264 57 4209
.San Diego ' 6 0 15 ,,,,37 123 251 .313 249 ,202 '123 84 36 1439 42 86

San Francisco 81 78 60 143 306 462 508 395 363 279 214 1'26 3015 42 80

Santa Catalina 16 0 9 50 165 279 353 308 326 .249 192 105 . 2052

Santa Maria 99 93 96 146:1' 270 391 459 370 363 282 233 165. 2967., 32 85

COLO: Al amosa 65. 99 279 639 1065 1420 1476 1162 1020 696 440 168- 8529- -17 84

Col orado Springs 9 25 '132 456 825 1032.1128 938 893 58,2 319 84 '6423 1 90

Denver 6 9 .-117 428 819 1035 113,2 938 887 558 288 66 6283 - 2 92

Grand Junction 0 zo0 30' 313 - 786 1113 1209 907 729 387. 146 21 5641 8 96

Aeb.1 o . ,` 0 0 '54 326 750 986 1085 871 772 429 174 15 5462 -- 5 '96

CONN: BridgePvt 0 0 66 307 615 '986 1079 966 853 -510 208- '27 5617 4 90

,Hartfard 1 0 6 99 .372 71 1119 1209 1061 899 49,5 177 -24 6172 , 1" 90

-"New Hi-v.4341 _ f _12' . 87_ -34.7_,..._648,,101.1_1_097_,_99.1 -87.1-543-__245 _ 46-405897 5 88

DEL: Vilinington 0 0 51 270 588. 927 980 874 735 .387 0112 46 4930 , 12 93

FLA: 'Apal ach i col a 0 , 0 . .6 ' 16 '153 319 347 460' 180 33 0 ;,,L 0 1308 "."

Daytona Beach. 0 0 0 0, .6 75 211 .248 4190 140 15 0 Oiitc879 32 94 ,

,Myers, . . 0 '0 0 0 24 109 146 101 62 0 0 0 442 3' 94Fort
Jacksonville 0 .0 , O. 12 144 310 332 246 .174 21. , 0 0 1239 29 96

Key West _ 0 ,0 0 0 ' 0 28 40 31 9 0 0 0 108 55 90

Lakeland 0 0 40 0 0 ,, 87 164 195 146 ' 99 0 0 '. 0 661 . 35' '95

Miami Beach 0 0 0 0 0 40 56 .36 9 0 0'' 0 14'1 45 914
0r4ando 0 & 0 0 72 198 220 165 105 6 'Cr 0 7% .33 , 96

'Pensacola 0 0 0° 19' 195 353 400 277 183 - 36 . 0,. 0' '1463- 29 92'
Tallahassee - 0 -0 0 .. 28 198 360:2 375 286 202 36 0'. 0 .. 1485 25 96'

. :4' ' ',.1',.'7," . . '

-.5



1,

,37

.

..

. o
., NORMAL TOTAL EATING DEGREE (Base 65°) ' Design T

o
F

,

STATE, AND STATION klbl..Y- AUG SEPT OCT Nov DEG JAN FEB 'friAR' APR DAY JUNE. ANNUAL WIN. 'SUM.

4
FLA: Tampa .. :0 0

d
d 0 60 171 202. 148 102 0' .0, '0 683' 36 92

Wes0)alm Beh' 0 0' 0 :0 .6 65 87 64 31. ,0 0 0 253 40 92

,GP: Athens A,' .o, :o , 12 115 40 2 642 529 431 141 #22 0 2929 17 °96GA.:

.n - 0 0 18 127 4 . 6 639, 529 437 168 25 0 2983 18 .".-95
. .y

Augus a
1

., 0 0 , 78 33 552 '549. 445 350 90 0 .0 2397 20- 98.

Columbus-, .. .. 0 0 0 87 4333- 543 552.434 338 ..96 0 0- 2383 23 98

Macon -i ''' .0 0 0 71" 297 502% 505 403 295 '63 0:- a 2136 2 98
.P

Rome , A.. 0 0 24* 161 474. 701 710 577 468 177 34 0 26 '16. '97

'Savannah , 0 0 47 246 437 437 .353 254 , 45, 0 'O 1819 24 96

Thomasyille. - 0 0 0 25 198 36,: 39 305 208 33 0 0 1529

IDAHO: Boise . JD 0 132 415. 792.1017 11.13 854 722, 438, 245 81 5809' 4-' 96

Idaho Fails' 4,6W-. '16: 34 270 623 1056 1370 1538 12401085 '651 391 192 '8475
. .,

Idaho-falls. 4iNW 16 40 282 648 1197 1432. 1600 1291 1a07. 667 388 192 8760-

LeWiston 0 0 123 403 756 933 1063 815 694 426 239 90. 5542 , 6 98

Pocatello 0 0 172 493 900. 1166 1324 1058 9Q5 555 319 141 7033 - 8 94

ILL: Cairo 0 0 36 164 513 791 856 680 53., :195 47 0 3821

Chicago 0 0 ,81 ,326 ,753 1113 1209 1044 890 480 211 43. 6155 ! '94

Moline 0 9 99 335 77k1181 1314 1100 918 450 189 . 39 6408 7 94

Peoria- 0- 6:- 87 326 75111113 1218 1025 849 426 183 33 6025' - 2 94

Rockford k 6 -9 114 400 837 1221 1333 1137 961 516 236' 60 6830 7." 92

Springfield : O. 0 -. Z2 291 ,696 1023 1135 935 769 354 .136 18 5429 -'1 05
-..

IND: ,EvAnsville . 0 0 _66 220 606 896 955 767 620 237 68 0 :4435,*. 6. 96

Fort Wayne 0 9. 105 378 783 1135 11.7.8 1028 890':4-71 189 39 A.-6205 I 9.3

Indianapolis 0 0 90 316 723 1051 1113 949 809 .432 .177. 39 bo99. . 0', 93

South, Bend, 0 5 111 372 777 1126 1221 1070 933 525 239 63 '6439 2 . 92

IOWA: 3ur1ington . 0 0 93 322 768 1135 1259 1042 -869 .425 177 33 6114 - 4 51.i

Des Moines 0 9. 99 363 837 1231 1398 1163 967 489 211 39 6808 - 7 95'

Dubuque' . ;12, 156 450 906r 1287-1420 1204 1026 546 260 78[' '73076 -11 92

'Sio.ux City' '0 108 169 867 1240 1435 1198 989 483 4 39 6951 -1.0
E

96

Waterlp0 ' 12; 138 428 909 1296 1460 1221 1023 5'31' 64* 7320 -12 '91

.

.

4

t

, .

+.1
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. ; NORMAL TOT/IL HEATINGy DEGREE-DAY'S (Base 65 °) 4 - . Design 1; F

STATE, AND STATION JULY AUG)SEPT- .0c:T NV. DEC JAN A0E% MAR APR, MAY JUNE ANNUAL . WIN. SUM14.

,

. KNSAS,: -Concordia 0 4 0 57 276 705 1'023 63 935 781, 372 149 18%., 5479
.

4

Dodge City 0' 0 , 33. 251 666 939 1051 840 719 354 124 9 4986 3 99

Goodl and ,0 6 '.81 381 810 1073 1166 955 684 507 236 42 '6141 --' 2 ,99

Topeka 0 0 57 279 _\572 980, 1122 893 722 330 124 12 5182 3 99

Wichita ,0 '0 33 229 618 905'1023-1804 645 2 27 6 4620 5 102

KY: Covington 0 :0 75 .291 669' 983 1035 893 756 390 '149 24 5265 3 93

Lexington -, 0 0 54 239 09 902 946 818 685 325 105 0- 46837 6 94

Louisirille 0 0 '54 248 609 -890 9.30 818 .682 :815 105 9 -4660 8 '96

LA: Al e4ndri'a 0 . 0 0 56 273, 431 471, 361 '60 69' >0k' 0 1921 2. 97

Baton Rouge 0 , 0 a 31 ;216 369 409 294 208 33 0 0 15E0 25 96

'BUrrwood., 4 0 0 .: 0' Q '96 214 298. 218 171 27. 0 0 1024 ,,
Lake Charles 0 0 V. 19 . 210 341 381 274 195 , 39 0 't 0 1459 n 95.

New Orlean 0 0 0 19 192 322 -363 258 192, 39 0 0 1385 32 93

Shreveport N 0 0 0 47 -297 477 552 426 304 81; 0 0 . 2184 22 99

MAINE: taribou- : 115 336 . 682 1044 1535.,1690 1470-1308 858- 468 183 9767 -18 85

- _Portland t 3 195 508 807'1215 1339 1182 1042 675 372 111 7511 -, 5 ,88

MD,: Baltimore 0 48 264 585 .905, 936 820 679 327' 90 0 4654. 16 . 94

Frederick 0 66 307 -6241.4955 995 876 741 384 127 .12 5087. 7 . 94

MASS: Blue Hill Obsy 0 p.22 1b8 .381 69021085 1178 1051..$936 579 267 69 - 6368 ,....,

Boston , 0 9 60 316. 601 983 1088 972 846 513 208 36 5634 .- 6' 91

-Nantucket -12 22 93 332-- 573 89,6 992 -941-- 896 -6241- 384- 129 _,-....5891 __

pi ttsfi eld . 25 59 219 524 ,83,1 1231 13.39 1196, 1063 6'6.0 326 105 7578- - 1 8i
Worcester

*,, 6 34 1 7 450 ,7,174 1172 1271 112-3 ,998 612' 304 78 - 6969 1 89

MI.C.H: Al pena 68 105- 273\580 912 1268 1404 1299 1218 777 446 156 8506 -5, 87

Deteoi t (City) 0 ".0 87 360' 738 wag 1181 1058 936, 522 220 42 6232 '4 92

Escanab4 59 -87 243 539 924 1293 '1445 1216 1203' 777. 456 159. 8481 - 7 82

Fl iht 16. 40 '1549 4465 843 12T2 1330 1198 1066 639. 319 90 7377 - 1 ,89

gprad Rapids 9' 28 135 434 804 1147 1259 1134 .1611. 549' .279 75 ` 6894

'6909

2' 91

, Lansing 4 ,6 .22 138 431 813 1163 1 2 1142 1011 579 '273 69 2 89

Marquette 59 81 24k 527 936', 1268 1 1 1268 1187 771 '468 177 8391) : 8 D8

Muskegoh - 12 28 ,1201 400 7,62 1088 12 9 1100 995 594 310 ' 78 6696 :. 4 87.

Sault Ste. Marie 96 105 279 580 951 1367 1525 1380 1277 810 477 201 9Q48 -12 83-
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DEGREE DAYS (Base 65°1 Design T
o
°F

TOTAL,HEATIfIG

STATE AND STATION JULY( AUG
.

SEPT OCT NOW DEC JAN "FEB MAR- APR

.,

MAY JUNE, ANNUAL WIN, SUM.

,

.MINN: Duluth . 71 109, 330- 63211Zr-31581 1745'1518 1355 840 /10 198.10000 =19 85

Internat'l Falls 71 112 .363 761 1236 1724 1919 1621 1414 828 443 174 4060 -29 86

Minneapolit 22 31 189. 505 1014-1454 1.631 1380 116 621 .288 81 8382 -14 92

kkhester . '25 34 186 .474 1005- 1438 1593-1366 1150 6.30 301 ,93 '8295. -17 90

'Saint 'Cloud 28 47 225' '549 1065-1500 1702 1445 1221 -666 326 105 8879 z20 . 90.

MISS: Jackson 0 0 0
.

65 -315 502 546 .414: 310 87 0 '0.,.122a9
'

21 9,8

Meridian 0 0 '81 339 518 543 417 310 81 0 0:,2289 20 97

Vicksburg. 0 0 0 53 279 462 512 384 282 69 0 0 2041" 23 97=
1 .

'12
`NO: Columbia 0 0 54 251 651 967 1076 874 71'6 324 121 .5046 2 .. 97

Kansas - 0 0 39 '220 612 905 1032 818 682 294 109 0 4711 ,4 00
St. Joseph 0 6 '60 285, 708 1039 1172 949 769 348 133 15 5484' - 1 97

St, LdUis 0 Q 60: 251-'527 936 1026 848 704 312 :121 15 4900 7 96

Springfield 0 0 45 223 600 877 973 781 660 291 105 6' 4561 ) 97

-MOT: Billings 6 '' 15 186 487 897 1135 1296 1100 970 -570 285 102 7049 -10 94

lasgow 31 47 270 608 1104 1466'1711 1439 1187 648 335 ;50 8996 -25 196

Great Falls 28
:

53 258 543 921 119 1349 1154 1063 642 384 186c 7750 -z20 91

-Havre 28 53 . 06 .595 1065 1367,1584 1364 1181. 657 338 162 ,8700 -22 91

Helena - 31 59 94 60? 1002 1265 1438 1170 1042 651 381 . 195 8129 -17 90

',... Kalispell 50 99 21s 654 lup 1240 1401 1134/1029- 639 397 207 8191 . - 7 -88

Miles City 6 6' 1 4 502 972 1296 1504 1252.1057 579 276 99 7723 ;-19 ' 97

Missoula ,_ __
,

4

34 74 303 ,651 1035 1287 142T1120 970 621 391 219 1. 8125 - 7 92

NEBR.: _Grand Island_ 6 -108 381-_834 1172 1314 1089 908 462 211. 45 6530 - 6 98

Lincoln
___D__

0, 6 :75' 301- 726 1066 1237 /016 834 402 '171 30 5864 - 4 100

Norfolk ' 9 .0' 111 397 873 1234.1414 1179 983 498 233 48 6979 -11 97

North Platte ! p 6 123* 440 '885 1166 171 1039 930, 519 248 57 6684 - 6 97

Omaha - b 12 -105 357 -828 1175 1355 1126 939 46 208 42 6612 - 5 97

Scottsbluff', 0 138' 459 876 1128 1231 '1008 921. 552 285. '75' 6673 -,8 , 96

'Valentine .9 12 165 493.942 1237 1395 1176,1045 579 288 84 7425

An:- Elko ,9 34 225 561 924 .1197 1314 1036 911 621 409 1'92 7433 -13 94

Ely '28 43 234 592 939 1184.1308 1075. 977 612 456 225 773. - 6 900

:Las Vegas 0 0 . 4:1 78 387'617 688 487. 335 .111 6 0 2709- 23 108

Reno', _. 43' 87 204 490 801 1026.1073' 823 729 510 357' 189 6332 12 94.

Winnemucca 0. 34 210 536 876[1091 1172 916 837' 573'363 153 1761 -1 97

376
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.. WAAL TOTAL HEATING DEGREE 'DAYS' (Base 65 ) , -

.

Desfgn T
o
°F

f

5TATE AND STATION JULY AUG SEPT
.,,,

OCT NOV DEC JAN, FEB MAR *a MAX JUNE ANNUAL WIN. SUMM.

.

NH: Concord

Mt. Wash. Obsy.
6

493
5p,

536-

177

720

505

1057

822
1341

1240

1742

1358

1820

1184

1663

1032

1652

636

1260

298
930

75

603

7383
13817

-11" 91

NJ: Atlantic City . 0 4'0 39 251 549 880 936° 848 741 420 133 15 4812 14 91

Newark 0 (0- 30' 248 573 921 983' 876 720. 381 118 0 4859 11 94

Trenton` 0 57 264 576 924 989 885. 753 399 121 12 4980 a 12 92

NM: ,Albliquergue 0 0 12 226. 642 868 930 703 595 288 81- 0 4348' 14 t6
Clayton. 0 ' 6 66 310 699 89V-986 812 47 429, 183 .21 5158
Raton 9 28 126 431 825 1048, 1115 904 34 -543 301 63 6228 - 2' 92

Rofrwell 0' 0 18 202 573 806 840 , 641 481 .201 31 0 3793 16 , 101

Syter City

'

0

0

0

19

6

138

183

-440

525

777

729

119.4

791

1311

605

1156

581

992

261

564

87

Albany '239

O.

45

3705

6875

1

1

95

91

-- Binghamton (AP) 22 65 201 471 810 1184 1277 1154 1045 645 313 99 7286 - 2 91

Binghamton (PO) 0 28 141 406 732 1107 1190 1081 '949 543 229. 45 6451
Buffalo 19 37 141 440 777 1156 1256 1145'1039 645 329 78 7062 - 5 90

Central Park 0 0 'ABO 233 540 -902 986 "885 '760 .4.08 118 9 4871 94

JF Kennedy. Intl. 0 0 36 248. 564 933 1029 935 815 480 167 12 5219 17' 91

La d1a' 0 0 27 223 528 887 973 879 750 414 124 6' -4811 12 93

Roc. ter 9 31 126 415 747 1126'1234 1123 1014 597 279 '48 '6748 2 91

Schenectady 0- 22 123 422 756 1159 1283 1131 970 543 211 30 '6650 -7 5 90-,

. Syracuse 6 28 132 415 744 1153 1271 1140 1004 570 248 45 6756 - 2- 90

NC: ,Asheville 0 0 -48 245 555 775 784 683 592 273 '87 : 0' A042 13 91

'Cape Hattei-as 0 0, 0 78 273 521 580 518, 44 177 2.5 ',0 2612
Charlotte 0 0 6 124 438 691 691 '582 481 156 22 0' 3191 , 18 96

Greensboro ' 0 0 33 192 513 778 784 672 552' 23L 47 _0 3805 14 94

Raleigh '0 ' 0 21 .164 450 716 725 616 487 180 0 .,393 16 95
Wilmington. 0 , 0 0 74 .291 .521 546 462 357 96 p 2347 23 94

Winston Salem 0 0 0 -21 171 483 .747 753. 652 524 2Q7 0 0 3595 14 94',

N. DAY.: Bismarck 34. 28 222 577 1083'1463 17,08 1442 1208 645. 329 117 8851. -24 95

Devils l.,We. 40 53 273 642 1191 1634 1872'1979 1345 753 381 08 9901 -230 3
Fargo'

Wipiston.

-

28

,11

37

43

2$ 574

;601

1107

1122

1569
1511

1789

1758

1520

1473,
1262

1262

69
681

332

357

99

141

'9226 .

9243

-22'

-21

.

92
94

,
f-

7- _...,, 'J...
'' tk^":4"`....._____.

,

r 0.
.

t
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.. NORMAL TOTAL HEATING DEGREE .PAYS (*Base 65°) ' -,- ',

.

DeSign fo?F

STATE AND STATION JUL; AUG SEPT OCT1 NOV DEC Nil 5E8 C4AR'APRI MAY JUNE ANNUAL WIN. SUIT:

OHIO; Akron'

Cincinnati

Cleveland
.Calumbus
Dayton_ .

Mansfteld
Sandusky
Tbledo ___

Youngstown

OKLA: Oklahoma,Ci
Tulsx

OREG:1 Astoria

Burins

Eugene'

Meacham ,

Medford
Pdrydleton

Pdftland

'Roseburg

Salem
Sexton Summit

PA: :Allentown
Erie
Harrisburg
Philadelphia
Pittsburgh

Reading
Scranton ' ,'

'-' Williamsport

RI: BloCk Island

Providence .

,

'

-

0
0

9

0

9

.0
CC

'6

0

146-

12
34

84
0

-0
25

.22

37

,.81

0

0

0-

0

%CC

Ow

. 0

0'

0

9

0

25

6
6

f 22
'6

1'6

19

0

0

no
37

34

124

0

0

28

_16

31

81

0

25

-0

0

9

0

19

9

16%
16

)6'381
54

105

84

7,8

.1.14

66

117

.120

:15

lb

210,

210/

129

288,

.78

111

114

105'-329
111

171

9'0

102

63.

60

105

.54

112

111

78

.96

.726
248'

384

347

310
397-7,758

343.

406

412

164

158

375

515
366

,5e0

372

-350
335

;338

443

'363

391

298

291
375

257

434

375

307

372

*512

7.38

714

696

584,1032
792

'771
-

498

522

561

867
585

918
678
Ill
59735
567
594
666

693
714
648'

621

726

597.

762

717

594

660

.

1670
921

1088
1039

1045
1110

1138-1200

1,104

'766

787

579

1113.1246
-719
1D91

Uli
884

713

729,

874

1045

1063
992'

964

1063,

'939
1104

1073

.902
1023

113'8'1016

970'.837

1189
1088

1097
1169

1107

1169

868868
-893

753

803

1200
918
1017
825

766
822

958-',809

1116'1002
1169

1045

1014

1119

1001

1156

1122

1020'

1110

.

1047
'949
955

1042 t

991068
1055

1047,

664

683

622

988.
62/,

1005
697.

773

.144

608'

647

11)81

907

'890

1002

'885

1028

1002

955

988
-
..

.

871

.701

,9118'

809

-809

924

924

921..540

527

64,

636

856
589

983

642

617-.

586
570,

611

818

849

973
766

744

874

735

893'

866.

877
868

.

..
.

.489'

336

552

426

429
543

495
543

,189
213

480

570
426

'726

432
396
396

405
417

609

471.

585
396

390

480
372

498

468

612

534'

2'2
118

.260

171

167

245'

19a
242

.248

, 34

47

363

366'

279

'527

242
205
245

26T
273
-465

ir
288
124

115

195

105

195

177

344

236

:-39

9

X66

27.,,

'3Q
60

36

60.

60

0
70'

231

177

135
,

0339

78'

'63

105

123

144

279

24

60-'6451
12
12.

39

.. 0

33

24

99

'6037

4806

6351
5660

5622

6403

5796
6494.
64.17

3725

3860

5186 --

5057
4726

17874 -

5008
5127'

46S5

i 091.
4754
6524

5810

5251

,5101

-598'7

945
'6254

5934,

5804

59111i
-11".'

.

1
8

2
2

0.

"1

4

1

1 -

11

'12

217

22

21"

.3.

26

.25

21

3

7

9

.11.

7

6

2

'1- `'

.6

---89:-

94

91,

92

92,
91

92
'92

89

16
102,

79-

91

98'
97

92

88

92,

93

90,.
92

89

91 m

89..

, .'

Y..
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I

, -. NORMAL TOTAL HEATING DEGREE DAYS (Base 65°) . Design To

STATE AND STATION JULY . AUG SEPT' OCT, NOV DEC JAN FEB li MAR APR MAY JUNE ANNUAL WIN. SUMM.

,

SC: Charlestim
.

0 0 0 59 282 1471 487 389 291 54 0 0 2033 26 95

Columbia 0 0 0 84 345 577 570 470 3 7 81 0 0 2484 - 20 98

Fl orente 0 0 0 78 '315 552 552 459 3 7 84 0, 0 2387 21 96

Greenville . 0 0 , 0 112 387 636 648 535 4 4 :120 12 0 2884 19 95

SpartanbUrg ' Oi ----- 0 15 130 417 667 663 56Q 453 144 ?5 0 31374 18 - .95

S; DAK: Huro'n 9 12 165 508 1014' 1432' 1628 1335 1125 600 288 87 8223 -16 ' '97,
Rapid City 22, 12 '1.65 481 89.7 1172 1333 1145 1051 615 326 126 7345 9 96-

Si otlx Falls' 19 25 168 462 972 1361 1544 1285 1082 573 270 78 7839 -14 95"

TENN: ..Bristol ' , . 0 0 51 236 573 .828 828 700 598 261 68 0 4143 h. 11 92

Chatta:Dooga ;, 0 0 18 143 468 698 722 577 453 150 .25 '0 3254 15 97,

Knoxville 0 0 30 171 .489 725 732 613 493 198 43 0 3494 13 , , 95
MeMph i s % . , 0 0 18 130 447 698 729 585 456 147 22 0 3232 17 98

Nashvilq 0 i 0 30 15:, 495 732 778 644 .512 189 46 .0 3578 12 97

Oak Ridge (CO) 0 . 0 39. 192 531 772 778 669 552 228 56 0 3817

TEXAS: Abilene 0 0 -.' 0 99- 366 586 642 470 347 114 tl. 0 2624, 17 101

Amarillo .
I

'0 0 18 205 570 797 877 664 : 546 252 56 0 3985 8 98

, Austin - 0 0 0 31 225 388 468 325 223 51 b - o _ 1711 25 101

,Brownsville - 0 0 0 0 66 149 /205 106 74 0 0 0 500 36 94

Corpus Christi
'Gallas

,
0

0

0

0

0
40
0

0

62

120

321

220

524

291

601

174

440

'1'09

319

0

90'

0

6

0,

0

914

2363'

32

19

95

101

El 4aso 9 0 0 0' 84 414 64 -685 445 319 105 0 ,0 2700 . 21 100

Fort Worth 0 0 0 65 324 5 6 614 448 319 99 0 6 42405 20 102
Galveston 0 0 0 0 13'8 0 350 258 189 30 0 0 1235 32 91

Houston ,. ,0 0 0 6 183 07 384 288 192 36 .0 - 0 1396 29 :., 96

Laredo 0 0- 0 0 105. 17 267 134 .74 0 0 . 0 797 32 103

Lubbock 0 0 . 18 174 513 744 800, 613 4134 201 31 0 3578 .11 099

Midland 0 0 0 87 381 592 651 468 322 90 0 0 2591 19 100

Port Arthur , ° 0 0 0 22 207/ 329 384 274 192 39 0 0 1447 .29 94

San Angelo 0 .0 0 68 318 536 .667 412 288 66 . 0: 0 2255 , 20 101

Sap Antonio. . 0 0 0 31 20/7 363 428 286 195 -- 39 '0 0 1549 25 99

Victoria G 0 6 1$0 270 344 230 152 21 0 0 1173 28 98

Waco 0 0 0 43 270, 456 536 389 270 -66 0 0 2030 21' 101

- Wichita gall s 0 0 0 99 381 632 698 518 378 120 ,6 0 2832 15 103

...
-

- a N..er.............
. ^..
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NORMAL TOTAL HEATING DEGREE DAYS (Base 656) Design To°F

STATE AND STATION JULY AUG SEPT OCI NOV DE,,C JAN FEB MA'R APR MAY JUKE ANNUAL WIN. SUMM.

UTAH: Milford 0' 0 99 443 867 1141 1252 988 822 519 279 87 6497

'Salt Lake City 0 0 81 419 849 108? 1172 910 763 459 233 84 6052 -$ 97

Wendover d 0 0 48 372 822 1091 1178 902 729 408 177 51 4778

VT:, Burlington 28 65 207 539 891 1349 1513 1333 1187 i714 T 90 8269 -12 88

VA: Cape Henry' 0 0 0 112 360 645 694 633 536 246 53 0 3279

Lynchburg 0 0 51 223 540' 822 849 731 605 267 78 0 4.166 15 94

Ncirfo 1 k 0 0 0 136 408 6'98 738 655 533 216 37 0 3421 20 94

Richmond 0 0 36 214 495 784 815 703 546 219 53 0 3865 14 96

R anoke .
,-

0' 0 51 229 549 825 834 722 614 261 65 0 4150 15 94

W sh. Nat'1 AP 0 0 33 217 519 834 .871 762 626 288 74 0 4224

WASH: Olympia 68 71 4198 422 636 753 -834 675 645 450 307 17)7. 5236 21 85,

Seattle 50 47 129 329 543 657 738 599 577 396 242. 177 4424 23 82

Seattle Boeing 34 40 147, 384 624 763 831 655 608 411 242 99 4838

Seattle Tacoma . 56 62 162 391 633 750 828 678, 657 474 -295 159 5145 20' 8/5

Spokane 9 25 168 493 879 1082 1231 980 834 53,1 288 135 6655 - 2 93

Stampede Pass 273 291 393 701 1008 1178 1287 1075 1085 855 654 483 9283

Tatoosh Island, 295 279 306 406 534 629 713 613 645 525 431 333 5719 .0

Walla Walla 0 0 87 310 681 843 986 745 589 342 .177 45 4805 12 98

Yakima' ' 0 12, 1,44 450 828 1039 1163 868 713 435 220 69 5941 94

W. VA: Charleston 0 0 63 254 591 865 1380' 770 648 310 96 9 4476 9 92

Elkins 9- 25 135 400 729 .992 1008 896 791 444 198 5675' 1 87

Huntington 0 0 '63 257' 585 856 X80 764 636 294 99

,43

12 4446 10 95

Parkersburg 0 0 60 264 '606 905 942 826 691 339 115- 6 4754 8 93

WIS: Green Bay . 28 50 174 484 924 1333 1494 1313 1141 654 335 99 '8029 -12 88

La Crosse 12 '19 153 437 924'1339 1,504 1277 1070 540 245 ' 69 7589 . -12 90

Madison ' 25 . 40 174 474 930 1330 1473 1274 1113 618 310. 102 7863 -.9 92

,Milwaukee 43 47 17Si 471 876 1252 1376 1193 1054 642 372 135 7635 -"6 90

WYO: Casper 6 16 192 524 942 1169 1290 1084 1020 657 381 129 7410 . -11 92

Cheyenne '19 31 210 543 924 1101 '1228 1056 1011 672 381 102 '7278 - 6 89'

Lander 6 19 204 555,1020 1299 1417`1145 1017 654 381 153 7870 -16 92

Sheridan 25' 31 219 538 '948,1200 1-355 1154 1054 642 366 150 7683 -12 95'

P

3c3(.J,
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Building Heat Load Calculattons

Job

Computed by

Location

Worksheet TA-1

Sheet 1 of 2

Number of Occupants

Date

Latitude

Indpor.temperature, TB, ; °F .

.

Design winter outdoor temperature, To, of

DesigR temperature difference °F

Design degree=daY, 65 -.Ira, . °,F

Buildinglding Dimensions: i
1

y

Above Gr,;de: Cength ft Width ft Ceiling Height ft

Below Grade: Length ft Width' ft Depth ft

ConcreteFloor Slab: Exposed perimeter ft

Exterior Wall Area:

Window Area:

Door Area:

NerExteriol' Wall
'Area:

ceiling Area:

A

Floor Area:r

Basement WaI,l Area:

Heating Degree-Days:* January °F -days

Annul °F-days

*4From Table 13-2.

386' I
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liorksheet TA-1
Sheet 2 of 2

1

. ,
,

.

. U

BtiL A
AT °F
(TR
To)

h UA AT
Btu/hr .

- ,(hrlift21(_°F)__
Exterior Walls (net)

Basement
Walls

love grade' . ,

Below grade . . , * v

Windows
and
Sliding
Patio
Doors

Single .
Double .

Triple °

Storm . .

Exterior 'Sfab -Doors
,

Floors Over Crawl space

Concrete Slab on Grade .

Basement I

Ceiling
Subtotal (wall sm- windows, doors, 'floors, ceiling),

Infiltration: (0.018) x ft3 x °F

Duct = 10`, of subtotal (if duets not in insulation envelope) .

Design Heating Load: Btu/hr

Design' Heating Load: .13-tu/DD
Design Heating Load (Btu/hr) X (24 hr/Design TO) k

January Heating Load: m Btu
(Btu/DD) X (JanOary. OD)

,
.

.
Annual Heating Load: m Btu -' . .

(Btu/DD) X..(Annual. DD) -

*AT = TR 45°

DOMESTIC HOT WATER LOAD

Number of occupants X -16,680 Btu/day
#.-. . ,.

January Load (m Btu) (BtuZday) x 31 x 10-0

Annual Load (th Btu) (January load x 12)

0

3



Building Heat Load Calculations

Job

Worksheet,' TA-1

Sheet. 1 of 2

i . N

Number of Occupants

:Computed by i Date 3

Location Latitude-

I
--Indoor temperature, TR,

,

°F

Design.
,

winter outdoor temperature, To.. °F

Pesign' temperature 'di fference 1 °F

"'Design degree-day, 65 To, '''°F

Building Dimensions:.

Above Grade: Length ft Width ft Ceiling Height .ft

Below Grade,: Length 11! Width ft Depth ft

Concrete Fl oor Slab:' Exposea\perimeter ft*

Exterior Wall Area :

Window Area :

"60

Door Area:

Net Exterior Wall
Area:

Ceiling.Area:

Fl oor Arei:

Basement Wall Area :

HeatingDegree-Days:* January °F -days.

/Annual °F-days

.* From Table 13-2

I
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6

5

o-
Worksheet TA -1
'Sheet 2 of 2

.
.

-
_

o

.. - . ... .

U

Btu
f

A

'
AT°F

To)

..h ,--. UA AT

, 'btu /hr
..

(hr) ( ft2) (Irr)--
Exterior Walls (net)

(

c

Basement
Walls 1

,>.
Above grade ,

.
f'

Bel ow.' grade ' - .
.

Windows
and
Slicing
Pat
Doo

. .

' .

'o .
.5

Single -
-4

Double ;
i

_ -..
I

Triple .,,-
.

Storm

Ext

Flours

.

rior Slab Doors
1 . . .

. . .
1 Over 'Crawl splice - rI, ,

... .

.. ,.
I) Concrete Si ab on Grade

p .

I Basement' . .
4,

.

Ce ir rig 1-

Su otal (Walls, windows, doors, floors, ceil ing.)
I .

Infiltration:. (0,018) x . ft,3 x 0E '
14

1 flli:t = 16) of subtotal (if ducts notin,nsulation envelope) ,
---- .._____/

_ .
Design fieating Load: Btu/hY .

: . '

0 sign Heati ng:Loatl: BtuiDD 7
Design Heating Load (Btu/hr) X (24 hr/Design TO) , ...

1______ ' .. , .
____.

January Heating Load: m Btu
, (Btu/DD) X (J'anuar,ypD)

k
.. ,

-.
Annual. Heating Load: m'Btu . 4.:

(Btu/DO) (Annual CD) j --;
.

)
*AT = TR - 45'

60MESTIC HOT WATER LOAD

Number of occupants X' 16 (6t,i0 Btti/day

.1. January Load (m Btu) (Bt' /day) x 31 x 10-6

. - Annual Load On Btu) (January load x 12).

3 8 9
1

41.



\

t,

It

'. TRAXN1 G COURSE IN

,
;.,' THE PRACTICAL ASkCTS.OF

-- $

k
SIZING, INSTALLAON: AND OPERATION.OF SOLAR HEATING AND. COOLING .SY.STEMS

FOR,

RESIDENTIAL BUILD MS '

'MODULE 14

0

6 ts

4

SOLAR ENERGY APPLICATIONS LABORATORY

COLORADO STATE4NIVERSITY

/ FORT COLLINS, COLORADO

390

0.

I



v

; *It

.
1

.
, I . 14-i ', ."

4e- .0, .
.1,

- I ,.

i Afr .. " .

- lIST OF FIGURES. \ ..,.

... LIST OF TABLES , . : .

1

. L / .

," TABLE:OF CONTENTS

4

'INTRODUCTION ..
. 14-1.

OBJECTIVE . : ,, .' 1. .

- '...

.1411
i

RULES Of THUMB . . . ,

.', . .

14,-:2

...

1 FRACTION OF THE -ANNUAL HEATING LOAD CARRIED BY 'A SOI.AR , ,/
HEATING .SYSTEM . % ... . . .,-----

. " .' 14-i

/ ...
,

EFFECT 'Or HEAT EXCHANGERS, . 14-6
(..

f
.. ,' e

' EFFECT OF -COLLECTOR' TILT .
1

.
14'17

.. -

;_EFFECT OF ORIENTATION .
.

/
... 14!7

..,

z.

,

>' WORKSHEET TA-2 . 14-9 '

.... .P

Collec.tor Area .. . ,, . 14:9 24?

*
. Fraction of Annual

,

,. Load ,
-... "114-11

, 4

V

.

ti

4

,
,. . .

. EXAMPLE ..).
.

.

,.!.

. ,,p, y 14 -13%';il:.. v.

., SOLAR SYSTEM.SIZING .
. .. 14-13

ct 6 .

, WORKSHEET TA-.3 .., .: 14 -15. -
.

. 1

REFERENCES . ,. T'
I v. : , 14-16

d
.

BLANK WORKSHEET' FORMS .
.. r

A

4-

4.

391

ISO

4

11

ti

r ,

.

i;

4

4.%



-..?

' r
: 14-2: cff,t 6,,f' So4,pr; 0?;,11ctor Til t-on Annual
., . . :'' . Hiia.eiltig::'kVfolityli4e -. ---h...- : . , 7

J.4

14-3: '
.
.-- Effect of So1a.'r'CD11-ect-or Orientation on;

4 . . - Anniial. 1:leatinj Performance *... . 1.,

x .
". - '

-., ...-,. .
...

14 -ii
V'

.
, . .

: . ...
1 (ST OF EIGUnS

- ( 4*. , . '7' fure 'f -
. . ., .2-.. /t : ,

_ ' .
..1471 Fractfon if. Aiiiral.:1-leating OdadFu'rnis ed

t?.Y..zi 'Sol ar 1-k,g firi.g 'Syseeni. '..

PIP

am/

Table

,

14-1 4 Rujes of:Thumb foi' Sizing.' .

4 /

V
(.4 4_IST OF TAR

A "

4.
A-

3
f)

Vrd

I

.

3

I

411116

4.

14-4

14-7 .,

. 14'-a

'

I

)
Page.

1472

9

41

.. 1

L

O

4
ti

S.



5

.14-lw

.

ItRODUCTION

'Solar 'heating systems are sized 'to provide a desired fraction of the

. total heating load of the- bid] ding. The ,desired, fraction of, heating rjoa'd
. , .

can be choten arbitrarily, or determined 'froin econeMiClnalysis,. so that'
..., .

; .
theannual heating cost of the solar - auxiliary; system ,i s mir(mi zed. -.The,,; , '

.

..
,. , . c

". dbllector area is the main quantity 'o be, determined apd, from the col-
.,

lector area, the storage size° is selected. The, size,

furnace is based' upon the design heating load an

auxiliary
,

W,

heat del tv,ery

. rate:. The appurtenant pumps,' blowers, and heat exchangers depend priT '-'

.marily upon the collectorize and heat delivery r.ate.
,

f % .

There are various methods for determini.ng tk
..
fraction of 'annual:

.

, heating load i.:1"ppljed by solai- systems, varying from detailed computer
4

programs to rules of ,thumb. The method described in this module is an
1 .

a.

,

proximate method to size .solar collectors, for both liquid and air-

7, heating syslols. After many computer-based ,4signs ; experiments, .and ./
. -

several years of practical expgrience, several rules of thumb have been
, . 4 . ,

suggested. TJe rules
,

of thumb ate to 'be used as gen eral. guidelines,and
.,, . ,

, ., ..-41,- ,

manufartui-ers of components-and solar systems may have inoi-e detail ed

.information and specific recommendatiOps.

OBJECTIVE ' -

., .
This module isdirected to., sizing of'solar heating systems for resi-

ca

,deaiai buildings. From this module the trainee should.,,be -able
t

11" mine the approximate fraction of the annual heating load which
.t9

4.

Seating system will deliver to a given building.

A

393

to-deter-

a solar-
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I

RULES OF THUMB
*

Rules of thumb for gizing.air and hydronic solar systems ar pre-
,

seed in Talije 14-1. Collector.area is not listed in the\tOle because

there.4is considerable' variation and freedom to choose areas arbi-
.

I trarily. From the coll.ector, area sizes, other components of the system
,

may be determined.

Table 14-1

Rules of Thumb r Sizing

SOLAR AIR HEATING SYSTEMS

Collector slope

Collector air flow rate

F,ebble-bed storage size

Rock depth

Pebble size

Duct tilulatiOri

Pressure drops:

Pebble-bed

Collector (12-14 filen,gths).,

Collector (120 ft lengths)

Ductwork

Latitude+ 15°

1.5 to 2 cfm/ft2 of collector

I/2 to 1 ft3 of rock /ft2 of collector

4 to 8 feet in air flow direction

`3/4" to 1" concrete aggregate

1" fitierglassbinimilm

0.1 to,0.3".W.G.

0.2 to 0.3" W.G.

0.3 to 0.5" W.G.

,q,0.08" W.G./100'.duct length

SOLAR HYDRONIC HEATING /COOLING SYSTEMS

Collector slope

Collector flow rate

Water storage size

Pressure drop across
collector

Latitude + 15°

'0.02 gpm /ft2 of collector

1.5 to 2.5 gallons/ft2.of collector

0,5 to 10 psItollector module

SOLAR.DOMES IC...HOT'WATER HEATING SYSTEMS

Preheat ank size 1:5 to 2:0 times DHW_auxiliary tank*
size

4.

a
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.14 -3

FRACTION OF ANNUAL- HEATING LOAD CARRIED
"- BY A SOLAR HEATING SYSTEM

.
. t .

,

The collector area required for hydronic and air heating solar
41, ..7

.
.

systems to provide the desired fraction of the annual heating load is
,

deterMined'_by the use of Figure 14 -1. The symbols used in the figure

are ; A, the solar collector area in square feet (ft2); L, the January"

heating load of the .building ill Btu per month; S, the total solar radia-

tion per unit area Tor the month of January on a horizontal'surface at

the building location in Btu/(ft
2-

)(mOnth);,and f, the fraction of the 4

annual heating load delivered by the solar heating system. Suppose that

a solar heating system has a total collector area of, 500 squall feet, the

building hqlvr as a heating load in January of 15 million Btu, and the total

solar radiation in'January at the location is 31,000 Btu /ft2. Then,

, AS
- 31,000 x 500 - 1.0.

_17 7T500,000

From Figure 14-1, it is seen that a ,liouid-heating solar system would

provide about F4f pertent.of the annual_heatin,Vioad and ah air-heating

system would provide about 90 percent of the annual load.

For the purpo'sof sizing the area of collectors in a system, the

values of S and:L are determined for the particular building at a given
1

location, and the fraction of the annual heating, load, f', is selected.

With these values, the area of collectors needed to provide the desired

fraftion of annual heating load is determined with the aid of Figure 14-1.

Fcr example, let us suppose that wp desire a sblar hydroniq system to
,

. , -

supply 80 pertent of the annual load. :-From Figure 14-1,;th value,pf

'AS/L correSponding to f of 0.8 is.0;9. Thus,

Lr ,

3.95

4, . .

4 1
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.Typical 1...)quid-heating Solar Colle.tor

.

it
et *.Typical Air- heating

Solar -Collector... \
, ...-

.
.

. .

...' . ..

....

71---\

.. . .-
The
15°

Curves
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V

=
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.,

L :--

angle between
+ the latitude.

shows!
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Solar Colfecfor

January.
Surface,
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I

the
angle

are drawh
solarcollector.

1
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Building
I 1

,

collector and
( °N).

for the case
and

ft2

ft2) ((month

Heat Load,
1

. .

the horizontal

of no heat
heat storage.

.

-. .

: -

on Fidrizontal
)"
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'I

.
is

exchanger..

.

month
I

.

i

it

_

.

,

./

..,

..e.,

, p

4,

:

.

..,,
.

'.

t

. .

s

0.2 . 0.6 0.8 1.0 1.2

.A$ /L

1.4 1.6 1.8

- Figure' 14-1. Fraction of Annual Heating Load Fui-niShed by a Solar Heating System
.
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and the area of collectors needed' is determined' by:--

A
0.9 x L

.
:The area of collector desired is dependent upon th'e January solar radia-

tion, S, andJaryry heating load, L, of the building. The mean daily

radiation for. January (also for every inonth.of the.year) is listed for

several, cities in Table 4-1 i(see Module 4).- The cities listed in the

table are limited in number and, for .other locations, the maps of Figures ,

4 9.or 4-2Dmay be used. The .values 4n the 44iwif , or those obtained by

tdpoIation from the maps, must bemulti-plied by 31,- the ,number. of days

in January, to establish the value Se The January heating load for the

building,,,iis'determined fromfrthe procedures described in Module 13.

Because it is pot Practical .to design a solar system to provide more

than '90 percent of the: anntial load for a building, the curves, in Figure

14;1' do not apply for f greater than 0.9. There are several assumptions k

coneerningsthe "typical" solar systems used in determining the curves in

Figure 14-1. The "typical" flat-plate colleciors con'sist. of two glass,
covers arid an absorber coated with black paint. 'A '"typical" air-heating

collector consists of two glass covers and black absorber, and the air

-, flows through a duct beneath the absorber plate. In a "typicalP liquid

heating -collector, the, liquid flows ihrlough tubes that are ei.ther inte-
A.

I

gral, With, or bonded to, the absorber pfiate. The collectors for theI . . .

typi4a1 systems
,

are facing due south, and tilted at an angle equal to the
t

,
. ,.

latitude -ic us-I g derees. It is -also assumed that the hydronic system
,

has no heat exchanger between the collector loop`and the stora,e circu

. tion loop.
4

When there are variations in the systeig- from these assump

tions, corrections. -must be applied to determine the appropriate col lector

area.,

398
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EFFECT OF ,HEAT EXCHANGERS'

/

For liquid-heating solar sAtems in cold climates. a heat exchanger

'between the solar collector and the ho water storage tank is appro-
.

,

Priate. The effect 'of a he at exchanger Is to reduce the temperature,

of the water in storage because a .finite temperature difference is

required to -transfer the heat from the co llector fl uid to ,thesstorage
v.

fluid across ,the heat ,exchanger.. Al ternat vely, we may consider that 1 .

the heat exchanger raises the operdtifig to peratureof thefluid in the

,

collector to Oovtde the requi red itbrage_w ter temperature. The

warmer collector fluid' temperature causes a eduction in collector

44 .

which reduCes qe quantity of he t delivered to storage:

t- 4
--- The effect of the heat exch6nger may be. ffset by increasing the '

.

, '
Y

.

MI
. , _. o

4 area of Ole collectors.. The ditionAl col Wor area required is

0 '
one perpent. for every one F 'across the ',heat .eAchaTger. :A wel 1 -desigOd

/
I. ,

. I

\ ' )s 0

heat etChger will .operate,Wfth 'a femperatuee 6fference of .about

,,,

.: '.
.

i 10°F between the col lecto4: and, tolfr,age
. water,lob'1

Ps..., The collector
4 , '

, .

area Cal culated\w*th the ysejof.lFigure 14.-1. shO4d then be increased
\ . )

' 1

by 1/16 percent 1.-fth<temsperatUre d 6eience is .\5°F the, area should

\,)'

r

o
.

., '' be increased 15:pqrcent. 'mg
.. \ ''

An ..air:he tiog l ar-2"sy,stem.0oes' not 'require heat exchanger

' because which is fieated An the collectors is del ivered
-

A -

directly to 'the roomb or, passed' t'hroygh storage-whe r heat is:
'

-

transferred tote pebbe4-bed.' The, surface of the st rage materialc
Nt,

is, in effect, alsO the heat ex.piariet' When no heat xchanger is
.

Used in a- hydroni system be't4en the collectOr and sto age loops,

, a correction need t be applied to the Collector 'area d terminedi

from Figure 14-1.
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' 14-7
A

*.'!

EFFECt. OF COLLECTOR TILT
,

.. ,, ,
. ,

.
- The recommended angle between tht plane of solar collectors and tpp hoxr:

.
izontat
,...

: ,.
l' s.

,

<5delle e s" plus" the local ,latitu d e, ,- t (°N) for the Ws tems.repre-.r
-**-sentO inligtkre 14-1. As -an example, if the location is

.

Boulder, Cblorado,

.the
.

where the latitude is 40°, .the collectors are tilted.55'9 (40+15-1: from %

4-)

5

the horizontal and feting southWard. The effect.of.solar -collectors
,

mounted at tilt a gles:other than that recommended is shown in, Figure 14-2.

Continuing with Bo lder, Colorado, as an example; suppose the collectors

are tilted 25°-fro the horiZcintal (t -15:1; 'then' a fixed col TectOr area

will deliver only 9 percent of the energy that the same collector area ,

'u

will deliver when ti ted at 55°. if the same frtCton of the'annUal

I.0

6

.

heating load is to b proided, 'the collector area. must 'be 11

greater [(l00%:' 0:9) 00%] for col 1,ectors pl aced at a 25° _tilt angle.

0.7

2-35

s

,
.

.

, °It

.,
5 j'

. 7,
N

i

.

.
.

.

.

s.

.
.

. 1

1 .

.

5

.

.

_

.

0

.

I .

_

.

v

-2-25 E-15 2-51 ' E+5 2 +15 2+25 ;' )?+35

/Figure Effedt of Solar Collector Tilt on,Annual Heating Performance
"[2, = local latitude (°N)]

2+45

.

-N
.

EFFECT OF ORIENTATION ,

,
. .

, '''
.

Figure 14-1 applies to-collectors facing due south. The effect 'ID? N.

....

solar collector orientation On annual heating performance is shown in
, . N

O

Figure 14-3. Mere is reduction in the amount of heat delitiered 'by

., 4Q0 a
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collectors that are not facing due south:. For example, if'sthe' solar

..

_collectors of a* Oven system face southeis't:_(45° eastof soiit.h), then the

. ,
system would deliver only,9(1 percentofthe heat provided with a,south-, __

facing collector., The' collector area should thereforei,b4 increased by

,,

11 percent in.order to provide the sand fraction of the annual heating

-C, 0 .
CU V)

CC

.1-

1 oadlipf building.

1.0

09

0.3

0.7

0.6
90 60

West:

I

I

5

4

30 , 0 30

Smith

60

Figure 14=3. Effect of .Solgr Collector Orientation on

Annual Heating:Performance

4
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_

WORKSHEETNTA:2
;

Collector Area

The calculations need6d to determine the collectar.area for a pre-
r.

selected fractioh of the annual heating load are organized on worksheet

TA-2.

F

A. The latitude, (2,), ofthe solar system installation is needed

to set the collectoi- tilt If the latitude is not known, the..-'

map of Figure 4 -20 (Module 4) may be used to determine approxi-

. :
mate3hatitude.

B. The mean daily solar radiation :in January, (s), for selected

Cities is listed in Tible 4-4 in Module 4. Values are in..-

Langleys and should be multiplied by 3.69 to convert the.

units to Btu/ftday. If the values in Table 4-1 are inappro-

priate, Figure 4 -2Q may be used. It. will be necessary to

interpolate between the iso-radiation intensity lines.

C. Average radiation for the month of January, JS), is determined

by multiplying the value in'B by 31, the number of days in

January.

D. The building heat load for Jamary is calculated on worksheet TA-1.

E. Divide item C by item D. This yields-the guantityS/L.
, ___

F. Enter collector tilt. The recommended collector tilt lad,-
N

tude plus 15 degrees for heating systems.
.

G. Collectors oriented due south i zero. ff- south angles east

i

or'west of south shOuld be indi ed.

i

,,,i 1

H. Indicate whether a heat exchanger is used.

I. Aolculate collector area as, follows:

column [1], enter triarnumber. Note: Trial collector sizes

will be used in the life cycle cost analysis to determine.

hest collector size.

. 402



SOLAR SYSTEM DATA

Building Owner:

*Address:

Ontragtor:

Type of Solar System (air or liquid)'

A. Location: Nearest city Latitude (94

14orkshe4t TA'=2

-[3. Mean daily golar radiation in January (s) ) Otu/ft2.day)

C. January solar radiation on a horizontal surface (S)

D.

.

A .

.

03x 31) ='

January building:heat load(L) (8 u5onth)
.r v .

E. January solar radiation January building load

(Sit) = (1/ft2)

F. Eollector.tilt + 41 Of

G.. Collector Oridntation degrees, from south

H. Heat Exchanger Temper tve-Difference (Liquid systems only)
o

fv

I. Fraction' of annual heating load:

[1] [2] [3] [4] 1 [5] 4[6]° °[7]

Trial

Number

Trial Collector
Area at -,

Tilt =Latitude
A

Ariea Corrected
' for

Tilt
A

Area Corrected
for

Orientation
A ,

Area Corrected
for

Heat Exchanger
A

SA
L f

. .

.
_

.

121 Selected arbitrarily or determined from f
A_

. [3] Correctibp to
4
co)umn [2] for tilt npt equai to latitude + 15° (Fig.. 14-2)

[4] 'Correction to column [3] for orientation (Fig. 14-3)

[51 Correction to column [4] for heat exchanger (1,iquid systems 'only')

[6] From Figure 14-1. '

[7] Selected arbitrarily or deterMined Figpre 14-1

403



a

Column [7], enter fraction df load to be carried ,by solar.

glumn [6], enter thevalue from Figure 14-1 for the liquid

or all r systenl..

Column [2], calcultte%rea .from

A = value in column [6] 4. item E'

Column [3], correct area for flatter or steeper tilt than

+ 15 using factor from Figure 14:2. Divide A in

column [2]..by factor from Figure 14-2. *

Column [4]., correct area for orientation, Dipe A .in
.

c olumn [3] by factor from Figure
, d

Colu'mn [5], correct avea for heat exchanger. Multiply Ain
a

column [4] "by [1,+ (tempeature differehce in H/100)]*,.

10
i.e., [1 + Trz ] for a 10 degree temperature differenCe

at the heat exchanger. NOTE: This applies to liquid

systems only.

. .

Fraction of Annual Load_ -

f

The calculations to determine the fraction of annual load can also

be made by using worksheet TA-2.

Items A through H are provided in the same manner as previously

described.

--) I. Calculate fraction of-annual lOad as fdllows:

Column [T], enter trial number.i-Note: Trial collector sizes j

will be used in the life cycle cost analysis to determine

best collector size.
e

Column [2], en'tkr trial collector area.

Column [3], correct area ,for

Divide column [2] by factor from Figure 14-2.
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Ili

14-12.

I

Column [4], Correct area for ortentation.

Divide columns 13] by factor from Figure 14. 3.

Column [5] ,' it orrect . area -for. heat 'exchanger.

Pultiply column [4] by (1 +
temperature difference

This applies. to liqu'id systelli's o y.

CoTumn[6]; calculate SA/L.

Multiply A in coluffin [2] Dy S/L in item E of the worksheet.

Column [7], read -Pfrom Figure. l4 -1 for.air or liquid solar

41/4

i"

system.

fxtra workshee4s 'are provided at the end of this module. Copies

lu be/madQ: from the blank forms for general office use.

Si

tE

I

,
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,,

. %,;.: , °,*'
. :' EXAMPLE

44
. 1' rr

A buildingin BoSton% Mass'achuseits;has a January heiting-Pload of,

'27:115 million Btu per month arid an annUarkeating lo;d, 1-1,-"of 154.08

million Btu.per year. An air-heating solar system is' planned:

The.coLlector is to be tilted at an anglelpf 83 degrees from the
. ,

horizontal and-faces 35 degrees west of south. Determine the solar

. collector areasreqUired to proyide60'percent of the annual heating load.

' The solution is given on worksheet. TA-2.

From worksheet TA 2, the area required is1060 ft2.
. If the collector:',,

modules .are 3 feet by 6.feet, then the total number of collector

modules required is:
. ,

N

10601 ft2
58.9 modules

18 ftZ /module

Because integer, and usually even numbers of modules are desired,

`60 collector modules will probably be used.

SOLAR SYSTEM SIZING

When the collector area has been determined, the other system

components may be selected. Worksheet Tk3 is prOvided for convenience.

Most of the sizing guidelines are provided in Table 14-1, except forA
#

sizes of pumps, blow rs -and heat exchangers. The selection of heat

exchangers nay req ire specialized assistance. Manufacturer's represen-
.,

. tativesjir catalogs can be used as aids in Caking proper selections.

I

1 .

f

I

O.'
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Building ,Owner:

Addre:
Contractor:.

.S

_\

4-14

SOLAR SYSTEM DATA

Type of Solar System (sir or liquid) Aft.).
A. Location: Nearest city _805,40r) C1lA Latitude (2)

Worksheet .TA-2

B. . Mean daily sol'ar radiatiion in January (s) = 417h (Btu/ft
700.

C . Janudry solar radiatt.ton a horizontal -surfaC4 (5)
cl

sib
(13.x 31) = if;/.5k) (Btu/ft2month)

D. 'January building heat; load (L). a7)13_5(,) ;000 "(Btu/month)

E. January solar radiation .:- January buildipg load
(SL) =c0.000$3 (1/ft2)

-F. Collector tilt .S3° /14/ or 2.-

G. Col lector Orientation 3E, degrees,
5*

1..)eis-f- from 'south
.

H. Heat Exchanger TemperatUre Differe,nce

I. Fraction of annual heating.load:.

[1 ] [2] [3]

(Liquid systems only) 0

[4] [5] . [ -[7]

Trial
Number

Trial. Collector
. Area at'

Tilt = Latitude

- A '

Area _Corrected
for
Ti 1 t.,

A

Area Corrected
for

Orientation
A

Area Corrected
for

Heat Exchanger
. A

SA

L

ir,...
.
'f.

1: e20/ sIOOk's /066' 0 .4i8 .' i &so
.

, .
. . .

, .

ri
t2]. Selected arli.trarily or deterned .from f

',[311 Correction to column [2] for t4lt not equal to latiud + (Fig 4-2)
[4] corre,ctirN to col,unin [3] for orientation (Fi9. -14-3)

eprrection to column [4] for heat exchanger (liquid systems only)...

./.

[6] From Figure 14-1

[7] Sele.cjted arbitra,rily ,or determined from Fi.gure 14-1

'P 407;
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SOLAR SYSTEM SIZE

A. Type of System

14-15 i'

WORKSHEET TA-3

B. Ecoriomical Collector Area
a

ft
2

C. Collector Tilt
,

degrees

D.' Collect° quid Flow Rate:

I. Air. System (1.5 to 2 cfm /ft2 collector) cfm,

2. VipiCid- System 40,02 gpm/ft2 collector) gpm

E. Riamps: :Lig d System

. Collector loop flow 4rate (D.2)

Head
t gpm

ft

2 . Storage loop fl ow rate 't1.5 x E .1 ) gpm
'Head ft

.
3 , gpm

A- Head 2-3 ft

4. Heat distribution coil (depends
upon heat delivery rate.)

3. Service water preheater

gpm
Heal ft. -

F. BlowerS: Air SySem

I. Cojlactor loop (0.1) cfm
Head 1-1.5 in w.g., .

2: Distribution bloWer (0ovided cfm
with furnace)-

, , *Head in w.g.
.

.

3. -One blower system (110) cfm
Head 1-1,5 in w.q.

G. Storage: -A,

1. Liquid system B X.2.0 gallons/ft2
collector

, ,
' 2.. Air system B x 1/2 ft3 /ft2 collecto

14a),, Pebble size (1-in. screened
concrete aggregate) .

2(b) Ccdss-section area (D.1 : 20) . ft .

(c) Rock depth (G.2 1 G.2.b) ft.

ft
3

H. Heat Exchangel:s:

Consult heat exchanger manufacturer

pa'

;.`

4 0;8
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BLANK,WORKSHET FORMS.
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A
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.0

Build ng Owner:

LAddre s!

Cont actor:

Type

A

SOLAA SYSTEM DATA

f Solar System (air or liquid)

, Worksheet TA-2

A. _ocation: Nearest city L atitude (0 :

B. can d i,ly solar radiation in January (s) (Btu/t2:day)
,

C. anuary solar radiation on a horiZontal surface (S)

(B x 31 ). = (Bfu/ft2month)

D. J nuary building, heat load (L) (B(u /month)

E. January solar radiatiOn : January building load

(1/)

F. Co lector tilt . : + , or 2.-

G. Collector Orientation degrees, from south

H. Hea- Exchanger Temperature Difference (Liquid systems only}
oF

I. Frac ion of ann ual heatIlts load: 4

[4] [5] L. .161

Trial

Humber
Tr.i 1 Collector

Area at
Til =Latitude

A

0

Area Corrected
. for

.Tilt .

A

Area Corrected
.... for

Orientation
A

.

.

Area Corrected
for

Heat Exchanger
-

A

SA

L

, f

.

f ,

f
,

. ,

,,

.

.

,

.
-

.

S*ct.'ed arbi rarily or determined from f
..

COrrVctiOn co1Umn [2] for tilt not equal to latitude + 1 5° (I It 14 -?)

prrection to o6lumn [3] for orientation (Fiq. 14-3)

Lorvection to column [4] for heat exchanger (liquid sy,,iew, only)
n 0

I rum Figure 1 I

Selecti.(1 arbi rarily or,deterlioned frimi Figure 14-1

AIL
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o

Building Owner..
. .

t Address: ,.

Conlr:actor:

Type of Solar System (air or liquid)

Location: .11ear°6st city Jatitude

B. Mean daily solar radiation in January (s) (Btu4ftdayl

C. January solar radiation on horizojntal surface (S) ,

(B x 31) =

Worksheet TA-2
4

5

SOLAR SYSTEM DATA

D. January building heat load (L)

. r

E. January solar 5-6diatiori : January building lea

(S =

.

F. Collector tilt

G.,, Collector Orientation.

: t 'or

/

H. Heat Exchanger Temperature

f.

El]

degrees,

(Btu/ftmonth)

(Btu /month)

(1/ft2)

from south

Difference (Liquid ystems'only)
oF

rractipo of annual heating load:
I

[2]

t

[4] [5] [6] [7]

47,

Tr'idl

Number,

Trial Collector
Area at

Ti 1 t = La ti tude
.....

A

.

Area Corrected
, for

lilt
'7A -

Area Corrected
for

Orientation
A'

Area Corrected
for .

heat Exchanger'
. A

,,,..

SA
. f

e
...--- . .

. ,

.

.

) t

i

.

r . A

[21 Selected Xrh4trarily or determined from f

[3] Correetioli to column R] for tilt riot equal to latitude 15
o

(1 N. 14-2)

[4] Correction to column [3] for orientation (Fig. .11 -3)

[5] CorpectioN to column [4] for heat exchanger (liquid systems onlyt

[6] from Figure 14-1

1[7] Slocted arbitrarily or d(Jermined 'from Figure 14-1

/

4.
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\.

Of

A.. Tyge

B.

.
Eco omical Collector Area

C. ,gol ector 11.1t
.

of System

SOLAR SYSTEM S

D.
\

Co lector Fluid Flow Rate: %,'",

1, Air System-(1.5, to 2 cfm/ft2 col'lictor,\.

2. Liquid Systeill (0:02 gpm/ft2 collect riff

_

E. Pu ps: Liquid System'

1. Collector loop flow rate (0.2) gpm

4 Head ft

. Storage loop flow rate (1.5 X E.1)

Service water preleater
.5f

1

3 gpm
0

ZE

r

WORKSHEET'TA-3

f\t2

degrees

cfri)

gpm
0

Head

gpm
'ft

-Head . ft

4. Heat distributiOn coil (depends gpm

; upon heat delivery rate) .1 ft

F. Blow rs: Air System

1. Collector loop (D.1)
3

2. distribution blower -(prOviied

ith. furnace)

3. S e blower system (D.1),

G. Storag

cfm

Head 1-1.5 in w.'g.

Head

cfm
in w,g.

. cfm

Head 1 -1 :5 in w.q.

N

1, Li uid system Bx i.0gallonsift gal

c 11 ector

'2. Air system i3 x-1/2 ft3/ft2, 'coil e for ft
3

(a) Pebble size (1-in. screenec1

concrete aggregate) .;
(b) Gross-section area '(0.1 :20),

'....(c)
Rack depth (G.2 : G.2.b)

Ht Hest Exchangers:

Consult heat exchanger manufacturer

?
w.
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A. Type of System

B. Economical' Collector A

C. Collector Tilt

SOLAR SYSTEM SIZE

rea

D. G011ector Fluid FloW Rate:

WORKSHEET TA-3 I.

c

ft
2

deguei

F.- 'Air System (1.5 to 2 cfm/ft2 collector) cfm

2. Liquid System (0.02 gpmfft2 collector) gpM

E. Pumps: Liqbid System

1. Collector loop flow rate (D.2) .-

Head

.2) Storage loop flow rate (1.5x E.1).
Head

3. Servite-water preheater 3

Head 2-3

4. Heatdistribution coil (depends
upon heat delivery rate) Head

./'

F. -Blowers: Air System

_.....,' 1. Collector loop (D.)
.

. Head 1-1.5

2. Distribution blower (provided
,

with furnace)
..,

.. Head '

3. One blowersystem (D.1) ,'

Head 1-1.5

gpm

ft

gpm

ft

gpm
ft

gpm
,ft

cfm
in w.g.

.

cfn, ,j>/ .

, in w.g.

cfM .

in w.g.

G. 'Storage:. )

1. Liquid systeM B x 2.0 gallon%/fez gel _

collector

2. Air system Bx)/2 ft3/ft2 collector ft,

(4 Pebble size
.

(1-,i0-. -screened

concrete aggregate) . ,,_

(b) CrOss-sectim area (Dil : 20) a- .. ft2

(c) Rock depth. (G,2 : G.Z.b) -----'ft

H. Heat: Ixchangers:

Consult heat,exchanger manufacturer

414,
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15 -1

INTRODUCTION
'4C

The major portion of the cost of heating a house with a conventional

heating system is the cost of energy"used by the system.. A%significant

,

portion of the cost of heating a house With a solar system includes pay-
,

ment for lar hardware as well as energy used by the ty unit in

. 4,-

the Sol system. While the capital investment in a conventional heating,

system is usually less than $2,000, the capital investment in a solar

s heating system. is many times that amount.

An economic analysis of solar systems involves comparison of the

capital and operati=ng costs of a solar system with the operating costs --

of a conventional system. Among the many methods available, the method

of life-cycle cost is explained in this module. In this method, the

annual cash flows for solar and non-solar systems .are. considered. If

the cumulative difference in cash flows (non-solar minus solar) is

positive over the life of the solar system, then the solar system is

economically viable.

OBJECTIVE

The Objective of this module is to describe the life cycle cost

method of economic analysis to compare solar and non-solar systems. The_
I

trainee should be able to use'the work-sheets.provided in thit-module to:

-1. Determint the annual cash flows for War and

non -solar systems,'

2. Dettrmine4 the feasibility of a solar system,

3. Optimize the collector area4ar a particular solar "

.t

v'stem installation.

418
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15-2.

ENERGY COSTS
O

The conversion of unit costs 'df energy to dollars per million Btu

(;$ /mBtu) with variout furnace efficiencies is shown on Figure 15-1 For

natural gas, propane, and No. 2 fuel oil. The conversion of electric

energy costs to dollars per million Btu for resistance heatin6'and heat

) pumps with various coefficients of performance are shown on Figure 15-2.

To determine Ehe cost per Million Btu of heat generated from furnaces,1

electri- resistance heaters, or heat pumps, follow the unit cost of

energy, found on the horizontal axis of the graphs, vertically to the. .

appropriaite Tine on the graph and read the cosi:n dollars along the

vertical axis. For example, if No.,2.fuel oil costs-fifty cents per

gallon, and the furnace efficiency is 60 percent, the energy cost is 4

$6A0/mBtu or 60 cents per therm R/therm. If the furnace is more

efficient, say 70 percent, the energycost is $5.10/mBtu or 51 atherm.

Similarly, if electricity cOsts'three cents per kilowatt-hour (it/kWh),

and resistance heating is use&,:the energy cost is $13'480/mBtu. If a

heat pump is,used, and the COP of the heat pump is 2, the energy'cost

is $4240/mBtur]...)

The cost of energy will increase in future years and/ari estimate

of the rate of increase is subject not only to inflation hates of goods

and services, but also to economic and political decisions of the federal.,

government and the governments,of other nations. One expects, therefore,

.

the rate of fuel cost increases to be different from "normal" inflation

rates.

Ic
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15-5

O
INFLATIQN RATES

The increases in:costs'per unit of energy, several yearA

future,in tehms of-cents per gallon, tents per Olowatt.-hour,.cents

; per hundred cubic feet of natural ,gas, or,dolljper therm, can be

estimated.on the basis of-annual percentage increases over current

costs. The Multiplying factors for current energy costs to determine-
.

.

future costs,is shown .on Figure 153.s.The horizontal axis is the years

beon he current year.. The vertical axis gives.the multiplying

I

over current costs.
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15-6
f'.44

For example, if the current cost of electricity is expected to-
.,

itncreas'e'at'a rate of 6 percent each year for the next 12 years, at the

end of 12 years the electricity cost will double. .If 3,cents iswr kilowatt-

hour is the current cost and heating cost is48.80 per -million Btulthe

end of lg years the electricity will cost 6 cents per kilowatt-hour and

$17.80 ;per million Btu.

SOLAR SYSTEM COSTS

There is much speculation about the installed cosies of complete

solar systems and theres little information available to substantiate,.

published information on costs. System sts based on research projects

and demonstration projects funded by th federal government are mis- .

lk
leading because the total costs of Sw0 ojects Include considerable

engTneering'design costs,: research staff costs, .in some instances instru-

ment
. ,

ment casts for monitoring the performance of experimental systems; and
. .

.

ofteg development costs of several alternative components in the systems

e.;

are included. The costs' reported in popular, magazines and newspaper

/ accounts are likewise misleading because often systems which are designed

and assembled by the owner on a do-it-yourself basis are-cited and costa

for the, owner's timercis seldom included in tee cost quotations.

On the basis of a few commercial solar.installationsmade,where no

governmental.juipsidy.has been involved, the installed costs of 'practical

soldr space aiiihot water heating systems of the types discussed in this course

.

range from 19 to-about 30.0ollars per square foot. The ldwer cost is

appropriate'for simple hydronic and air systems, ranging in size'from

500 to000 spyare feof collectors, where some economy of scale.is

realized over. and.where experienced installers and timely

-- .

423:
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scheduling are arranged with 4t building construction, The higher costs

are appropriate for smaller systems and difficult installations.

The costs for collectors currently (1976) range from 7 to about

"\15 dollars per. square_foot, FAB, the job site, with more efficient

b)llecto-rs'being generally more expensive. Storage will add one to

wo

;..

dollars per square foot of:collector to the system costs, and

.appurtenances, from 5 to-8 dollars per square foot., Including the

cost for experienced labor for installation, overhead, and profit of

6,to 8 dollars'per square foot, the installed system costs range from

1'9 td 3,3 dollars per square fOot-of collector, with an average,cost of

about 25 dollars per square foot.

4,4

, .

1MORTGAGE PAYMENTS

-471* largest,portion of thefanilual.cOst of a solar system is the .

.

. .

repayment of the loan obtained-tojntalL the,system. The tOan'may

be based on the.tOtai costS'br separately on the solar system
i ,. , -le- .
,

alone. In Other,event,,,e0Own,paynient Azieib-Thg from 10 to 20 percent
,

RO %.

is required to secure theloan. The amual:Mortgjoe payments can be
E .mE, ,

calculated from the mortgage ilterest rate, and term of Oe loan using

the curves of FigNe
, , .

To illuserate the use of figdre 15-4, suppose that a solar system

with'500 square feet of collectors costs $12,500,(determined by'500 ft2 X
,

$2-5/ft
2
): A 20::year an obtained to purchase and install the system

, 4
,t Y

with,intvre>t at 9 percent,1vvtrich requir.pi a 20 .percent dowAipaymerit,

The annual mortgag6 paymen en the loan is calculated- as:

Ms

y
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15-9

011,6( .

Mortgage .= (System cost - down payment )x (Annual repayment)

,Payment factor. )

. [froth Figure 1.5-4]
11 1

,

$1,100,-1 (12,509 - 2500) X (0.11)

0

PROPERTY TAX, INSURANCE.AND CREDIT ON INCOME TAXES

The annual cost of a solar system includes all the items contribut-

ing to the cash flow to operate a solar heating system. Thecosis

include the mortgage payment arid-luel costs, operating an'd maintenance
.

`-,..../costs,.property tax,' insurance on the solar system, and savings on
40 -

federal and state income taxes for interest paid on the loan. In some

states there are additional credits provided to state income taxes' for

owners of.solar 'systems. Some of these sp4cial tax credits are sub-

st.antial and impact;significantly on the annual tosts:of the solar

, 44,

system.

Property taxes are based an a fraction of the assessed value Of the

solar system. The method of assessment,. and the tax rate,.vary from

state to stA,te and sometimes from county'to county within the state.

The officeof the county treasurer can provide detailed information on

method of assessed valuation andthe tax rate.: Usually, the assessed

value is a market value of the propecty,and the tax rate is applied to a

.fraction of the assessed value. The property tax rate varies widely.,

from zero in some states to ten percent in others. he property tax

can be caltulated as:

'Property
ax

System cost) X (Fraction for taxable value) X (tax rate) .T,.

.426
II
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Insurance rates on houSes with a 'solar system, attpresent, are

1

the same as for -houses without Solarsystems. The basic insurande

rate depends upqn:the -type of house construction and location of the

building wjthin'or outside a city or town. The insurance `rate for a

comprehensive homeowners policy differs from that for a straight fire..

'insurance policy,and the insurance rates for earthquake and flood

.

damage (which are federally subgidized) are the only special insurances

available 4000pFs of bui dings. The information on various insurance

rates is.avai=le.from 1 cal insurance agents. However, very few

insurance Compaltiqs.h.ave'e tablished insurance rates for solNsystems.

Damage tO__the contents of a building"resulting from leaks in piping or

'storage tanks or damage to the solar system resul)ing from flooding by'

naedral'causes ds based on comprehensive or flood insurance rates.

Although there are'many factors to be considered, the annual premium on

insurance for houses with solar systems is less than one percent of the

talue of 'thq0.house and contents, and Panges from 0.3 to about 0.6 percent.

The "saetrigi." bri state and federal income taxes for interest paid

on the, mortgage can be substantial, depending upon the "tax bracket" of

the homeowner. The amount of'intere-st paid annually on-the mortgaii

/ .

1,01,decreases with the number of years remaining on the mortgage The por-

tion of annual mortgage which is paid as interest can be determined from

the graphs on Figure' 15-5: The'uSe of curves, in the figure is'illustrated

in the following example.

Let us assume that a loan of $10,000 has been secured at a term of

.A

20 years and 9,percen,t. interest. The annual mortgage payment was computed

1 .
. ,

in the pre.giousyection to be $1100. Of that mortgage payment, $900js

. .for payment of 'interest in tll.first year, which amounts to 82 percent of .

497
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1

the mortOge payment. As this is the first year of p yment, 20 years

;remain on the mortgage at the beginning__o_f the year. By -following the

,vertical 1 ine corresponding to 20 years in FiTure 15 -5_,, to the 9 percent

curve, i1 t is seer' that the 'fraction of mortgrge pay nt,' which is 1-
interest, during the first year is 0.82: In -Ole ele enth. year, with ten

years remaining. on the mortgage It--the beginning of the year, the

interest paid during the year is *(0.575) x ($11139, ¢r $632. The income

tax savings Oil a federal or state return would be:

( Income ( Interest {did Tax rate based
k tax credit ) k on loan k on ne income

federal income tax return provides credit for state income taxes

paid and many states give credit for' federal inco e taxes. Thus the full

credit for tax savings resulting from payment of nterest is not simply

the sum of state and federal tax savings. The ,net effective rate

Net
( Effective ) = Federal State

tax rate ) k tax rate
Rate

2
(Federal ) State
(tax rate ) k tax rate

If the income tax rate on a federal tax re urn is 25 percent and on

a state tax return is -10 percent, the net effe tive rate is (0.25+ o.ip,

2x 0.25x 0.10 0.30, or 30 percer, Thus n t annual income tax 'savings

real ized on the federal and state take's for t e fi.rst year, ill the pre-

vious examfle, are (0.30) x $9oo), or- $2j0 , in the eleventh year,

(0.30) x ($632), or $190.
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s. OPERATING COSTS,

The cost of operattig a solar heating system, including the cost'
i

for operating the auxil+ry uhit in the system, is the cost of electric

__energy required to opera rte the pumps,, central heat distribution fan,

!,;
valves, and.controlleriin a hydronic system, and the blowers, motorized

dampers', and controller in an air system. The amount of energ4sed to

collect, store, and distribute solar energy varies from system to system

in they range from 5 to 10 percent of. the total solar energy collected.

The lower values in therange'apply to low-head sys'temswith"small

pressure drops, and airsystems, with single blowers with,small pre5(ure

drops. The higher values in the range apply to high-head systems with

-large pressure drops, §mall sytems with large pumps, and air systems ,
. *

with two blowers.

, The operating cost for +a non - solar system is much less thA for a

solar system. Although the blower size for distributing air to the

ro7s is the same, the power requirement is less for a non-solar-system

beca se the pressure drop in the ,stem is lower. As an approximation,

the e ergy required to operate a:n6n-sal system is two percent bf the

total annual heating load.

MAINTENANCE COSTS

Tile..;dintenance costs for solar systems are unknowni,there is in-

sufficient long-term experience with, various systems to indicate an

appropriate annual maintenance cost. While there is one air system

that has been,operated continuously for 19 years, on which the maintenance

cost was zero, it can be expected that all solar systeths will*eqdire
.
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some amount of maintenance'duringthe life of the systems. For the purpose
,.

of economic analysis, the maintenance cost for* thef first year can be
-. .

estimated to be a nominal amount, say one hundred dollars, which will be

escalated annually\at a selected inflation rate.

\ -

\\ LIFE CYCLE COST ANALYSIS

A life cycle cost analysis provides a means of determining the net

savings realized with a solar system as compared to a non-solar system.

Annual cash flows are caluilated for the systems and the 'difference will

determine the savings possible with a solar system over the non-solar

system.

The Method of life cycle co t analysis` enables one to determine

not only if a given solar system ids economical:.but the Optimum economi-

cal.4ze of the solar system. Byre alyzing several (at least three)

)

.different collector areas for the sol r system, the size of the solar

syste which will yield the greateit sings over a comparable number

of years wiTpbe -the most economical. -T e methodology is outlined in

the forof worksheets.

WORKSHEET LCA-1, ')

Wor heet LCA-1 is used to calculate the installed cost ,of the solar

syste ,the mortgage Payment, tax rates and insurance, and the annual

operating and maintenance costs. The first year expenseof a non-solar

system is also determined.

4 '



L FE CYCLE COST ANALYSIS. 1)
BASIC DATA -2'

BUILDING DATA (see, workshee TA`-l4,

A. Building annual heat,lo (in mtllion Btu)
B. Service hot water load (i million Btu) ,

t: Total -'annual load

,SOLAR SYSTEM DATA,(see worksheet T 2)
D. Collector. area

E. Fraction of annual load carried b solar .

F. Unit cost of solar system installed

Installed cost of solar system (Dx F)
Type of auxiliary heaters:

:1 Space
H Service hot water

. I. Ef 'ciencies of'auxiliary heaters:
1.1 Space

. (% /100)
(.2 Service hat water _ (%/100)

J. Auxil ary energy costs (see Figures 15-1, 15-2)
J.1 Space. ($/m Btu)
J.2 Service hot water ($/m Btu) .

,Worksheet LCA-1 .

(m Btu).
(m Btu)

(m Btu)

(ft2)

(%/100),
($/ft2)

($)

FINANCIAL DATA
K. Terms of loan: Years_11-_,_ 'Interest rate (%/100)
L. Down payment on loan:(-- %/100x G --7 ( )
M. Amount of loan:. G - L

r.......

..(

N. Annual mortgage payment
Factor from Figure 15-4 , x M

TAXES AND INSURANCE
P. Property tax: G x P.1 x P.2"

P.1 Ratio of taxable value to
instal led cost (%/100)

P.2 -Property tax rate (%/100)
Q. Income tax rate:

1.1 Federal. tax rate- (%/100)
Q.2 _State tax rate 4 . (% /100). ,

.Q.3 Effective tax` rate[(Q.1 4-Q.2 - 2(Q.1)(Q.2)]
R. Insurance: [G 'x Insurancg rate ''(% /100)]

($/y ar)

($/yea

(%/100)
($/year)

1

OPERATION AND MAINTENANCE
S. Operating cost first year:

(S.1 xS.2xJ:1) Ili Btu x
. x $/m Btu s ($/year)

S.1 .Annual solar heal-it-IF:Fled (Eic C) 7---1' - .

x = (m Btu)
S.2 Fraction of solar fore TeaTicity (WOO)

- T. Maintenance cost first year ($/year)

NON SOLAR SYSTEM DATA
U Fuj- expenses T'fi rst year\

,

U. I Space (A x J.1 \
) a ($/year)

U.? Service hot watel : 01 x J.2 ($/year)
U.3 Total load (U..1 4.U.2) ($/year)

: V. Operalinq expenses in first yea (U.3 x 0,03) . ($/year)
-

W. !opt plue, operating expenses in first year' (U.3+ V). ($/year)
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'WORKSHEET LC \2 ,

-The annual%dash f1oWs for asolar I system fOr one collector area

are determined froIN worksheet LCA-2.

\
The collector are is an arbitrary value .and the tolar.fraction

of total load is,detern4ed by using worksheet
,
TA-2. The auxilla'ry

fuel inflation rate is estimated and, if desired, a different general

inflation rate can be specified.

Column [1] is the year into thecfuture for. which the analysis may',

be made, A reasonable economic analysis can be made for 15 to 20 years

into the future.

Column [2] is the annual mortgage payment tietermined from LCA-1,

N line N. If the mortgage payment is a fixed annual amount, the payment

for future years wouldte the same as the first year.

Column [3] is. the years remaining on the mortgage at the beginning

of the year. At the beginning of the first year of a 20-year mortgage,

there would be 20 years remaining.

Column [4] is the fraction of the mortgage payment whichis paid

asinterest. The fraction deCreases with'increasing years and nay be

determined from Figure 15-5 for the particular interest rate of the

mortgage:

Column.. [5] is the portion of the mortgage which is paid as:interest,

and is the product of c4mn [2] times column [4].

Column [6] is auxiliary fuel costs Because of expected fuel cost

increases, the first year fuel cost will increase f(Pksub'gequent years..

/-
The first year fuel cost is determined from worksheet LCA-1 as follows:

=ID

433
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Aslortgage interest: ra
B'. AuxiT'iary fuel infla

General infil"tion
[2]-:**

a=

LITE CYCLE COST ANALYSIS
. 'CAN 'FLOW

.-. .

MOO - , Collector area ft2
on rate /.100 Sol a nfraction of total load `. /1000.

to ' - 0/100,:, - (use worksheet TA:2)

[4] [5] [6] :PT [] , [9] [10]

Worksheet LCA-2

a

System Cost $

,Down Payment $

. I.

1

i ,

Annts4T j
I

PayMent

Years
Left on
Mortgage
.

Frac. of
Mortgage
4 a
Interest

Intjest Auxiliary
-.. F eluLk'eaVIMortgage}lard. Cost

.

property
Tax

Insurance

.

OperatingeMainterippce
Cost

.

. .

.

,Cost
,

-
.

Income
Tax

Savings
.,,

,

ExpenSe
with
Solar.

,.1-- 1. .

1 44 1
, . .

..
, ,

!.... 5 . .

. . .

. .
,

: V
. . ..,.

j, ..' .. . "0 ,
11-

1. 0 - .
. . - . .

a

1 11 o' . .. , . ,
r 12' , 7. ,

i 13 ..- . .4titijk

i 14 , , .
. ,

i 15 . - . . ,. f.
1-1

.17
,,

.
.

- '. a _ '' -A

'19 .
- . - - qi

r 20 . .
, .

.

-- ,[21 Annual mortg4g payment from LCA-1 , line N
[4] See Figure 15-5, " ..

`[5] Cpl umn [2]. x 'Column '1,4] ., '
-.''[.6-1- First `yeaCCOst* from worksheet LCA-3:

. (C) x cl --E)--X-(J.1) .. .

Second: and future,-years: i .

:.,-- ''(preVious year cost) x (1.,+, fuel inflition rate)
[,7"1 See 1 ine P,. workst!eet LM-1'

;- , -., 9 .

[8] Seed tne R, workshel3t LCA-1
.[9] First year cost see, line S, worksheet LCA-1

Second and future +year s
(previous year cost) x (1 ietie'l ion rate]

[O] First year cost see 1 ine,T, worksh LCA-I
Second and future years:

cprev'ious,year costYk (1 + general inflation rate-)

[11].Col.umr-r.C51a-34 works.he:,,. 'A-1 1-12.
Skimpaype,rit .4:,,1[2]+[6 [9]+

-05

e---

IP



b

First year
-auxiliary
fuel 4osX

a

Building
Annual'

Total Load
'C- °

Al)
f

7 =l)..
. eT_Ii second yeAr 'quel cost,is4determined by mpltiplying the first

%
year

, , .

'Cost by j1 + fuel inflatidn rate).' For example, if the first year fuel "
\.,

. ,.
cdst i-s $400 and the fuel inflation rate is 7 percent,the second year

,.... .
. Fraction of
Annual Load

x Carried by
Auxi 1 iary 1-E_

x
Energy
Cost
J1

costa is (400 x 1:07.= ) $428i .The fuel cost for each succeeding year is

determined by multi-Plying the previous year by (1 + fuel inflation rate).

The inflation rate may Ibe chanq o Any. yea

Column. [7] is tkevannual- prtyPtax determined on line. P on

Worksheet LCA-1.
'v*T /

Column [8] is the annual insurance premium determined on line R
4

on Worksheet LCA-1-.
4.-

..- operating cost fore first year is determined on line S of Worksheet-

Column [9] is the annual operating.cost of the-solar system. The
-\

-

_.' LCA-1 . The cost for each, succee -mg year i s.determined by multiplying
. r

r e I

, the previous yen-scost bytil +eleCtric inflation rate). The cost for
, ..

eledtricity is expecteeto increase at the fuel inflation rate.
.

,..Column [1Q1 is' the annuaq maintenance cost. The first year cost is

-esti ,nated.on line T of WOrksheet LCA-1. The annAlaskicrease in main-

tenance cost can be estimateddrbitrarilyitor the cost can be estimated

by multiplying the first year post_by general infla-fion rate).

Column [11] is the income tax saqings calculated by"the product

th,e,effective tax ratedon lthe Q.3 of torks'heet LCA-1, and the annual

,interest paid in columnj5]. ."

Cdlumn [12] is the annual expense of a solar system and is'llet'enuined .

by column [2.] + cbl u'Mn [6] + column [7] umn [8] + col umn [91 + col umn _,[10]

- col umn [11] = column- [12]. V

)-1
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7

Workshe'e4 4CA-3 is used-to calculate the solar savings for solar
-

systfims with .tihree di fferent col 1 ector areas.
,

Column bj is the year into the future for- which the analysis may

be ma de and should correspond with workshw et LCA-2.,
.

Columhq2j is the total fuel and operating cost for the.non-solar'
t 'dr

system.- The. first year cost is the .amount on line W of worksheet
f

LCA- The 'costs in succeeding_year'S re determined by multiplying

'co's't fcfr -t[tespreviollt year by,,(1 fu8'1 -inflation rate).

Colunin is.'fhe expense with- a soelar system and is obtained froin

columni[laf worksheet LCA-2 for a gi1ven collector area:

'Column [4] i s the savings expectid with a solar system and is the

amount in colum[2] minus the amount in column {3].

Column 15] is,,,the cumulative saving with a solar system and is

the running sum. of column [4]..'-

Columns .[6]-ar4 [9] are. the'expenses with a solar -system for different
0

size -col legors obiaihed. from worksheet LCA-2. ,

Columns [7] and [10] are the savings expected with differeht collector
111sizes, determined, from (the cost of the nOn-Solasystem) - (cost with

ra solar .ysterfi) . , .

, . .

Colurims`[B] and f11] are the cumulative savings expetted with the

colVtor sizerk.specified. The collector area yielding the greatest.,

savings is the size t is more economical to install.

a:

se.

4
a
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[13:

,

Fuel infl ati on rate V.;:/100)

[2]

LIFE- CYCLE COST
ECONOMIC

[3] [4] . [5]

ISIS
ti

,WOrkOeetLCA-3

[61 [71. \ [8] [9] . [10] - [11 ]

19,

Yekr

?ON -SOLAR SYSTEM

1 ,
.

. ,

Fuel Plus

Operating Expense

.
.

_

.

SOLAII SYSTEM - .

4

Col lector area ft2 Col 1 ector area '
.\

Cog] 1 ector
c \

Area . ft2
. .

Expense
with Sol a r

from LCA-2

. Savings
Wi th Solar

[2] .- [3]

Cumol.
Savings

with Solar

Expense
With Sol dr

from LCA-2

Savings
wi th Sol ar

[2] - [3]

Cumul
Saving

with So1a

Expense %

with Sal ai'.Nrith

frarp LCA-2

Savings
Sol ar

t,21 -, [3]
\ .

cumul .

Savings

with Sol ar

- -, . , .

. -,, ,
, .

3 .
. .

4 , -
.y

-
.

. .,

8

....... ,

. .

12

14 . .. \-.

15

16' .

17
.

, . .

w
-__

. .

Ar

_

,

23

[2] First year cost, _see 1 i ne W of works ieet. LCA-1

Second and fu turd/year :

'previous year 'cost) x (1 4- fuel inflation. l'.ate)

2N3 141
r 31 1 , worksheet _CAI 2 .

i[2
- column -[3]

[6] Col umn [12], worksheet LCA-2
[7] Col umn [2] - column [6]

' [9] Col umn [12], worksheet LCA -2

[10] Column [2] - column [9] 4439
1

r
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value of the system, insurance percent *of installed cost-tind the

'owner's income tax bracket' is 30 percent for federal 'and 10 per ent

forthe state income tax return. The electricity to operate 4e
wd o w

solar sys,tem is 5 percbni of the total solar energy.delive"redias- useful

heat,and maintenance Cost is.$100 for the first Year.

Electricity cost is estimatedto escalate at 7 percent ger year

-and 'general inflation rate will probably remain at 6 percent for.the

. forseeabk future. Determine the annual cash flow for the finer of

the solar system for the next 20 years,.

15-21 k_ E.

.EXAMPLE

If

A building in Podunk, U.S.A., has an annual pate heating load

100.m Btu and/Water heating load of 5 m Btu. A solar system

for the building,haviig LIDO ft2 of collector is calculated

to provide 50 percent of the anhual'heating load. Electricity at */kWh

: 1

as available and,electric'auxiliary.heating is the only basis on wjich

y I

i. A

.

.1

The erns of the loan'are 20years at 9 percent with 20 perci(t

downpayment. 'property tax amounts to -2--percent on one:half the /arket
,

a lop can be secured.

I

f

te,
A

.1)
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LIFE CYCLE UST ANALYSIS
BAS 'DATA

BUILIQING DATA (see_ workshekt TA-1)
A. Building annual heat load (in million Btu)
B. Service .hot water load (in million .tit)
C. Total annual load

SOLAR SYSTEM DATA (see worksheet 1A-2)-
D. Col,lector area r
E. Ptaction of annual load carried by solar
F. Unit cost of olar system installed
G.

k
Installed cost f solar system (D x F) 4 x X

H. Type- of _aux i 1 iary heaters: .

H.1' Space tf..terit.lt/ .,. H.2 Service hot water ?1_,Geritta
1. Efficiencies of auxiliary heaters: . -.

I.1 Space- /00 (%/100')
1.2 Service hot water (WOO)

&L- Auxiliary energyrcosts see Figures 15-1., 15c2)
-J.1 Space 1: 0 ($/m Btu)
J.2 Service hot water 0 (5/0:Btu)

FIAANC IAL DATA
K. -Terms of loan: Years 6,t) Interest rate
L. Down %/NO x G POO
M. Amount of lo G - L
N. Annual mortgag payment

Factor from Figure 15-4 0.//
TAXES AND INSURANQE.
'iP. Property tax: GOOD x P.1 0.-S x P.2 0.0e7 .

1 P,.1 Ratio "of taxlTJ value to _. ,

1

, installed "cost 0,g. (%/100)
P.2 Property. tax rate O. Org ,(%/100)

'Q. 4Income tax. rateN
Q.1 Federal tax rate a. 3(.),
Q.2 State tax rate O. /0 (%/1'00)
Q.3 Effective tax rate[(Q7.2 -,.2(Q.1)(Q-.2)]

. R. Insurance: [G woo Insurance ralT-.00,5" ( .3/100)"

OPERATION _AND MAINTENANCE .4

Worksheet LCA -1

(%/l00)

. t
S. Operating first year:

(S.1 x S.2 xJ.1) 0.5- M Btu x .00 . .

x_y.S_O_ $/m Bt.1.7-7, t,- , el c- ($/year)
S.1 - Annual so.lar heat supplied (E x C) . ..

0.50 x _115: = .57 5" (m Btu)
S.2 Fraction of solar for electricity ao5: (%/1-00)

--E. -Maintenance cost first year AV ($ /Year)

.

NON
..3

som SYSTEM DATA
U. Fuel expenses in first yefir:

U.1 Space (A /00 x J.1 g 0 ) 00 ($/year).
. U.1 Service hot water: (13,

U.3 Total load (U.1 + U,2
x J.2* r.8?) )

/12/2?_($ ear)
/..30.7 ( $,\yzea r)

V. Operating expenses in first year (U.3 x 0'.03) ($ /year)

W. Fuel plus operating expenses_ in first 'year (U.3+ V /0 .0? ($/year)

441 .

.

(m Btu)
IS (tn Btu)

//5 (m Btu)

4100 (ft2)
_0.50 (WOO)

.0119 ($/ft2)
Ra57($).

*A:

I p,

($)

701 ($/year)

WO ($/year.)

0362(/100)
TA119 ($ /year)



A. Mortg'al'e interest. r-te .05 S/100

5. Auxiliary a ionirat .07.717100

C: General inflation rte '.0e0 %/100t
[3],[1 [2]

.11

--LIFE CYCLE COST ANALYSIS

CASH FLOW

Worksheet LCA-2
0

- Coll ector area 4/00 ft.2 System Cost S SACO
Solar fraction of-total load .S %/100 Down Payment S (AV
(use worksheet TA-2)

[6] [7] [8] [9] [10] [11] [121
i*, Annual Years 1Frac. of

Year Mortgage Left on Mortgage
I

4 Pay-,ent ,Mortga7' as' ! interest

Interest
Paid

Auxiliary
Fuel

Cost

Property
Tax

Insurance

.

Operating
Cost

Maintenance
Cost

.

Income

Tax

Savings

Expense
with
Solar

1 . V 577 5140 0 -4/0 - 01,2 100 ,101 41778
/.2.212 70 19 6.g0.5- 5(07 4/71 4 .2f 4/0(.0 '.4(.14

3 -70- ig 12., 5s sod 0 ya as 1 /.7 /q.9 4V4
4 ?0' / 1 0. 760.5 535 S-g-9- ,/0 a it? / -1 /3/5'
5- 70i( ' /(6' 0 7`/-S- 5-Z5 -6-77 40 1A6, 1 /347
6 104 1.S' D.7.25

/ .700
5-07 -tc 6717
153 660
4,707 707

40

'0
40

! 33
3-5.
34

3
/4.2 -

1.55

/77
/ 0
/ ,,2

'/,/..73
/4%2

Wo
, /(015-

78X04 1 D.(970
9 . 704 / 6 L04/0 4:57 7.slo
10 , 704 /1 . 6/0 qa 9_, iel 510 40 /6 /0 /4988
1 , , 204 /0. 0.5-75 'OS" X 4C. :4./ 3 17 /4 /7047
12 , 7 1 1 4.50 -1--- ...-----q4 % 190- /37 ligi
13- 0 _g___ ..s-, ,2 991 9D so ,Po/ A027

//
./935
.20347
.a1q0
us-0

14 70Y , 7 i 0.4s 317 /06,0 . iP0 53 4/3
15 7/),/- 6 I 0,q00 // 3.5 ° 10 % 51 4219 /al
1 6 704 i S: i' Q. 5SO .2`1( 4211 , go 40 (*1 Oqb s e
17 701,1 1 .4 1 0.0290 0701 /0298 0' 40 6.5 025'11 73 .8(p8

a5i9q18 704 3 c o.-1,30 /07 /310 0 40 _ . 0 441 .5-si

e? _.2./(p at 1/3 ilg7 .41 enton
417 a'20 10# / _(/ OW as0 /573 fr) 40 a 3 AA

[2]
[4]
[5]

,[6]

[71

-142

Annual mortgage payment frdm-LCA-1, line N
See Figure 15-5

Column [2] x column [4]
First year cost from worksheet LCA:1:

(C) x (1 - E) X-(.3.1)
Second and fu years:
Sfir3t year '165't) x (1 + fuel

See line .P, worksheet LCA-1

infl aticn rate)

[8] See line R, worksheet .LCA-1

[9] First year cost. see line S, workheet 17CA.-1
Second and future years:
(previous year cosh) -x (1 + fuel inflation -rate)

'[1O] Fist year cost see' line. T, worksheet 1CA-1
. Second and future years:

(previous year cost) x (1 + general inflation rate) :

[11] Column [5] z (Q.3, wohsheet ICA-1)

[12] Downpayment + [2]+[6]+[7 j+[8]+[9]+[10]-[11] 443



*a.

*or

15-24

BLANK 'WORKSHEET FORMS

1

X44

s_

0 .1



LIFE, CYC T ANALYSIS
TA '

Worksheet LCA -1

4."

BUILDING DATA (see worksheet TA-1)

A. Building annual heat load (i million Btu) (m Btu-)
B. Service hot water load'(in million Btu) (m Btu)
'C. Total annual load .- -, (m Btu)

,..-
SOLAR SYSTEM DATA (see worksheet',TA -2) : .

,
D. Collector area. 1

.
(ft2)

E. Fractibn of annual load carried by solar (WOO)
F. Unit cost of solar system installed ($/ft2)
G. Install.ad cost of solar-system (Dx F) x ($)
H.' Type of ' uxiliary heaters:

Hi Spate ..
.

H.2 Se ce hot water
1. Efficienvies of auxiliary heaters:

1.1 Space
. '( %/100)

1.2 Service hot water (%/100)
J. Auxiliary energy costs (see Figures 15-1, 15-2)

`J.1 Space ($/m Btu)
J.2 Service hot water ($/m Btu)

FINANCIAL DATA
K. Terms of loan: Years Interest 'rate (WOO)
1.Down payment* loan: ( %/100x G ($).. ..

M. Amount of loan:. G-L ($) ,
N. Annual,mortgage payment

Factor frqm Figure 15-4 , x M , ($ /year)

TAXES AND INSURANCE
P. Property tax:. G "x P.1 x.P:2 ($/year)

P.1: Ratio of taxable value to
installed cost . (%/100)

P.2 Property tax rate (%/1430)

Q. Income tax rate:
Q.1 Federal tax rate

((%%//1100Q0))

..

Q.2 State tax ra te
Q.3 Effective tax rOe[(Q.1 + Q.2 -2,(Q.1)(Q.2)1 L(%/100)

R. 4-psurance: [G x Insurance. rate ( /100)],-
'-.' ($/year)

OPERATION AND MAINTENANCE
S. Operating cost first,year:

(S.1 x S.2 xJ.1) m Btu x

$/m 'THU '($/year)
Si Annual.solar heat supplied (E x C)

x (in Btu)

S.2 Fraction of 'soriEfor ereCtrid ty (%/100)
T. Maintenance cost first year.

NON SOLAR SYSTEM DATA

U._ Fuel expenses in fii-st. year: .
i

U.1 Space (A .x J.1 )

U.2 Service hot water: (U .x J.'2

0.3 Total load (U.1 +11.2)

V. Operating expenses' in first year (l1.3 x 0.03)

W. Fuel plus operating expenses in first year

641-
($/year)

($/year)

) LI:=-(/Yeat1
--($4.Ye($/Year;
($/year)

(U.3+ VK ($/year)

;.'

445



.___.. LIFE CYCLE COST ANALYSIS .' 'I.. BASIC DATA

LDING DATA (see worksheet TA-I) .

Building annual heat load (in million Btu).
Bs Service hot water lo'ad (in million Btu)
C.-Total annual load

,

SOLAR' SYSTEM DATA (see worksheet TA-2)
D. Collector area
E. Fraction'of annual load carried by solar
F. Unit cost sf solar system installed
G.. Installed cyst of 'solar system (D x F) x

H. Type of auxiliary heaters: .

H.1 Spaces

H.2 Service hot water
I. Efficien 'cies of auxiliary'heaters:

1.1 Space (%/100)
'1..2 Service hot water (WOO)

J. Auxiliary energy costs (see Figures 15-1, 1 544_
J.1 Space ($/m Btu)

It J.2 Service hot water ($/m Btu).d

FINANCIAL DATA . .

K.' Terms of' loan: Years. Interest rate '(%/100) -

-L. Down payment on loan: ( %/100 x G' ,_--1 ($)
M. Amount of, loan: G- L ($)
N. Annual mortgage, payment .

. Factor from Figur 'x M 4). ($/year)

TAXES AND INSURANCE'
-P. Property tax': G x P.1 x P.2 , ($/year)

P.1 Ratio of ta)able value to ...

installed.cbst ' .-. (%/100)
9.2 Property tax rate (%/100)

Q. Income tax rate: ,

'Q.1 Federal tax rate (%/100)

Q.2 State.tax rate (MOO) '
Q.3 Effective tax rdtel,Q.1 + Q.2 - 2(Q.1)(Q.2)] r./1.00)

R. Insu.rance: [G 'x:Insurance'rate ,,;(%/100)] ($/year)
..

OPFRAT-1,0N AND MAINTENANCE ^-.

h: Operating-cost first year: 1

(S.1 xS.2 xJ.1) in Btu x_
y..

__
$/n) 41+,u.----- ($/year)

____

S.1 Annual solar beat ----4)Pied (E x C)

WOrksheet LCA-1

(m Btu)

(m Btu)

(m Btu)

(ft2)

($:ft2) )
( $

,

x .(mTtu)
I. S.2 Fraction of solar fort electricity g//100)
J. Maintenance cost first, year ($/year)-

: , *,
NOti SOLAR SYSTEM DATA:: z

.

-goi?`"

U.- Fuel expenses in- firs t vedr:-

0.1 'Space (A- x J.
II.? Service hot water: (B x J.2

.11.3 Total load . (0:1

V. Operating, expenses in first yele1(1.30,03)
W. Fuel plus oper:ating expenses in first year (U.3 +..V)

x

(.,$/year),
(_$/yoor)
C$/yoar)

($/ypar)

($/year)

7(

k>,



1111447

A. Mort§age. ioterest rate %71t
Auxiliary fuel inflationrate %/100'

C. General iriflation' rate * . %/100'

4'1 [2]' [3]*- '[4] - [5]

a

LIFE CYCLE COST ANALYSIS.
CASH FLOW.

.
n

"IP ,

C011ectroilarea .

Solar f ctio-n of total 'load
ft2 S em Cost $

%/IOC, Do m Payment $.

Zine worksheet TA -)

[7] A,", [8] E93

S

s'fieet
_ 7

S

Talk,

[6] [10] [12]

I- Annual
yearIMortgage

' Payment
I -

.

Years
Left on

Mortgage

Frac. of
Mortgage

asMtWiest

, ...interest
. ,vaia

.

Auxillery
Fuel
Cost

Property
Tax

.

Insurance
& ,_

Ope sting
-ost

. '''

..

Maintendnse
C.

Inorote
Tax

Saving

Expense
-.with

Sal a.r

1 '1 , ,
_ . .

4 I'
. St

.

..2 -I . I

Iliii
3 I

. ip . _,

--.1%
. qo ,... . 2.7,

.:-

5 t .
. -

, ,,
,

6
I .

.

,.

40

----,..

7 .
. ., ., k 0

- ., ,--
. .

* i0
, 9. I .

. .

,N1 C r 1 k

. f A
4

' . - .

13 ,I

12.1
.., , ,.,. I-, -

,. , .

13 1

.-, (. .
0

. . .. A
14

. . .,
-

. Ir

15 .
,

-Iler.
. , \ . \_;__..--) -

17 t.

-..
.,.

.
.. 0

,
.

. .

18 1 ".
.- ..0 r ,

.. .

19 I , ..
-,....-._

I,
1

. -
,

20 I

_.

.

. . / -

[2] innuel mortgale p yment from LCA--1,1 1 ine 11

[4] See. Figure\j..5 5 . '''
. [5J Column ,[2].__x column [49 ':

'4. i [6],test year 'cost from Worksheet. LCA-1: ,4

.3 44 (C) x (1- E) X (J:1) .. .. - ...

s Second and future years: . , .; ,,,,. - c

(first year coq) x (1 4:_fel iinf)ation- rate)
-, [7] see 114ine P, wbrksheet LCA-1

. .1% a..447
( S

8] See line R, worksheet LCA-1
(910rX year:, ctst sea. line S, worksheet L) -1

1Wb,cond and Future ye,a.r s : .

(previous year cost) 01 + ftiel 'infl ation% rate)
[10] First 'year cost see-1 ine T. Worksheet LCA-1

[ 1 1

Second aid future years: =
.s.

( previous year. cost.) x + general inflation rate)
Column [5], x (Q.3, worksheet LCA-1) 6

Dirgympayment [2]+[6] +[7]+[8]+[1]+[10]-[11]

r

4

448
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se.



SS

A

.

G. I

A. Mortgage interest rate %/100
B. Auxiliary fuel in'.lation rate ;7100

C.. General, inflation rate '4100

,

X4_49.

] [2] pl [4]

-LIFE CYCLE COST ANALYSIS ,

CASH FLOW

Collector area 4.. ft2

Solar fraction-ototal load %/100
- ,(use worksheet TA-.2)

(

[5] [6] [7] [8] : [9],

Wo'rksheet tCA -2'

System Cost- S
,Down Payment Ste

'110] [11] [1.2]
r 1

I

ear i

r

nnual ; Years ;Frac. on
I

Mort
I Interest

or gage .. on ,gage
Paid

Payment i
Mortgage In-tesres ti

Auxil iary
-Fuel

Cost

Property
Tax

Insurance.
OperatifIg

Cost .
Maintenance

Cost :

Income-lax
Savings

Expense
with

Solar

1 . . 1
1

. ..

2 , 1 4 .
----

3_ I
,

.s %v.
..

..

4
,.4 *k i 1

1%5 I -I ._ I

.

6 1 ,
.

.
E

.
1

-
,

.

8 I .

,
e - 4', .

9 1

. , . -

10 j . 1

_
.

11 I ,
..

.
,n - . .

1-2 - 7.. ,
.....

13 c-, _

14 .1, . , . .. .
_ - .

.15 l _
.

_ -

16 r I

. . , - . ,,

t.
I

,

- '' .
18

,

-.
,

.

19 4..

20 1 .
,

,

... -

Annual mortgage payment from LCA-1., 1.fne'N
[4] 40e igur41`5-5
[57Column [2] x'column [4]
[6] First year cost from worksheet LCA-1 :-

.(C) x (1 E) X(3.1)
Scond and future years:
(first year ,cost)'x (1 + fuel

; I 7] See lineP, worksheet L.CA-1
- A

4.- 4.
. t "

inflation rate)

1°.

[8] See line R, -worksheet LCA-1

[9] ,First year cost *see 1 ine S, worksheet LCA-1

Second and future .years-:
(previo1i5 year cost) x (1 + fuel infl ation rate)

[10] First yeaf cost see' line T, worksheet LCA-1 .

Seco.nd and .future years: r -

(previous year cost) x (1 + general inflation rate)

[11] Column [5] x (Q.3, worksheet LCAll )

[12] Downpayment + [2]+[6]+17]+[8]+[9]+[10]-[1-1] 45-0



.,

,st

,

"A., Fuel inflation rate (%/100)
. ,

Ell [2], [3-1 ; [4]'

Q
,.

,

-

LIFE CYCLE COST AN LYSIS ,
ECON SO

- Worksheet LCA-3

[5] [6] [7] [8] . [9] [1G] [11]

Year.

..

,

NON=SOLAR SYSTEM
.

Fuel plus.'
Qp rating Expense,

. ,
_

.

.

SOLAR SYSTEM

.

: . ,
i.

"Col lector-area : .ftz Coil ector Irea ftz Collector Area ftz
a

Expense
with Solar

from LCA-2

Savings
wi th Solar

[21 = [3]

Cumul .

Savings

wi th Solar

Expense
wi th-Sol a

flrom LCA-2

Savings ,1

with Sol a[] - [3]

Gumul ,
Savings

with Sol ar

Expense
with Sol Sr

from LCA-2.

Savings
wafth Solar,

[2] - [3]

Cumul .

Savings

wi th'Solar,

1 , ,
. .

, . .
.

? _,e
. . . .

.
3 . . .- .

--
, - . :,

.4 4c.
' --.

.
.

._

5
.

41\ ' ) .
1

. t . . .

, 6 !,
-. .

, . , , ,,- . . -

°I . - ., .
a

I' ,
. .

8 f
, ,..... .- -- .

.

'9 _ , . .
.

'' 10 - %

. . ,e
8 '

.

_. ... . .
12 , a

,
.

13 N
.

,

-.,
, .

. .

4

s'

. N '
a

.

.
, .

1

,

15
. .--- , . . .

,.
17

, _ , , . - , . _
. . .'

1 18 ,
.

. . . . , .

,.

- -

' t21 First Ve
Second and future year:
(previa:us :year cost), x (1 -1- "'fuel ~inflation rate.)

iv- Column .[12], wol'.ksheet, tCpt-2
, [41 column cs] - column [3]

,

451 !
41 .

0

it) "

-[6].Col Limn [121, ,works.heet \LCA-2,

[7] Column [2] r column [6]

'[9] umn [12], - worksheet LEA -2

'41[10] Column [21- column [9] (

-452



1

. 4

i

\
t

'_ LIFE' CYCE COST

.
. . ....-. - ECON ..1IC "SUM

A. Fuel inflation rate (%/1,00) 4.'1: 4
...'

, 4e- $.

',,[2] [3] [4] [5]
1

[6]

NALYSIS
RY

[i]

,

[8]

4111,a ksheet CX-3

.

Yeaf'

NON-SOLAR -S STEM
r," /
'''1,/ 'i

Fuel Plus
Or4Katino_Expense

-7-

SQLAR SYSTEM i
f ,

4 $

Collector-area ftz Ccil 'qctor
. . area ftz . T Collector Area

.ffl.
ft .

Expense
with Solar

from LCe-2'[2]

Savings
with Solar

- [3]

'Cumul. _

Savings
with Solar

Expense
vri th'SOlar4,wi

from LCA -2

Sayitigs

th Solar

[2] -- [3]

Cumul.
Savings

with Sol ar;:from

',,r 1

/Expense
with Solar

LCA-2

Savings-
with Solar
[a] - [3]

Cum 1.

Say ngs

with olar
J' . .

a- / 4

/-.2 . . d

3 ,------.. .

4 .
-A,

ll4,5' .. .
.

.

A
.

.
'6 -1, . . ____(7

'! j ht I t
r,

- - .

11,

, .
.

,

13. .

15 .. gli
.., . .

.
164 - ..

,,-
-'-' ..t

,

17' , .--, .
1$ . , .

I, 19
. . ,

20-
1

1

, ..

[2,1 First year cost, see line .4,1 of worksheet LCA-1

Second,,an,d future year:,,

(prev,idus year costs), x -(f + .fuel inflation rate)

[P,Oolumn worksliTet LCA-2
[41 ColuMn:Lp column [3]

.453 .fri I
4

[6]Columrt [12], workstek LCA
. [7] Column [2] -.column. [6] ift

. [9] Column [121, worksheet LC

,[10rColum6 [2],-- -'column E-91

451



Building Owner:

Address:

Contractgr:

-Type of Solar System (air or liquid)

A. Location': Nearest city Latitude (y,)

Mean daily solar radiation,idry January (s) ',(Biu/ftLday)

C. January so Os radiation on a horizontal surface (S)

/ (Bx31).=. (Btu/ft2month)

SOLAR SYSTEM DATA

(

4

Workshbet TA-2

4".

D. January h 11clirg heat load (Btu /month)

L. January olarradiation : January-building load

L) = 11/ft2)

F. Collect +r tilt oro,z

. G. /Collect +r Orientation degrees, \ from south it

, .

Neat L changer Temperature Difference (Liquid systems only) --
f

---
o
V

I. Fract on of annual-heating load:4

[2] [3] [4] [5]
'

1-,.1

%, t-er

-1(0 Col lector
:ft2,1dt

i it ! L. !Li tine

A

Area, Corrected
4..,or

,Ti.'
Area Corrected

for

Orientation
A.

,
Area Corrected

for

Heat Exchanger
A -

.

SA'

L.
f

.

r

////1

f
. .

.
' .

.

.

,

.
6

urbilraily or determined from f

Correctlon to ilatidn 171'for Lilt not equal to latitude + 15° (Fig. 14-2)

Correction to coluhn [3] for orientation (Fig. 14-3).

CorrecCion to Lolomn MI for -.),!,.tems only)
"%,

Froffl Figure 14-1

%);lected arbitr-arily or delerminedNfroln Figure 14 -1

7
',

455
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Worksheet TA-2

SOLAR SYSTEM DATA

Building Owner:

Address:

Contractor:

..

Type of,Solar System (air or liquid)

A. Location: Nearest city Latitude (Z)

B. Mean daily solar ration in January (s) (Btu/W.(4y)

C4 . January soar radiation op a horizontal surface (S)

,--\ `40
. (B x, 31 ) = (Btu/ft2molith)

D. Jangary building heat load (L) (Btu /month)

E. January solar,?Padiation :- January building load

F. Collector tilt

G. Collector Orientation

(S =L) = (1/ft2)

: z , or z -

degrees, from south,

.

H. Heat Exchanger Temperature Difference (Liquid systems only)
o

I. --Fraction of annual.heating,load-:

[3] [ 4 ] [5] [6] [7]

Trial

Number
Trial Collector

Area at
Tilt- Latitude

A

Area Corrected
for

Tilt
"A

Area Corrected
for

Orientation
A

Area Corrected
for

Heat Exchanger
A

SA
f

,_L

?

. .

.

..
...,

.

,

[2].eLect(Al dibitiarily or determined from,f

[3] Correction to column q21 for tilt not equal to latitude + (lig.
.

[1j Correction to co umn [3] fai- orientation (Fig. 14-3)

P.) ]. Corredloh to (0 umn [4] for heat exchanger (liquid systems only)

[6] from Figure 14-1

[I] Selected arbitrarily or determined fro:' Figure 14-1 IF

.456
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'WORKSHEET TA-3

411kp I:.

SOLAR SYSTEM SIZE /

/

1

A. Type of System
. ,

B. Economical Collector Area ft2

C15 Collector Tilt i delree!

D. Collector Fluid Flow Rate:, 4 ..-

, 6 %

1. Air System (1.5 to 2 cfm/ft2,collector), . cfm

2. Liquid System (0.02 ,,gpm/ft2 collector) gpm

E. Pumps: Liquid System

1. Collector loop flow rate (D.2) gpm

'Head ft

2. Storage loop, flow rate (1.5 x E.1 ) gpm

( . Head,: ft

3. Service water preheater . 3 gpm

Head 2 -3, ft

4. Heat distribution coil (depends gpm

-, .
upon heat delivery rate) Head ft

F. ystem

Col lector oop
Head 1-1.5 in m.g.

2. Distribution blower (provided cfm

With furnace) Head in w.g.

3. One blower system (D.1) cfm ;

Head 1-1.5 ' in w.9.

G. Storage:

1: - Liquid system Bx 2.0 gallops /ft2 t

collector

2. Air system B x 1/2 ft3/ft2 collector

(a) Pebble size (1-in. screened
concrete aggregate). ,

(b) Cross-section area (0.1 : '20)

(c) ,Rock depth (G.2 : G.2.b)

11. Heat Exchangers:

Consult heat exchanger manufacturer

457

gal

ft
3

ft
2

ft



.rs

4.1

SOLAR SYSTEM SIZE

A. .Type of System

B. Economical Collector Area

WORKSHEET TATS

0

ft

C. Collector Tilt : degrees'

D. Collector Fluid FlOW Rate:
;

1. Air System (1.5 to 2 cfm/ft2 collectori -ef.
.

2. Liquid Sistem '(0.02 gpm/ft2 \ col lfctOr)

E. Pumps: .Liquid System
\

t

gpm

1. Collector loop flow rate (D.) gpFli

Head ft

2. Storage loop flow rate. (1.5 x E.1). gpm
Head ft

,

3. Service water preheater . 3 gpm
He'ad ' 2-3 ft

4: He'at distribution. coil (depends gpm
upon heat delivery rate) , Head ft
,..._

F Blowers: Air System
. _

1. Collector loop (D.1)- 0

?,,,,

cfm
Head 1-1 .5 in4w.g.

2. Distribution blower .(provided . cfm
with furnace) ,

, Head in w...g.

7-3. One blower,system (D.1) . , cfm

, Head 1-1 .)5 in g . q7.\
.

\
:'

1

G. Storage:
. ..

1. Liquid system B x 2.0, gal lonS/ft2
\\

.

...gal _

col 1 ector

Z. Air system B x 1/2 ft3/ft2 collector

.
(a) Pebble size, (1-in. keened 4-. .

concrete aggregate) I ,

(b) Cross-section area (DA : 20) 'ft
2.

(c) Rock depth 0.2 : G.2.b) 4p -ft .

. ...

H Heat Exchangers:
. 4.

/

Consult heat

\.

exehanger manufacturer (..;.
.1r

k

. ft
3

o

I

458
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WORKSHEET TA-2 . .

WORKSHEET LGA-1 (Collector Area

2434 WORKSHEET LCA72 (Col lector Area
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..
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2
) .
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16-1

.INTRODUCTION

c

.. ---
' To calculate the-size of .a sola system for 'a residential building

,

Ave need to know the monthly average daily solar energy available- for the
.

,location4f the house, the heating load, and collector siA ir
. The balance ;

..

af'the system an be stzgd fi-orn the collector area and the economic details
0 4AL ' : e. .r. %V

far the system may be calCulated/rdesire4.
.

,

Worksheets, are,,provIdeCto make`the necessary calculations. The
, -, '1

r

worksheets are: °,
- .

TA-1 Building'fRating Load Calculations (2/sheets)

s1' Sol ar-Systein, D'ata,

`LCA-1A0 Life..Cycle Cost /analysis, Basic Data
Ns. 0

eA- 2 Life Cycle, Cost. Dialysis, Cash FloW°

. LCA-3 Life Cycle Cost Analysis, Econpmic Suninary
4
S.olarSystem Size

`..,.
The viorkiheets_ire explarned

TA-1 Module 13

TA=1- ModOe 1.4'

LCA-1 to
.,,

LCA:3 .
,Module 15

4;..) ,
All the worksheets are reprinted in this module.

,

I:.

in-detail in 'tile- fol 1 owing modules:*

ti

,
The trainee shoul d be-able t -select the md4t ec:91:nomical

collector area for the system.
4101

a S

OBJECTIVE

S. A

,.

' , ,6

4 4

s p

'44

;

: I

6..

.6,
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16-2 . 0.

_ .

."4
...

SYSTEM SIZING PROBLEM

Design an air heatingsolarz system fora 3-bedroom house to Boulder';
. '

Colorado, The house is tO be wood-frame_construction with R-13wall

4,36

insulation and R-19 ceiling insulation. The dimensions of the houseare

27 by 55Ieet °V the main 'floor with a All basement and unhgted

garage. The ceiling height on the main 'floor rooms is 8'-0" and

In the basement, 7'-3".. There afe 130-ft
2

of Window area ,on the ,

main floor with storm windows' and two 3'-0" by 61-8", 2.2" thick solid

wood doors with wood frame storm doors.- The basement has 30 ft
2

of
e-

windows with storm windows: Assume the building will hame 4 occupants.

The installed cost of the system will vary'from $27/ft2 for ea 9

. system 115-ifh400 ft2 of collectors to $24 /ft2'fo.r asystem'With 800 ft
2

of collectors. Electrqity is the auxiliary energy, for space and water

( heating, and curi-ent cost is 3.4/kWh. Prospects are that energy .cost

will increase at 8° inflation rateWhile tithe general inflation
*
rate

.

could be'6., .

.
, . - , -----.

.,

The best loannegotiable is 20 years at 9 percent, with a 10 percent:. .

. ,

down pafTent. rropOrty tax is 62 mils on 10 percent of .aSsessed value,._
-. .

.
.

. ;

which is at market. Assume there is a state law which exempts solar

.. ..., ,, _ .

heating and cooling SystAms from propertT t
., .

.

,. .

in th 30';!, tax-bracket,-

t forpersonsin:

-

The ownemkbf the building is assumed to

. %
.and'in Colorado, tie state income tax rate is 8

,

the 304 federal tai b The insurance premium on-soier s9steMs.is
N

No. .

:the sole rate as a homeowners olicy, and -can be-obtained "at-0.3 portent
4

iper.year b.Ased on insured v'e

-

482.
Aft

I
I

-
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6. s

16-3

o.

The 'solution*is given at the end of thQ,modUle, but participants are
, A

encouraged to size the system on their own and determine the economical,

collectoi. area 'for the sygtem.

463
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- 16-4

,

BUT ldinq Heat Load Calclations

, Sheet 1 2

Workshet

Jag Le Number of Occupants .4-

Computed y Date gz,rt-tuft,reli 3') rJ

Locat o.nJactoc,,, coloka, Latitude

.-Iruloor temperature, TR, toe, °F
.

Des-ign winter outdoor `temperature, To, °F

Deign temperature di fference. °F

*P
. Desi go degree-day, 65 - -To, /0-7. °F

Bull ding Dtmensions:

Abov*Grade: Length_55:ft Width al ft 'Ceiling Height ft

Below Grade: Cerigth 55 ft Width g-j 'ft Depth \-7; ,26" fi.

Concrete Floor Slab: Exposed perimeter 0 _ft

Exterior- Wall Area:

. t Window Area:

Door Area:
, *

-

Nbt Ex,teri or Wall

ATee) :

, Area:

If 'Floor Area :
. *

''' "

.
.

e. 4 , -&:
.

.

..._

o ,Basement Wall .Arta:' 7. AS C 6 f Q 34&Lof .1-6-9 '42-
. - ,: , . % . ,, '

,
40

_
, e

. . .
t 1

fled tinci'D(;oree-gays: *, Jaiwalv 1_1252 ._Gr-days (. ()En uerc) off

,. ,.

; . - , :, Annual :ama 13 °F -days
'MILr

\I i :
,-- 1,-

% '
A

Prorit Table 13-2

rt

.) .

0

, 1

,.46.4



6.6.
r

.` .

Worksheet
Sheet- 2 of 2-

I . 4

. .
U

Btu 4

i igi2

11T
t+ el

111.T. )

7o

0 UA AT
Biu/hr

6-1600
.

Eli FITTIFFT
Exterior Walls' (net)s :, ..

,
07

-
RaseMent

-Wales

tAlSovega.de 6

Be 1 ow'argde
.61.15 / i 574 g I 6m),

Windows
..

and

Sliding
'-Patio....___

Doors

Single -,,--

, DvIblre. e .

Tile'rp .,,_,
.. ,..

%to rm t

(24

/620.

. ,

0 7p
.

.'
(67_ca_

,

Exterior Stab
-

. -

Doors

Over Crawl spaceFloors
Concrete Slab on Grade t,

Basement ' .04, a3 , a 056
_is:a
-,t5t / 696

11.1)4770
to 40

Ceiling Aisw

ja/</SS
. GZS . 11i 1 ./8%.

ceiling)
70

Subtotal (wall s, windows, doors, -flours,

Infiltration;_
.

(0.018) x,;22x6,szErft3

subtota. ( if ducts noti
X 70 °F

.

t

Duct = 10% of in insulation envelope).

Design Heating Load: \;'to /hr
ib .

.0 e ..
, -q0 #_'s

P
Design Heating Load:, Btu DD .

. Design. Reati ng, Coad (Btu,/ t f. () h /lksign TD) -I 47
January Heating Load: m "Btu ,

(Btu/bD) 'X (January DO) ".
.

,
.

Annual Heating Load: in Btu' .

(Btu/DD) 'X (Annual OD) . , ,,

.:

go,. 0
*.A.7 = TR, 45'

.

DOMESTIC HOT WATER LOAD .

44

('lumberz oT occupants ri6;68o,ttuiday

January Load On Btu) ( Btulday-).x 31 x 10-6

Annual Load (m BtQ ( January. load x'12)

, -

° 0
. . .

4'

1'



(

building Owner:

Address;. 4676 TC.)-10,Pa.0

Contractor:
,

-:Type of Solar System (air-or liquid).

A. LoC:atioh:ea'rest. city fiNo..16trz, CO Latitude

B. :Mean daily solar radiatjrorJanuary (O a= aam'xocix-74./c(Btuift2.day)

C.

..

= January solgr radiation on -a ,horkon'tal surface (S)
.

o. - - (13 x 31) ,aa111449,

D. January bui 1 ding Meat load (1,) ,2.06:0oc.)

E. *January solar radiation : January building load

16-6

SOLAR SYSTc,M DATA

.
Wor ksheet TA-2

A

(z) 40

(Btu/ft2.month)

(Btu/month)t

12P114416
(1/ft2).

CollectOr tilt ': 55 : 9., 4. 15 , or , i*, -
. .

G. CO1 lecto,r ,Orientation de;reee; -froni 'south
rd ,,, .

'H. 'tea' t. Exchanger Tempef-ature DI f fererre (Liquid sys telns only) 0 of-

# ,
.

i. Fraction of annual heating lad:

.flunibe r
Trial Col l'ec tbr

Ares
Tilt = La ti tude

'[3] [4]

Area' Corrected
for

o' Tilt
A

p

[5] [6] .17]

Area COrrected
for.

0 rienta ttoh
g

Area Corrected
-for

lie,at Exchanger
.A

SA'

0Aa"

TS

.

(7.1' 0.9

l Selected arbi ri Or deferral ned from, f ., s--
. . .

]. Cprrection to coltumn [2.] for' tilt not equal to latitude *(Fig,. 14-2)"
, -

-[4] Correction tb-colunin DI for orientation (Fig.. 1473) ,*
: '[9] .Correction to colubn [4] ifor heat 6Xchhiger ( liquid, systemsvorily) s,

, c .
.. .

, [0, Frei') Figure 14-1; .- '-, .
, f . .

4'

, e . I

[7] Selected a,rbi4.rari iy or de' tenni hed from F.

l guile. 14-1
. * . .

466'
,
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LIFE CYCLE COST ANALYSIS
BASIC DATA 6

BUILKNG DATA (see worksheet TA-1)s
A. Building annual heat' laid. (in million Btu)
B..Service.hot waster load (in million Btu.)
C. Total annual` load- -

SOLAR SYSTEM DATA (see vi kSheet TA-2) .)
D. Collector area

. /E.'Fraction of annu load carried by sol(ar.
F.' Unit cost of -sol r system installed'
G. 'Installed cost of solar system (ox F) -40 x 01,7

A. H. Type of' auxi 1 iiry, heaters:
.

.

H.1 Space 1/4e,acti 4-14114.44/(44-
H.2 Service- hot water

'I. Effi.ciencieg of auxiliary'heaters:
I.1 Space . /.00 WOO).
1.2' Service hot water /OD (t/)00)

J. Auxiliary energy, costs (see Figures 15-1,15-2)'" J.1 _Space 900. ($/m Btu)
3.2 Sert.ice hot. w 9.00 (Val, Btu) ,

v %Worksheet LCA-1
01)

f.1\rr-1,
q1 (11 BtU)

(mBtu)
(m Btu).

FINANCIAL DATA .

K. Terms of..Toan: -Years 0? Interest rate.
,L ., Down payment on 1 oan %/100-x G /000
M. Amount of loan: G- L .N. Annual mortgage payment

Factor from Figure 15711 0./ x M/ .
TAXES AND INSURANCE .

P. property tax: G eta° X.P.1 ao- P.2 06;2
P.1 Ratio of taxable value td

installed cost 0:45' (% loo). .

P.2 Propert, tax rate . ;0607 (%/100) .

Q. Income tax' rate: "'"
Q.1 Federal tax rate (%/100)

State tax rate. . .0$ (MOO) .

Qt3 Effective taxtcrater(Q.1 + Q.2 -t.M.Q.1) (Q 2)]
R. Insurance: [G/efLta_' x Insurance. rate .003 (%/1.00)-

OPERATION AND tikINTENANCE . .
S: Operating cost first year:-

tr

t

44!) (f )
110.11

($ft2)
SeDO )

(%/100,)
/610 ($)

O

(5.1 x S.2 xJ.1) 77../ 'In' x
.X 9.00 :tu

S.1 Annual solar heat sus e ed (P&G)
0. ,,5) ',(rnsatu),

S.2 Fraction arfor elect.rkity. '(%/10.0).
T.'Ma'in-tena cos first year '

NDN SYSTEM DATA ".

($lyw)

(S/year).

;

,.
. Fuel expenses in'first.i/ear:'

A ii:1: Space4A 90 x ,1.1 99.00 ) ,

U.2 Service hoEwater:(B alq.e it J.2 j..pO ) -,
U. t7)tai- load' (U:14 ;J..2) ,. :

_ V. OperatinTexpense's' in fir'st year (11:3x:0.03)
. (.4. Fuel, plus operkting expenses.in ftrsgt year -,(11.3 + V),...., 4

, . A
. '

3 (MOO"
3p ($/year)

r

4,1(t/year)v

_($/ ear)

o
W10 ($/year)

$LY e a

:10g3 411y.eqr)
($/year)
($ /Year)

ti
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LIFE CYcLE,COST ANAtYSIS.
CASH FLOW

A.- Mortgage interest rate .01 %/100
8. Auxiliar.y fuel inflation rate of %/100

C. General inflation rate V100

[1] [2] [3] [4r f5] '.[6]

Col lector area
4,

°-,400 - ft2
Sol a r fracii o'f fota 1 load %/100

(use worksheet TA-2)

[7] '1;8] [9] P

Werksheet LCA -2

.84ystem Cost $ 00
Down Payment $

Annual 1 Years , Frac, of

Year; Mortgage : Left on Mortgage
. ' Payment I Mortgage,. as

, 4,,, , .-rest

Interest
Paid ,

Auxiliary'

Fuel

Cost

Property
Tax

7'...
Insuitance

-.

Operating-
Cdst ,. '

Maintenance
Cost

,Income.

TaX,

Savings

Expense
with
Solar

#, 1 pl, glrenli
2 0 ,,, AMBTAMMEN1211111Er.inumeislin r lz 7.
4 i - ' /7 MMIENEEMBEIMErai
5 /0 ' /(0 i . 7 g

7 330
7

11T01111r072111

7940 4C0

ffraillilli
0
0
a
0

..0

ad
ilirEMINIMIIIIMEMMEIIII
WEIMMEMIUMMIllWISEINIERMIUMFME
MgEilliMOMIL0MMfigWrlaB

43,.. -

441
MilliallIMMEINETEM

S

''- 707

57)

/111MIIII

ilEFAMMMTIM

&UM

70

/a 7A

.003 40'
-6 =' ! / ! . 7070 7 0 4

7.
. //, ' /4 .700 I 741 ac 0 t

8 /A ,' / - 0 i(p 56

10 -/o6 1 11 , coo &6,/ 0. 3.1 mujimmiar ,2 s-
11 MO? I /0 1 ..57's 1/111EZMIFIIII .3 NW= V 'O3 ,

12 ' ' 41 . 5-5/0 1MtainliaThaRriffl
53 e33.: o"

,.1

. 340
VAIM
70(0

IWZRII
, /073

9t5
1.071MMIWill

/07 .11rill
a .

/-
.40 ,A
4/14;7

13 , /66' .'
14 7,,, ' . 4S730 I q ) 0 ?WM/1MM

7/ 0
3.2

' .5,P15 ! /0 9 ! .400 4.7a

-6 1 Al . ----T3sz- - rs .---- -0,----- 361- Ml = 40 -/43 A.? "

1 i . .4,9 -. 10 IMEARIWNIMWBIliffM331
/.1.73 0 NOE= . /.S57

7
INIMIMIII51111

MEMIIMME

Do? a OS,
- t-

S, 076,77
- . O-

18 ! lob 0730 ,
'19 r

20 .
V6- 1
/0 -'

0, ./(00 'I c7/ 0 -

l .0. iMtilliragii,.. D
NERWIRWMIIM

/el.307
: "

[2] Anqual,r,ort::acie payment fr'oln LCA-1, line. N
,[4] See Figure 15715 -' ' , /

[V ColUmn (2: x cblum-6 '[.41 , ,

[..6.1 F4rst year crs,st from worksheet LCA-18

r Second a.. future .years: , - 4
, (first ye:. -cost) (1 + fuel inflation. %tate).

68, [7] see 1 ine P, worksheet LCA-1 . .

I

1

.

[8]..See I ine P., worksheet LCA. -1 .
,

[9] First yea cost tee 1 ine S, workshLet L-CA-1

Second and future years:
4 ( previous year cost) x-(1 + fuel inflation rate .

[1.0]'rirst year, cc:It_ see line t, worksheet LCA.--1- 40-
. Second' and future years:.

.
(previous year cost,) x eneraT jnflation rate)

11] Column [5] x (Q.3, work heet CA,-1) . ,.

t12] Downpayment '-i- [2]+[6]+[7]+[8]+[9]+[i0]-[11],



16-9 Worksheet LCA-1

.

LIFE CYCLE COST ANALYS'I.
BASIC DATA

BUILDING DATA (s4 worksheet TA-1)
A. Building annual heat load (in million rtu)-

. B., S,pr,vice hot water load (in mill ion Btu)
C. Total annual load

SOLAR.SYSTEM DATA (see worksheet TA-2)
D. collector area
E.-. Fraction of annual load carried by solar
F. Unit coittof solar system installed
G. Installed cost of solar system (Dx,F) 5D0 x 0169
H. Type of auxiliary heaters:

H.1 Space
H.2 Service hot. water

I. Efficiencies of auxilia y heaters:
I.1 Space (%/100)
1.2 Service hot water . (WOO)

J. Auxiliary energy costs (see Figures .15-1, 15-2)
.J.1- 'Space ' ($ im Btu)
J 2 Service hot water '9.00 ($/m Btu)

FINANCIAL DATA

90 (m Btu)

J4/4 (m Btu)
it'/.8 (m Bt4,),

stX (ft2)
7g (%/106)

. ($ /ft2)

/300 (4-)-

K.-Terms of loan: Years AO Interest rate 9 (%116)
, L . Down payment on loan:(0 %/100 x G 13o0o ) 13GO (S)

M. Amount of 1pan: _,G - L. ' //, 700 ( $ )

N. Annual mortgage payment"
-K .

4,1g7 ($/ year)Factor, from Figure 15-4 .1/ x14

..TAkES AND INSURANCE ,

P. Property tax: G/3000 x P.1 .30 x P.2, :064
t

..V.4 ($/year)
P.1 Ratite of taxable value to
i installed"cost . 45 (V100)

_,. P-.2 Property tax rate .049a (%/1,00)

Q. Income tax rate:. ,

Q.1 Federal tax rate 30 (%1100) -

"Q.2, State tax rate 0i (%1100)
.

Q.3 EffeEtive tax rate Q.2- 2'0.1)(Q.2)]
.

.1)(Q.2)] , 9 .33 (%/100)
R....insurance: £G /3000 x 1nsu ce rate .1103 (vioo)] lie_($/..year)

OP'ERFIT ION AND MAINTENANCE ,

S. Operating, cost first year:
.,

(S.1 x S. xJ.1) 'gc/..S- m Btu x 0(.0°

x . 9.00 $/m Btu
/. A ($/year)

S.1 An nual so.lar heat supplied (E x C)

.1i - xidd.,1_ = ilS" ( m Btu)
S.2 Fragtion of solar,for electricity ..0(e (%/100)

T. Maintdnance cost first year , , *, 0 ($/year)

NON SOLAR SYSTEM' DATA ,

ift-- Fuel expenses in first y.ear:

II :1 SpaCe (A , x j'...1
) e

...'11.2 Service hot water: (B ,- x I.

7.3 Total load (11.1 4-P.2) -- .

01.eratirib. expenses in first year (U.3 x

W. Ft.wl plus operating expenses in first ye r (U.3+11)

r

470

($/year)

'($/yea.r).

, ($/yeSr)
° ($/year)

/04,/ ($/year)

. ..

196

tA
.e

44fo. ./



A.
B.

. C.

Mortgage interest rate .09, %/100
Auxiliary fuel inflation ratR..of %/100
Genera.] inflation rate 06 %/190

[1] [3] [4] [5]'

LIFE CYCLE COST ANALYSTS
CASH FLOW

Collector. area- 500 ft2
Solar fraction of total load .71 %/100

(use worksheet-TA-2).

[ 61. [8]. [9] [10]

Work-sheet LCA-2

Sys:tem Cost $ /5;00,
Down Payment S /300

ril [12)

AnnOal ears iFrac.of
!

Year:Mortgage, Left on.lt4ortgage
Interest

as Paid -

------1-1'Payll'ent
IMortgage

Tnteresti

Auxiliary
Fuel

-Cost

Property
Tax

a
0

Insurance

tiraMIIMFAIMMigiiiiiIirIlln

Operating
Cost

.5":

Maintenance
Cost

53

ncome
Tai.

Savings

34

Expense
with

Solar

, 0 3
/33IIIIIIIVA 7 ! 6.1) . ' AO (Ms" ..1.77

2 1 /RV rilM 0 at/.5"
3t. 1. 0? 87 1 . i - Is /0/0 ..1(p 9 . 5-6 sb 333 NU 70

07
'NI4.$:

.5

6

, 17 i/4P/AffillrillMEIM
a8 is . 7PC.

-'s
9,17

VIII
334

9
*MNINIMEnffigiIllre.MIIN551111

9
31 I Mira-MM 306 -.7

7_ ,, . 7 i7 I 700 01 0 / 39
=0=1MM/A
OWN=

76,

g

7/
7s-
0

0197
WS=

o17.2

53
/ rf
1 :a 38 `, Jai I 15 90 .. 9 .

9; ! alg 7 /A 10 4.70
TO I ,7 .-' I .(0/.0 I. ,TiiiiiiiNfrnillifinaii % 8" ..? s-i 70

.tA 7 57.5- 4 ii10 . 0 .31
IIIIONIMEINEAMINKEIRM

/0 W Mg=
APT

44
3-12 .' 7 ..5110 - YA 0

ISIIIIIIAMINIF
14 87 7

e
-': cg7Y,

W=III
5

57.?
- .' 0 31 /c2/ IffiralliE 01/3 - - 07.

0 111r51111111FAZINU /07 MEM 1"/
15 , /42:7 , .4/00 $13 6,, 0 IIIIMIIIIIIIVAIII //3 /70 , ,

16 / A : 7 5 ' sCt 450 ,1 0 1111311111111MEE111 /40 111E011 A/70
17 /.Zf 7 1 .0190 7 0 IIMMIERMIN 417 /A3 ,,U 7

18 i,2. 7 '1 .-.7 I W IA : V 0 77 / 3 S- MEM .4 8.2

19 t /07. 7 . "" -t..,:i -0 11 ILFTAIK 90 0" diariEBEININININIEW11WTI. 757 MM. ,?50
44,A-20 ./af 7 . WITENIMEngri 01 NM= o'

6

[ 2] Annual riortdage' payment froen 1:CA-er, -ling' N
[4] See Figure 15-5 .

153 Column -[2] x cd]umn [4]
[63 First year cost from worksh t LCA:1':

(C: E).Y..(j.1\,
Second an.: future-y:eats: V,
(first...year costilix`(1±f 10,pflation-i7ate)

[71 See line. worksieet!.LCA-.1-,4'24

t''' .
4171

01

CD

..[8j See line; R, worksheet LCA-1 . -

[9] 'First -year cost see line S, worksheet CA-1
s' 'Second and fueure, years: .0'

' (previous year cast) x (1+ fuel inflation rate)
[10] , First year cost see line' T, worksheet LCA-1

Second and future years: > ./. :' 472
1previo.us year cost) x (1,+ general intuat-ion rate)

[11] Column [5] ,x (Q.3*, workheet (_CA -1) : '.
[12] Dowhpayment .ir [2]+[6]+[7] +[8]+*[9]+[10]-[11]
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LIFE CYCLE.COST ANALYSIS
DATA

BUILDING DATA (see 'worksneet.TA-1) _

,A. Building annual-heat load (in ,million Btu)
B. Service hot water- load (in million Btu)
C. Total annual load

SOLAR SYSTEM .DATA (see "wdrkshest TA-2)
V. Collector area . .

..

E. Fraction of annual loa'd carried by solar
F. Unit cost of solar syste'm installed
G. Instal led cost of solar system,(D x*F) 6.00. 026'

H. Type of auxiliary heaters:

O

H.1 Space iiv,ti.k. A.14.44-14./x.e. ..

H.2 Service hot water E./.t.C,PUG , .

. 1. Efficiencies of auxilia-ry ,lieaters: \,

1.1 Space , 1.00 (14/100)

1.2 SerVice hot water /.06 (%/100)
J. Auxi'liary energy costs (see Figures 11-1, 15-2)

j.1 Space 9.00 . ($/m Btu)
J.2 Service hot water" 1:00 ($/m Btu)

FINANCIAL DATA

-- Worksheet LCAL1I

"(mitu)'

-(tri

(,m 'Btu

; Ik0 (ft2)-

S (%/100)..°.

s- ($/ft2)

13-06

. -

K. Terms of loan: Years ',RD Interest rate 9 (%/100)
L. Down payment on loan: ( /0 %POD x 0.15Z ) -

M. Amount of loan: G -
effe.

N. Annual mortgage payment-
Factor from Figure 15-4 0.1/ x M

TAXES AND INSURANCE ,"

P. Property tax: G/S-.06,0 x . 30 x P.2. 0.6,9

P.1 Ratio of taxable value to
installed cost e(t/100)*

P.2 Property tax rate 060.2 (%/100)
Q. Income tax rate: .

Q.1, Federal tax rate . (WOO)
Q.2 State tax rate . Og (;/101:1)

.Q.3 Effectil/e tax ratef(Q.l + Q.2 - 2(Q.1)(Q.2)]
R. Insurance: [G /..5:000 Prnsurance rate .003 (%/100)]

OPERATION AND MAINTENANCE
5. -Operating cost first year:

-( S.1 x S.12 x,d .1) 97t(o m, Btu x -06-x 9 $/m Btu
S.) Annua4 solar heat supplied. (E x C)

x utt. g 5 617c, (m Btu)
Fraction of solar for el ectr-icit.77o (%/100

T. Mai telance_cost-,..first year

lk ' .
NON SOLAR YSTEM DA1Y,

4

UU. Fue e 'enses in first year:
U.1 Spice (A x J.1 ,

./4110
. ($ /year)

:41:2 Se ice (hot water: (6 x 'J.2 ' ) ($ /year9
'U.3 Iota load (U.1 + U.2) ($/year)

V._Operating expenses in first year (U.3' -,x 0.03) ($/year)

W. Fuel/plus operating expenses .in., first year (U.3+ 10 -/i/e.i. ( $/ye4r )
.,
, 1

,

ff

/S7:0 ( $ ),

/,4--00-(-$-)

lig
/ '/Ss ( $/Year)

.079 ($/year)

(%/100)

S"-($/year)

5-3 ($/year)

50 ($/year)

.1% 473 v

t'
.
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LIFE CYCLE COST ANALYSIS'
CASH FLOW

, 0
4

A. Mortgage interest rate' .01 %7100 C& I ectr area "00 ft2 ,

B. Auxiliary fuel infl-ation rate.0gW100 Solar fraction of total load .sys- vioo _

C. General inflation rate: -- .06 '-',/1 00 (use worksheet TA-2) ,

{1,j.fr [2] [3] [4-] ,, 4[5] [6] [7] [8] ,{91
. ,.

Do] ,
. .

/ at
Wo.rksheet LCA-2

' Annual .Year:-, Frac.f of Interest Aux i 1 iary
I Year Mort a e Left on Mortgage' Fuel

-
-System Cost $ 15-) o 00

gown Payment $ Soo

[11] [123
Income I.Expense

Property Insurancel
Openating Maintenance Tax ! with

, Payment ,,-lortaage , '3 I rduj
!

interest, ; Cost

i

10A

0
o

S's

uybt

I 5-1

LOS t.

,
Sz
S3

Savings ! Solar !
i

'1

Y0 z i /99s6
3 1 /3

,
.1 : ,y!ks-- 'r 2-0 ,(32_0 IT 121$ f

" o 1 ,

/SI-
L2.- ,

1 y8s- is ! 1/e6 i' ,

,

1 V.s. t . /
Lo 4' 1 j y es- 17

r.7g,5
_ 76s- 1/36 19_5-" 'a I tts- i' _C 7 Co __ 17s-- J St ?

L___6 I -Pfgr ii(._. ..7Yr., i 1106 2-It [ '0 i yr
Y-S-

72
7k .

63
..-e2

36S L 15-11
3.s-3 /S-S--o

i 6 , / YE'S" /S .720 1 )1069 lit Q
Li i _148s-- i iy-

13
.700 t LOY0

I = 670 195"
t 2Y6

2e,4
a
0
a
O
0
a

Y_S-

I VS"
Yr

I Y.S-
cis'

1 yr ,,

- Vt
; Al

c18

tot
//St

- -/231-

7/
7c
to
344
90
9s"

10/
/07

. /13

5,,,3 I / .51.8
A,P /_63Y-
3/ v. 165'1

2,99 I /731
zn 17A7
2c.s-- 1 ny-s-

. 2-54S- 1109
220 19t3
116 t--20s8

8 /VS'S-
9 'tar '12_

II
. 6 sio .

.., 610 j

',co
106
S'S'"/-
802

287
3/12
33.s-
36/

L.J.P 448'.5"-

I I 1 ; / 4 i ,s-II 1 a

1
. vs-
. slit>,

r 1'2 ' 1 Y4.5- '

! 13 i AS, ts- Si ,Soo 7,f3 " 390
v2.2

0
a

i ,116-
Sfs- .

i'/33.
i 1 Vti.

I '14 ; '1S' S- 7 ' .ileigo i. 668 .

1 15 ; /vs- .V0 ! 79,1,- I. V$T 0 ' (fir ! Ir_6 1

Eirl _ f $S'_
I 17 ; /1,48,r, :

_6'.

v
=3S
.29

1 S2o
Y3/

i y92
61/

0 ,_._,_
' 6 -I

9,--c= 782 n-7-- 1 ta .-1-ZZ-11-1

:18 ! Ait.t I 3 .2-3' 3 Y2 E..7 0 1 91:
`es-._

Sir

196
2../2
zzi----

135"
'1 Y3

137 1

/13 H 212,2 '

"79 IVLs:_-_,
. SIZ 1 ZS-3 7 I

L19 1
svgs- 2 ./6 I 2.3$ .

I 12(
: 1

I
6/9
661

0
a

1 20 _1_/ V kr I / .085'
4nn.ual crPortgage payment from LCA-1, line N

[4; See Figure 15-5
LS: Column [2] x column [4]

. [63 First year cost from worksheet LCA-1:
(C) x (1 - E) X (J.1)

. Setond and future years:C 474 4(first nar cosi) 'x)(1 + fuel inflation rate)
[7] See 1 1,ne-P, worksheft

-a

[8] Se.e line R, -worksheet LCA-1
[9] First year cost see line S, worksheet .LCA-1

Second and future years:
(previous year cost) x (1 fuel inflat ion rate)

[10.] First-year cost see. 1 ine ,T, worksheetLCA71
Second and future years:

. .( previous year cost) x (1 + general inflation rate)
[11] Column [5] x- (Q.3, worksheet .LCA-1 )
[12] Downpayment + [2j+[6]+[7]+[8]+[9]+[10]-[11),

475
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1

LIFE CYCLE COST ANALYSIS
ECONOMIC SUMMARY

A. FUel infiation,rate O. (% /100)

[2] L-J [4] [5] [6] [7] [8]

Worksheet LCA: 3

[9] -[10] - [11]

1;i0N-SOLAR SYSTEM

Year I' 1
. Fuel Plus !with

Operating -xpense iifrom

,

/ SOLAR SYSTEM .

, .

,

CoLlector
'

ftrea 0c) ft' . 'Collector area $00!-t2 Col lector Area app ft

'

Exormse 1 Savings Cumul.
Solar with Solar' Say.ings

LC4-24[2] - [3] with Solar

23/Y- / ZS-0 /7- Sp

Expe

with
fro

se

solar

LCA-Z

' .03

Savings
with Solar

[2] - [3]

- IS-3,1

CuMul.
Savings

with Sol a

- Irlq

Expense
with Solar

from LCA-2

Savings
with Solar:Savinp,
[24 - [3]

,Cumul.

with Solar

Pit 2.2t

1 /06Y '

2 1 //kt9 1_12.72
t

1 - i 23 -- 1373 44 s . - UtEi6 ,__,
_, , 12-YI I315- !- 7Y -I 7 1370 - 129 - cara - 221-
4 /34'0 /360 1 2-0 -146 7 /V07 ' 67 19_2.0 -- 13 7 24t26

5 /9y8 /Sto? Vo - /So4t7 I - 1 -- C

6 . /5-6 3 /462 1 01 s 1 V/ i' - 0

7 /68R / 536 I - 1696 oo16
8 t 182Y, 1579 St . Is- - AL60,WRIZI o
9 1469 - 16 324 i MEMINEWUR .

10 . 2127 / 412. 70 4/ 4 77 o 9 171/ MillignUZIEMil
11 2297 9 o /7: 1 /o /-
12 ZLia/ 1875i 606 3 6 V9 7

, 11=1911 .

13 U79 , 0 72. 2St o %it

li 2895 1062. can 2483 - 903 6 /193 9/I 9//
is 3/2S- 2167 . 951 $ v(t/ 0 aar 3 9 o ` /06Z 19 6'

16 337.c 2n0 4-304 11111 7. in
17 36Y-S- 24/03 . /2112 MU-EIIIIMEWM11111 /3 S. o MniMMEgia
18 3137 2::,5 3 /,104- 7/8 .: a / 73 s /6 r ". WO
19

.

Y2.5-2- 2677. /5-7S- Sis 24-0 17 0 6 o

20 1 Y3-92 . , 283o /762 to s-/9- 9 /9 II . S to,
[2] First year Cost, see line W of worksheet LCA-1

Second and-future year: , ,

(previous year cost) x (1 + fuel inflat4on rate)

[3] Column [12],. worksheet LCA-2 - ....

[4] Column [2] column [3].

''.46

[6] Column [12], worksheet LCA-2
[7] Column [2] - column [6]
[9] Column [12], worksheet LCA-2

[10] Column [2] - column [9]

477
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SOLAR SYSTEM SIZE

A. Type of System"

B. EconoTipal Collector Area

C. Collector Tilt

- D. Collector Fluid Flow Rate:.

1. Air Systdm,(1.5 to 2 cfm /ft2 collector) /000, cfm

2. Liquid System'(0.02 gpm/ft2 collector) svAq gpm

ti

WORKSHEET TAL3

kit.
ft

2

, degrees

E': Pumps: Liquid System ,

.. .

.

1. Collector loop flow rate (D.2)

.
.

,

Head AI/4
A1,4 N gpm

ft

2. Storage loop flow rate (1.5x E.1)
,

WA gpm

, Head N A ft

3. Service water preheater 3 gpm

Head 2-3 ft
,`- .

( 4. Heat distribution coil (gepends. __,,/,1E____. pm

upon heat delivery rate)

Blowers: Air System.

14. Collector loop (D.1)

Head te/i4 ft

2. Distribution blower (provided

with fOrnace)
c44

3. One blower system (0.1)

G. Storage:

1. Liquid system B x 2.0 gallons/ft2

collector

Air system B x 1/2 ft3/ft2 collector

(a) Pebble size (1-in. screened

concrete aggregate)

(b) Cross-section area (D.1 : 20)

(c) Rock depth (G.2 :G.2.b)

' 'H. Heat Exchangers:

Con.sUlt heat exchanger manufacturer

478

4200 cfp;

Head 1-1.5 in w.g.

/Vzi cfm

Head in w.g.

/000 cfm
Head 1-1.5 in w.q:

gal

o/51)1 ft3

'

ft
2

ft
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4

n.

BLANK WORKSHEET FORMS

4

4

A
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11A

Job

Computed by

jocation_ :Latitude

A
iorksheet TA-1

Sheet' 1---6f 2

Building Heat LoadCalculations

0

NUmber.of Occupants

Date

Indoor temperature, TR,- °F

;Design winter otitdoor, temper-ature, To. ''F

Design temperattire difference- 4°F

Design degree-day, 65 - Tot -°F

Building Dimensions:

Above Grade: Length 'ft Width ft Ceiling Height ft

'Below Grade: Length ft Width ft Depth ft,

Concrete Floor Slab: Exposed perimeter ft

Exterior Wall Area:

Window Area:

DoOr Area:

Net'Exterior Wall

Area:

Ceiling Area:

Floor Area:

, .

°Basement Wall Aeea:

Hetin:g pegree-DayS.:* .January .-°F-days

Annual
4

°F -days

* From Table 13-2 ,.

480



ar,

Worksheet TA-1
Sheet 2 of 2

.( U ,

Btu
I

.

c.T 0F

R(T

TO)

= U A AT
!

Btu/hr(hr) (fit ) VF.)
\

Exterior Walls (net )

Ba .tBasement
Wabls

Above grade

Below grade .

Windows

and
Sliding
Patio

.DoOrs

Single
.

,

Double

Triple

Storm

Exterior Slab Doors . .

Walls, Windows , and oors .

Floc
%,- .`,,,

Over awl space .

Concrete Slab on Grade

Basement'

Ceiling

',,$96total (walls, windows, door,..S, floors, ceil-ing

A/infiltration: (0.118) x fi3 x °F

/ Duct = 10 of subtotal (if ducts not in insulation etwelop'e) .
ti

Design Heating Load: Btu /hr
, .

.

Design Heating Load:' Btu /DD.
Design Heating Load (Btu)hr) X (24 hr/Desi,gn DD)

January Heating Load: m Btu
' (_Btu/DD) X (January DD)

.

Annual Heat-lag Load: m Btu
i

(Btu/DD) X (Annual DD), .

.

= TR -45°

DOMESTIC HOT WATER LOAD/
A '10

Number of occupants X 16,680 Btu/day /

January Load (m dtu) (BtU/day) x3.1 x 10 -6

Annual Load (M Btu) (January .load x12)

481
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I

)

Building Owner:

ficldres:

Contractor:

.

SOLAR SYSTEM DATA

CI

.

Type of Solar System (ai'r or.liquid)

Worksheet' .TA-2
O

A. - Location: Nearest-city' Latitude (2).
,

B. Mean daily solar radiation in January (s) (Btu/ft2day.).A

C. January solar radiation on a horizontal surface (S)

D.

(B x 31) -= . (Btuift2:mont

January building heat load .(L) tBtu /month)

January solartcadiation -: January building, load

(S-L)

c

F. Collector- tilt 2,+ or"

G. Col lector Orientation degrees, from south'

H. Heat E4changer TAmperature Difference (Liquid'- systems only °F

(1/ft2),

I. Fractiop of annugl heating ioad:

[1] . [2] [3] °
'

[4]
;

___[5] [6] [7]

.

...1.r;idi
number

Trial'Eolle'ctor

' Area at ,

Ti 1 t = Latitude

A -

.

Area Corrected
for

Ti 1 t

A

Area Corrected
for

Orientation
A

._ _

Area Corrected
for

Heat Exchanger
A

.
SA

L

.

f

. .

. .

, \,.. .

.

0'

[2]. Selected arbitrarily or detennined from f

[3] Correction to column [24] --for:tilt,not equal_to latitude (Fig'. 14,2)

[4] Correction to column [3] for orientation (Fig. 14-3)

[5] Correction to column [4f for heat exchanger (liquid systems only)

[6]. From Figure 14-1

[7] 'Selected arbitrarily or determined from Figure 14-1

1. 482 x.

f



O

. .

Building Owner:

Address:

Contractor:

WOrksheet TA-2

1
SOLAR SYSTEM.DATA4

0

.

Type of Solar System (air or li qua
.1. N.

A. Locapion:' Neirest ,city
I 4

Latitude 12)
1

B. Mean daily sol ar' radiation .in January (s) j (Btu/ft2:day)
iN

C. January solar radiption on a horizontal surfSce S)

(B x'31) = (Btu/ft2,morith):
,1 .

(Btu/morith)'D.

E.

January

January solar radiation January building loads

(SA) = (1 /ft2).

bui piing beat load OA-

F. collector tilt : 2 + or 2.-
.

G. Coltlectox Orientation- degrees, from4 south '

H. Heat Exchanger JemperatureDif4rence (Liquid systems only)
,oRs

1. Fractjon of annual heating load.:

[1] 3] [43 [6 [7]

11- ri a)

Humber
.

Trial Collector
Area a/t

Ti 1 t .-- La ti tufde

A

.

Area

-for
4,.

Ti 1 t

A

Area 'Corrected

0
for

Orientation
A

tt

Area#Corrected
for

Heat Exchanger
.

A.

.
.

f

.

.
.

, . . ...

[21' Selected arbitrarily or ,determi'ned frowif

: [3] Correction t colUmn [2] fornit-nOt equal "to Jatitvde 44-2)

,[4] . Correction to column [3'] for orientation (Fig. 14il3)

[5]. Correction to column [4] for heat exchanger (1iqu:i,d sy.5temsonly)

[6] From Figure 14-1

[7] Selected arbiarbitrarily or detrmived rom Figure 14-1

;r
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.21

. e .

INFE CYCLE COST ANALYSIS .
N )

BASIC DATA

BUILDING \-DATA__:(see worksheet TA11)
A. Building annual heat load (in million Btu)ti

B. Service hot watar load '(,in million Btu)
C.. Total annual

o

Worksheet LCA -1

(m' Btu)
(m Btu)
(m 8,,tu)

SOLAR SYSTEM DATA (see workshe4 TA-2)
. D. Collector area . ( f t2 )

E. Fraction of annual load carried -by solar (%/1 00 )

F. Unit 'cost of solar sWem installed
G. Installed cost of solar sAtstemJD x.F)' x

( $41'
t2)

t.
($)

H. Type of.auxiliary heaters:
H.1 Space
H.2 Service hot water

I. Efficiencie's of auxiliary heaters:
1.1 Space (WOO

, I .2 Service hot. ater - (%/160)
J. Auxiliary 'energy' costs (see Figures 15-1, 15-2)

J.1 Space ($/m Btu)'.

J.2 Service hot water ' ($/Trilt.u)

FINANCIAL DATA ? /
K. Terms of loan: Years Interest rate' (%/100I)

. L. Down payment on loan., ( %/100x G -T-
M. Amount of loan,: G L

.

N.' Annual mortgage payment
Factor fra Figure 15-4

TAXES AND INSURANCE
P. Property tax: x x P.2 -

sP.1 Ratio of taxable :Value to
installed cost (WOO)

P.2 Propdrty tax. rate (WOO)
Q! Incctie tax rate: ,

Fecidrar ta% rate (WOO)-
Q.2. State tax rate... (%/100)

t).3 Effective tax rate[(Q:1 + Q.2 - 2(0.1 ) (Q-.24]
R. Insurance: [G Insurance rate M100)]

OPERATION AND MAINTENANCE -

S. Operating cost firST year:
(S.1 x S.2 x) 1) m Btu x

x $/m Btu
S.I Ala-nualsolar heat'suppli2T(E x C) .

- x =

-11

S.2 Fraction of solar for electricity
T: Maintenance cot firs't year

NON SOLAR "SYSTEM DATA .

U. Fuel expaenses in first year: ,

;IS
,

p tSpace (A x J..1 )

'.U.2 ,Service hot 'water: (U x )

U.3 Total load. (U.1 + U.2)
V. Operating; expenses in first ..year (U.3 x 0.03) -

. Fuel plus likeraling expenses in first. year (U.3 +V)

111-

($/year)

(%/100)
, ($/year)

-($/year) ,

(.03tu). t
%/1 00 )

'484'

($/year)
?

($/tear)
---7($/year)(Wear)

($/year).
----($/year)

a,

g
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..

,

I , ..

. Worksheet, LCA-1, '

.

... f

,

,, .. , 1

4

fo

' LIFE CYCLE 'COST ANALY§IS.' t. ;

', BiltSIC. DATA , - . ,

. (' . ,
...

BUILDING DATA.6ee wOrksheet fAs1) -

:
- -

A. Buildiag.enn6a1,14at' Idaclin million Btu) .. :,

(m Btu).
. , ' IL, Service hot:wit.er-lp.,001illion Bty) \

(ni Btu)
..,, C. Total 'annual .1140 -"e' : ,:s q. , . '

. ,

{ m Btu)
.

_ SOLAR YSTEM'OAkIsee,worksheet Itk-24 -

11. '

. .

,.
. D. Collector Areal:, .i, '.1 111.:.e , :

. (ft2)
E'f Frattccin of Annu-a"010,90-Alfthe'd by so .1*.

IA (%/100)
'F. Offit,cost of stylar systilm.installed

. ($/ft2)
G.. InsthlA ea- cost of solar ,system -(Dx F) , x ' ($)

..* 4 H. Type. of aux i 1 i ary'lieaters-:, ,, .

'HA' Space , 4 .` : .. .t % f--, /

H.2 , Service -hot water ) :-- ?
. i -.

$

t
I. EffiCiencies of auxiliary heater: ,,... 1 4

1,1 Space . , W100)
"142. Service hot ater \. ( % /100)

.J. A4iliary energycosts (see 'Figuresit-,1, 15 -2)
J.1 Space A ' $ . ($/mBtu)
J. Service hot water f (,$/m' Btu) -?

FINANCIAL DATA milk
.

... ., .

K.. Terms of ,loan f Years 911 .IRterest rate , (%/100). .' . ,

L. Down payment on loan:. ( .c') 4 %/100 x G- 777. :' ( $ ). i

M. AmOlint of loan: G - L s
I

2 ($) , '

N. Annual mortooe payment , .

t

,

Loctor from Figure 15-4. . x mr c4., n ($/year)
. ,

J
'

4

TAX.ES AND INSURANCE ,

41)". Property tax: x P.1 x P.2

P.) 'Ratio of taxable alje to
installed cost. ' '(%/100)

($/yea'r)

P.2 Rroperty tax rate
, (WOO) ..it-

Qt Income tax.rate: ,

.- .

. Q,1 Fed al tax rate. '" .(%/100) . .

Q.2 Stat tax rate !
',.,

(%/100)' ,

Q.3 Effective tax rate V+ ;2- 2(Q:1)(Q.2)] '' . 0/1Q0)
R. Insurance: [G_ ,

x Insura ce rate .- (%/1.00,)] : ($ /year)

.
OPERATION AND MAINTENANCE ... :.., 66 :

4 s

S. Operating cost'first year:
7 3 ' _..... -I

(S.1 x S.2 xJ.1) m Btu'x
:-.

": '-' $/m4Bt4 ($/year)
. ..

S..1 . 'Alma 1 solar heat suppl ied (E x' C)
,...

' . ,x --- ( ' On Btu)

I-" S.2 Fraction of solar for.electxicity '' (%/100t

.f. T. Maintplance cost first year % ($/Yiar)- .

NON SOLAR SYSTtM DATA

U. Fulll expenses in first year: ;

U.i. Spice (A '. x 011
i)

'U.2. Servicr hot water: (6 x J.2 )

0.3' Total load (U.1 +U.2) ..,ih..
.

V. Okratinh expenses in first yearAU .3 x 0.03) .($ /year)
W. AO plus operatinj expenses in l'irst'year (U.3+ V) . ''7 ( $/3jea r )

;

($/year)

($/ye5r)
($/year),

4

485 (4
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LIFE CAZLE COST ANALYSIS
-BASIC DATA

411k ; .

BUILDM DATA (,sek worksheet TA-1) '

A, B.uilding annual heat load (in million Btu).
. B. Se'rvicd hot water, load On lion Btu) ,

C,.' Total annual' load

.50LAR,SYSTEM DATA (see worksheet TA-2. '
D. Collector area , .
;E. Fraction of annual load' carried by solar

. F. Unit cost -of solar system instal led

G. Instal Ted, cost of sol dr system (D x F) x

H, Type of auxiliary heaters:
' Space

.5P

H.2 SerJiee hOt water . . .

r.'.EffiCiencies 'of auxiliary heaterS:
1.1. Space (1/1.00

1.2 Service shot water , (WOO)
J.,,Aoxil iary energy 'costs (See Figures 1,5,1, 15-2) ...

, J.1 Space

J.2 Serv.ice hot water ; ($/m Bru) ,

($/m Btu)

FINANCIAL DATA -

,
. ... ,It,.

K. Tern of loan: . Years Interest 'ratc (1/100)
L. Down :1-.1ayment on , 1 o an :7-- %MOO x G. 7-7 . -

Worksheet.

.

M. Amount of loan: : G - L .

N. :Annual mortgage payment
Factor from Figure- 15-4 _x M

,
TAXES-AND INSURANCE,

P. Projaerty tax: G , .x p".1

P."r Ratio of tax al value to
installed cost

. .Property tax rate

Q'. Income tax rate:
Q.1 Federal ta rate
-Q.2 State tax rate '

x

(7410.0)

, (%/100)

(%400)
V100 )

Q.3 Effective tax rate[(0.1 + Q.2 - 2(Q.1.)(Q.2)] a (.%/100)"

R. InsuranCe: x Insuilnce rate: (1/100)] . ($/year)

(m Btu)

(mBtu)
(m, Btu)

.

(ft2)

($/ft2)

et
4

TS) '
($)

11`$,/year..)- .

1$/year)

OPERATION AND -MAINTENANg

S. aerating cost :first year:

'(S 1 x S.2 xj.1) .* m Bt4 x
x 1/m Btu

S.1 Ann6,11, solar5 heat supplied (E x C)

.Fraction of solar for, electricity,

T. Maintenance 'first' year 0
NON SOLAR SYSTEM DATA

Fuel 'expenses in first, year:

U.1 Space' (A x J.1
)

.2 Sexvi ce` hot water: (13-1'x J.2

U.3 Totai lOad (U.1+ U.2)

° ..1:00'

. (1/100)

V. Optvting, expense in first year (U.3 X Of03)

*Fuel plus operating expenses 'in first year. (U,3+ V

)

486
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($ /year)

($/year)"

(/Yeai).
($/year)
($ /year

ar)--

77-($ / r)



LIFE CYCLE COST ANALYSIS
BASIC DATA .

BUILDING DATA (see worksheet TA-1)
.--'. A. Building annual heat -load (in, million Btu)

B. Service hot water load in million Btu)
C. Total annual load

. SOLAR ,SYSTEM DATA. (see. worksheet TA-2)
4111 D. Cc:lit lector yea ,. , . 1' '

E. Fraction o annual load carried by Solar
I,. r.Unit coStOf solar sy0em installed

. G. Installed Cost of solar system (D'x F)
N. Type of auxiliary heaters:

H.1' Spade.. ,,
A H.2 Seriice riot water

I. Efficincjez of auxiliary heaters:
i I.1 space ......1.-...., (% 0). ,

1.2 Service hot water (%/ 00)
J. Auxiliary energy costs (see -Figures 15-1, 15-2)

J.1 Space , ($/m Btu)
J.2 Service hot water ($/m Btu)

FINANCIAL DATA
K. Terms Or loaw. Years" Interest 'rate. (%/100)
L. Down payment on loan: ( % /100'x Cti ---I-- ($)

4

M. Amount of loan:- G-L ($),
, N. Annual mortga'ge payment

Factor from Figure 15.-4' x M $/year)
r

TAXES ANb-INSURAINCE ,

.

P: Property tax: G x P.1 x P.2 , . ($/year) *-

P.1 Ratio of taxable value to ..

iostialled cost -(h/0/100)
P.2, Property taxlate (MOO)

Q. 'name tax rate: _

..Q.1 Federal tax rate - (:%/100) .
.

Q.2 State tax rate (WOO)
0.3 Effective tax rate[(Q.1 + 0.7- 2(0.1)(Q.2)] (WOO

R. Insurance: [G . x.Insurance rate (6/100)] '($/ye-ar)
OPERATION AND MAINTENANCE

S. Operating cost first year:
(q.1 x S .2 x J.1 ) m Btu x

.
x $/m ,Btu .7 -

($/year)-

S.1 Annual solar- heat suppl led (1: x C)
x = (m BUJ)

S,',2 Fraction of solar for' electricity ,, (%/1.00)
T. Maintenance host first year 4 , : ($/year)

J
NON SOLAR SYSI'l DATA

U. Fuel expenses in firs.t year:
U.1 Space. (A x J.1 ) ($/year)

U.3 Total load 411.1 + U.2) '(($$//leeaarr))

U.2 Service hot water: (B x J.2 )

V. Operating expenses in first year (U.3 x 0.03) ($/year)
W. Nei plus operating expenses in; first year (U.3+ V) ($/ye.ar)

.

Worksheet LCA-1

Se
I

(m Btu)
.'(m Btu)

(m Btu).

f_t 2 )

(V100)
($/ft2)
($) ,

$ J
,4 8 7

r



LIFE CYCLE COST ANALYSIS .

CASH FLOW

--Worksheet LCA-2 \

,

A. Mortgage interest' rate %/100' Collector area ft2

BimiAuxiliary fuel inflation rate. %/100 Solar fraction of total load %/100

C.. General inflation ate %/100 . (use worksheet TAL2)

. [1] [?][3] [4] [5] [6] %,[7] [8] [9] [10]
4

System, Cost $

Down Payment $

Year

Annual

Mor,tgage

,
Payment

Years

Left on
Mortgage

Fra . of
Mortgage

interest

Interest,Auxil
-, . ,

Paid

iary

-Fuel

Cost

Property
Tax

Insurance
Operating

Cost
,Maintenahte

Cost

Income

Tax
-.-

Savings

--w..--
Expense
with

Solar

.

2
. \

3
,

y
.

4 ' . .. . \ .
, .

5
.

.

6 .

.

' .

,

-

.

8 '
. ,

'''
. r_

10 .
,

1T .

.
..,), .

13 .

. e
14 4!:

15 .

,
. t

17 a
-

18,
.

--.

19 . -.._ -

20 .

. . ..,

_

[2] AnnUal mortgage payment, from LCA-1, line N
[4] See Figure 15-5

[5] Column [2)4x .column [4]
[6]. First yea,' cost from worksheet LCA-1:

(C) x (1 - E) )

Second and future years:
(first year cost) x (1 + fuel inflation rate)

488 [7], See 1 ine P, worksheet LCAr1

6

[8]. 'See 1 ine R, worksheet 1CA-1

[9] First year cost see line S, worksheet Leh-1.
SeCond and future years:

*it

(previous year cost) x (1 + fuel inflation rate)

[10] First year cost see line T, worksheet LCA-1
Second and future years:
(previous year cost) x (1 + general inflation rate)

Ai;
[11] Column [5) x (Q.3, worksheet LcA-1)

[12] Downpayment + [21+[6]-40(7]+[8]-!-[9]+[10]411] 48811'
0



^(

Air

1'

trA

s.

A. Mortgage interest rate :V10-_,

B. Auxiliary fuel inflaT,Icr. rat,. :7100

. C: General infltion rate /110
. ,

[1] [2] [3] '., [4] [51

489

LIFE CYCLE COST ANALYSIS('
GASH FLOW

Collector area
Solar fraction of total load %/100- 'Down ''Payment S

(use worksheet TA-2)

[6] [7] [8]

ft 2

Worksheet LCA-2

System Cost S

[9] [10] [12.]

r - Annuel ;

1Year Mortgage'
Payment

Year , Frac, of -Interest , Au
VUlel aryl Property

L-ef.t on' tMortgage.1
Paid

tgage,
rnt

:sr,

est

Tax
Mor Colt

.,-

i

i-Operating
frisuranCel

Cost
.

. =

. 1

Mainten nce
Cost

i

Income

Tax ,

Savings

Expense
with

Solar

, 7
2 1

..
, '

! 3- 1

,

4 .
. - 0

,-:
.

A
..

i

4

I 5
- L _ % .

t6 . 4 ,
, 7 .1 4 i %

_______, ,

8
'1

' 1 .

...

.
. ,

.

1
. ,

9
,

.

,
.

10 ww.
1

1

.

.

- ,
,

12 '

. . , .

.

,

- .

.,

15= .

,.....

.-

. .

., .'
, .

T8
. . .

.

' 19. ' _ --------....

.

20
.

. ----=-------'--7------.

i 1-

[2] Annua1 mortgage payment from LCA-1, line N
[4] See Figure-15-5

-[5] Column 12] x column [4]'
i6] First year cost from worksie.et LCA-Y:

(C) x (1- E) X (1/41.U;

Second and future years:
(first yedr cost) x (1 + fuel inflation rate)

[7] See libe P, worksheetLCA-1

t

. I . 1
',;

[81See 1 i rt,e R, worksheet LO-1' .

[9] First year cost see Line S, iziorksheet' LC4-1

Second and future :years: ' .

(Previous ,year*st): x (1 4:fuel inflation rate)

[10] First year.cost "e6'%Tine T,woksheet LER-1. ,

Second and future 'teais-5:. . - .-

,

. (previnifis year foS,t) ( 1 4- genera} inflatiS\n-rate)

[11 ] Coltuinti [5] x (Q.3, wOT' heett LCA--1) ,

[12] bownpaymen-C 4- [2]-+[6]+, ]+[81+[9]+[10]-[1,1]. 490
4

,
4, .



Worksheet LCA2

LIFE-CYCLE COST ANALYSIS
CASH ,FLOW

0

lip v

A. Mortgage .interest rate
.

% /100 OO Collector area ft2 System 'Cost $ '

i3. Auxiliary fuel Inflation rate %/100 Solar fraction of total load- , . %POO *' Down Payment $

C. General 'inflation, rate %/100 , (use worksheet TA-21
, ..

[10][1] [2] ' [3] [4] [5] .[6] [7] [8] 2[9] [11] [123

I

YeariMortgage'
1

,
['Payment

.

Annual-, 1 Years 1Frac. of

Left' or, :",ortgage

"Mortgage as
Tn`ere3t

. ..

Interest
;paid .

Auxiliary
%

Fuel

, Cost

Property
t Tax

Insurance.

.

'\

-, .
Operating

Cost
..

,

Maintenance

..

Cost

Income

Tax

Savings

Expense
with

Solar

1 1
. . '. : -

[ 2 I . 1 ,.- 1,
.

, I .--

.

$. ,v
. . , .

.
.

.
,,

.4 r . i
5. 1

i
. .

. . . ...
. , .

. 6 1 ! '.. - 1 ' 'a .

7 : - -
1-

.i8. . 4--
r4 -.

. 4 .
. .

..
I

.9, ., - 1

. .

_
. 4-

1) i 1
I -

.
.. _

- . , . .
.11

.7.1-r-..
.

.
II. 1

.
.

. .
.--

1

4 .. .-- . .

13 , .t, , Y . ..-

L-14
.

.
a

. ., . .

16 1 '. . . ,
.

/
,

. ". . .
,.., .

.17' : , 1,
L

.

;,1 8 - . . i - , r 4I ,,. 4% '
.

.

19 l' .
, s .., . .,..

. / . .
.

20 . .1
.. .

-
. . .

[2] Annual mortgage payment, from LCA-1, line N,
[4] See Figure 15=5 ,-, ,,

. )

-,

[5] Column [2] x column [4] , - .

[6] 'Fi rst year cost 'fr;ro worksheet L A.-1':,
(C) x (1 - E), X.(J:?,)

,...

.. s,
4.

Second and, fiit,u'r-e.years: ". 6 S

..

\ (first yeat' costl,x (1 + fuel inflat4on, rate)

491 [7] See line P. worksheet LCA-1 ;1 .

.,, , 'i
.

a-

'.
7

[8] See line R, ,worksheet LCA-1

[9] First year- cost see line S, worksheet LCA-1
Second and future'years:-

6,
(previous yeaccosf) x (1 i-',fuel inflation rate)

[10] First Year cost,see'line T,: worksheet LCA-1,
Secbri'd and future years,:

(previous year cost) x (1 4-general atiprrrate)

[1I] Column DI x (-Q.3, worksheet ECA-1)
[12] Downpayment [2]+[6]+[44-[-8]+[9]+[101-(11].

492



J.

.5-

A. Mortgage interest rate
8. Auxiliary fuel infla.tion rate

C. General inflation rate

[1] [2]' [3] [4]

.

LIFE CYCLE, COST ANALYSIS'

Yorksheet LCA-2

I

CASH FLOW .

%/160 'Collector area ft2 System Cbst $

%/160 'Solar frasction of total load %/100 Down Payment S

%/100 (use worksheet TA -2')'

[5] [61 , [7] .
[8] [9j ,C10] , [11] [121

1 Ann 121
i

Year,Mortgage
. i Pawent

Years 1 Frac . of

Lef.t. on 'Mortgage

tlor tgeje! at
Interest

Interes

Paid:

Auxiliary
Fuel

Cost

Property
Tax

Insurance
Operating
Cost

-
,

Maintenance
Cost

Income

Tax

Savings.

Exp&se
with

Solar

1

t .

2 ,

3 t I
.

,

5
.

6 I

9
t

11

12.' ,

,

1.3,
.

.14 1 I i
y

.

15
.

16[

18 e

.
,

[2] Annual mortgage payment from LCA-1, line N

[4] .$ee Figure 1;525

[5] Column [2].x column [41
[6] First Year Cost, from worksheet LCA -1:

(C) x (1- E)X(J,1)-
Second and future years:
(first year cost) x (1 + fuel inflation rate)

4192 [7) See line Ps-worksheet LCA-1

r

'[8] See line R, worksheet LCA-1

[9] First yepi. cost see line S, worksheet,LCM.
Second and future years;
(previous year cost) x (1 + fuel inflati ri rate)

[10] First year cost see Mule T, worksheet LCA-1

.

Second and future years:,
(previous year cost).x (1 + general inflation rate)

[11] Column [5] x Q.3, worksheet LCA-1) \

6[12] Downpayment + [2]+[6]+[7]+[p]+[91+[10]-[ ]
493



-4

A. /Fuel inflation ,rate (% /100)

10 [1] [2] [3] ,[4]

LIFE CYCLE 'c0ST ANALYSIS

ECONOMIC SUMMARY

[5] .,E6] [7] [8]

Worksheet'LCA-3

[9] [10] . [11].

Yea e

NON-SOLAR? SYSTEM

. .

Fuel Plus

Operating Expense

-
SOLAR SYSTEM

Collector area ft2 Col ) ector area ft2 Collector Area ft2

Expense
with Sol ar

from LCA-2

Savings
with Solar
[2] - [3]

Cumul .

Savings
with,Solar

Expense
with Sol ar

from LCA-2

Savings
with Sol ar

[2] - [3]

Cumul .

Savings

with Solar

Expense
with Solar
from LCA-2

Saxings
with Solar'

[2] 1. [3]

Cumul .

Savings
with Solar

.

2

3

4
;

6
.

7

8 , ,
,

9

10 's

11

12 --
,-7-. -....7.13

''
.

1'

15

16 .

4

[

18 r
-

.

19
i 20 \

[2] First year cost, see 1 i0 W of worksheet LCA-1
Second and future .year:

(previous year cost) x (1 + fuWinfilation rate)

494
[[3] Column [12], worksheet tCA-2
4j Column [2] - column [3]

[6] Col umn '[12] , worksheet LCA-2
[7] Col umri*[2] - column [6]

.

[9] Col umn [12] , works *ieet LCA-2

[10] Column [2] - column [9]
4964



4

A. Fuel infla.tion

[1] . DJ

'v.

ur

t

"

rate , (t/100)

LIFE _CYCLE COST ANALYSIS
ECONOMIC SUMMARY

[3], [4] [5] , [`6] [7]

a

[8]

. Worksheet LCA-3

,

[9] [10]

,

[11.]

Year-

NON-SOLAR' SYSTEM

...Fuel Plus

Operating Expense.

- , .. . A

SOLAR SYSTEM . -
. ,

Col lector area f -z Collector area ftz : ' Col lector Area ft-2,

Expense-
with Solar

from LCA-2

Savings
with Solar

[2] - [3]

Cumu .

Savi gs

with Solar

Expense
with Solaryii

froM LC6-21.2.1,

Savings
th Solar

- [3]

Cumil .

Savings
with Solar

Expense
with Solar
from LCA-2

00

Savings
with Sofar

[2] - [3]

Cumul .

Savings

wi th Solar_

,-4 . . . .
. ,

2
. t .- ,

. .
, .

,

( , *
-2-

. - 1 .
.

, - V
. . .

; ' . - .

6- . r - , _

,
.

7 /-
..

.
.

,
. . -.

.

a ' r a

.
.

10 ,

.

e
.

. . .

11
- .

'
, ,,

.

1
,

I . .

. .

.
,

14 '\ .

15 . . .,_ ,..

16 -
.

17
,

,
. .

.
, -

.

..

18

..

..-----
19

. ...

20
, .

[2] First yedr cost, see tine W of worksheet LCA-1

Second and future .year: .:

(previous year cost) x (1 + fuel inflatilon rate)

[3] Column [12], worksti9et LCA-2
[4j Column [2] - column [3]

+.#

[6] Cdiumn [12], worksheet LCA-2
[7] Column [2] - column [6]
[9] 'Column [12]; worksheet LCA-2

[10] Column [2] - column [9]

k
497
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SOLAR SYSTEM S1 ZE

Type of System

WORKSHEET TA-3

vv.

B. Ecommical Collector Area
ft

2

0
C. - 'Collector PO t%

U. Collector 'Fluid Flow Rate:

1. Ai r System (1.5 to.2 cfm/ft2 col lector)

,Liquid System (0,02 gpm /ft2 collector)

E. Pumps: Liquid Sysn

c,

degrees

. cfm
,.

gpm

AN.

1. Col lecror loop flow rate (D.2) gpm4 Head . ft

2. Storap6e loop flow rate (1 .5 x E.1) '
,

gpm
'Head ft'-. ,

3. Service water prelleater -3 "- gpm
Head 2-3.

4. Heat distribution coil (depends gpm
upon heat del i very 'rate) Head . ft

F. Blowers: Air System

1. Collector loop (D'.1) cfm
Head 1-1 .5 in w.g.

2. Distribution blower (prOvi'ded . 1 r".
cfm,-

with furnace) Heart in- w.g.
..--

$ v.. 3. One blower system (D.1 ) ' . cfm .,,,,._
.

, Head' 1-1 .5 in w.c).'
.

. ,
9

G. Storage,f

1 . Liquid system B x 2.0 ,gal loils/ft2
- col lector

Ai r.sys tem B x 1/2 it3/fta,corlector

(a) Pebble size (1-in.sceened
concrete aggregate)

(b) Crosszsection area (DA 1 20)
(c') Rock .depth .1 G.2. b)

ti

gal .

f

'
-

ft
2

:H. Hat Exchangers: . ..

.

f Consult heat exchanger manufacturer

. 0

8 fr'
1

,



L

SOLAR SYSTEM 'SI ZE

A.- Type of System

B. Economi91 Collector Area

C. Col lector Tilt

D. Collector Fluid Flow Rate:

WORKSHEET TA-3

r\

ft
2

:degrees

1.. Air System (1,5 to, 2 cfm/ft2 'col 1 eCtor) cfm

2. Liquid System (0.02 giltn/ft2 col lector)
-

E. Pur,iip: Liquid System,
*0.

gpm

1-. ;Col/rector loop flow rate (D.2) 1 gpm

7 Had ft
. .
'2.. Story loop flow rate (1 .5 x E'.1) , gPin

.
Head q ft4 tf

3. Service water preheater

4. Heat distribution coil (d.enends
upon heat del ivery rate)

F. Blowers: -Air System

1. ,Collector loop (D.1)

3 gpm
Head- 2-3 ft

Mead
gpm
ft

cfm
Head 1 -1.5 in w..

2,. Djstribution blower "(provided cfm
vi tti furnace) Head in -w. g.

3 . , One- blower system' (D.1 )s , cfm
.. Head ., 1-1 .5 in w.-g.

.

G. Storage:

1 . Liqqid system B>: gal Ions /ft? gal

col 1 ector

2. Afr system .0 x 1/2 ft3/ft2 col 1 ec,tbr

(A) Pebble size (1-in, screened
.concrete aggregate)

b) Cross-section area (0.1 20)`

(c) Rock depth --(G.2 G.2.b)

is Heat Exchangers: -

c'onsuft heat exchanger manufacturer

.:499
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P
INTRODUCTION

Rising energy prices is aAtrong incentive to reduce energy consump-

tionland a way to conserve energy in,buildings is to reduce heat losses.

'_There are marl wayS this can* done, the most direct being,to provide

more insulation in walls-and ceilings of new buildings{, redice window

--.area, and use double pane windovh andjstorm doors. While these energy

conserving measures are d5TOus, there are physical and.economic limits

beyond which energy conserving measure4k.are not effective. This
,

module concert's tIo' cost effectiveness of-practical energy conservation

measures-4n residential buildings :t(lat provide economic returns on

4 invested capital,

N

'OBJECTIVE

11,

1 +

The objective of the.trainee is to recognize'the merits of specific

-energy conservation measures ,in;residential,buildings and their effect

4 on the economics of solar heating and cooling systems. At the end

, of this module the trainee should kno w'

e The amount of insulation that should be placed in-buildings;

walls and ceiling

2. The effectiveness of storm,wilidows, -dobrs and multiple glazing

,

to reduce heat losse
.

1

,

. 3, The effectiveness of lowering the ther ostat by two degrees,

in winter

4. The impact of energy conservation,mea ures on solar heating

and cooling systems:,

503
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ENERGY CONSERVATION MEASURES /.

J

COVERALL HOUSE DESIGN

The arrangement and orientation of a house can strongly influence

the energy requirements of,the house. For examp16, changing the shape
,

of a house can change the heat 'loss rate. A one-story house with outside.

dimensions Qf 32 x 50 feet can,have a heat loss rate as much.as 700 Btuh

t less than a house having dimensions of 25 x 64 feet, even th9ugh both

have the same floor. -area, wall insulation ,(R-11) and window area. A

reductjOn of wall height. from 8 feet to 7-1/2 feet for the 32 x 50 -

fgot house can result in a further reductionlf about 450 B An L,

T, or H shaped house requires more heating .energy:than a rect ngula:r,

hodse because of greater-Wall area for the same floor area. A 24 x 50

foot house with a 20 x 20 fOot L has the same floor area as the 32 x.50 7 .4

foot house but there can be a greater heat loss rate by asmuch as X000 Btuh.

Locating an unheated garage or a'blocking wall on he 'side of the

house toward the prevailing wind (usually the north or northwest) can

reduce the winter heating load when the wind is blowing;' A similar

.effect can be obtained by planting natural windbreaks. .A protected

entrance way to the building or an air lock entrance can also reduce

r
'energy needs.

WINDOWS AND DOORS

\ - ,

-N The window area for many houses is about 15% of the floor area.

\ If this can be reduced 'to 10%, there will be seduction in both initial °

glass cost and beat loss rate. . With double pane windows, heat

.losses can be reduced by as mu as 3000 Btuh. Re ction in window area

504
A ,
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.,..,--,

n be achieved by raising tne....silIheight Without tacriflOing the view' `
1 ,

N
, .. ,

. W itor lightillg. As much as 25 to 30 pftrcent of the heg,,loss.froni?peOlouse'
.} "4/ i s , . 4 ,

/ '

occurs through door and windows. The use of storm doo and wi4dows

will reduce this loss by 50 pkcent..

1 04,

34ALL CO4STRATION AND INSULATION

,
Walls constructed with 2 x 4 studs on 16-in centers, have space for

3 1/4inches of R-11 insulation. By 'framing the wall with 2 x 6 studs

24 Centers, insulation can be increased to R-19, With 40 percent

reduCtion in heat loss rate: New types of sheathing are available with,

an insulation value of R-5. In older homes where there 'is often no

wall insulation, mineral wool or similar material canbe blown in to

achieve an insulating value of about RL7.

Basementwalls that extend above grade can be insulated on the

intaelor surface by adding furrinstrips and insulation which can be

covered with gypsum board or plywood.. In moderate ofimites, 2 x 2 furring

strips with R-7 insulation is effectivelandin extremely cold climates,

2 x 4 furring strips with R-11 ;insulation may We considered.

FLOOR INSULATION

Floors over unvented crawlspace.should be,insulated along the

perimeter walls of -the crawlspace.. Vapor barritr, on the ground'will:

also help to reduce heat losses to the ground. If thi crawlspace
j

is

vepted, insulation should be installed betweed the jOists. 'Pipes and.

diJOts passing below the floor should be insulated,as the hqat should be

con erved i.n delivery and the heat lotifrom the pipe or duct will not

be u eful for heating the enclosure.

so

505 A.



CEILING INSULATION

17-4

4

Ceiling insulation to R-30 can easily 1.4 attained and is recommended.

The minimum insulation should be to R-19.

INFILTRATION REDUCTION

Ihfiltration of air accounts' for half or more of the total heat

losses,from a building and can be reduced markedly by sealing, caulking'

',Id insulating the end plates of the floor joists on the basement walls,

around door and window frames and at intersections of walls. The holes

' around pipes, ducts and wires where they pass thropgh walls and ceilings
4

should be caulked and insulated.

Other ways to redOce infiltration include use of tightly closing

flaps on exhaust vents, desigri fireplaces to drag outside air for

combOstion, or better still, eliminate firePlaces.--

If a building is heated uniformly indoors to 70 °F, reducing the-

thermostat setting to 68 °F-can reduce the heat losses by,as much as

2 to 3 percent, depending upon the location. For a building with a heat

loss rate of 50,000 Btuh, this can mean a teduction of abbut 1000.13tuh.

r.

EFFECTIVENESS OF ENERGY CONSRVATION MEASURES
., )

The effectiveness of energy conservation measures is illustrated

'through calculation of heat'losses 'for a moderate-sized.house as shown

in Figure 17 -1-. The hopse is a simple two-story building and is to be

located in a region where the winter heating degree-days is 6000t The

--'calculated heating loads for this example house are listed in Table 17-1

along with basic variations in insulation and Hypes of and windows.

The'design affibient, temperature is -10'°F and the indoor temperature is 68 °F.

1.
506
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FAMILY ROOM

16 X 14

GARAGE

21 X 14

GARAGE
DOOR

7X8

..e

17-5

BREAKFAST , KITCHEN DINING ROO M

LAUND.11

Q4

1

LIVING ROOM -

'20 X 12

iz>

30'

el
BATH

0 163

BATH

BEDROOM

14 :X 14

BEDROOM BEDROOM
10 X 10 15 X 10°

I N

30'

Sq. Ft.

Ceiling Area 1621

Wall Area 2335

Wiridow Areas:. North 45

West' 50.5

Door Area

Roof Area

South 100

'-

East 0'

195.5

98

1793

re

Figure 1.7:1. Example House .
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Table 17-1. Calculated Heat-Loss-Rates for
the Example HoUse (Figure 17-1)

WALL - CEILING. g.

INSULATION INSULATION DOORS

1 R -0

2 R-0

3 R -0

4 ' R-0

5 R-0

6' R-,0

7 R-0

8 R-0.

9 R-0

S.-

"12 R-7

R-7

Solidwood

. 1..5, in.

olidwood
1.5 in.

WINDOWk

Single4lass
100% glass

-Single glass
80% glass

R-7 _...5olidwoUd Single glass

'. -2.0 in. . 80%. glass
. --,,-

A1-7 Storm metal Single glass

& 1.5 in. 80% - -glass

0. Solidwood /

R-7

R-7

-R-7,

R-7

R-7

Solidwood
1.5

Solidwuod
2.0 in. '

Storm metal
Ai 1.5 in.

Solidwood

Solidwood
1.5 in.

Storm metal
& 2.11 in.

Solidwood

Solidwood
1.5 In.

Solidwooti

1.5 in.

Storm metal
& 1.5 in.

Soltdwood

Double insulating
---Double glass 80%

3/16 in. air space

Double insulating
Double glass 80%
3/16 in. air space

Dodble glass 80%
-Double insulating

_3/16 in. air space

Triple insulating.
Triple glass 80% ,
1/2 in. air space

Triple insulation
glass- 80%

1/2 in: air space

Single-glass
100% glass

Double insulating
Double glass 80%
3/16 in. air space

Triple insula

. Triple.iglass,80%
1/2 3n. air spate

a

BTUH
HEAT LOSS

6,846

87,234

87,t

86,989

82,077

81,916

81,832

77,605

77,229

66,636

59,867

55,149

13 R-7 R-11 "Solidwood
1.5 in.

Single glass 62,500

80% glass

14- R-7 R-11 Storm metal
& 1.5 in.

Solidwood

508

Single glass

80% glass

62,255.
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Table 17-1 (continued

CEILING
LINE INSULATION INSULATION

15 R-7

16 R-7

17 R-7

21 R-11

22 R-11

'23 R-11

24' R-11

25. R-tI

ti

26 R-11

27

.4.1v.

1

41:11

R-11

R-11

R-11

R-11

R-11

R-11

.R-11

R-19

R-19.

R-19

R-19

R-19

R -19

DOORS

idwpod

1.5 in.

Storm metal
& 1.5in.
Solialwood

Storm metal
& 2.0'in.
Solidwood

Solidwood
1.5 in.

SiorM metal
& 1.5 in.
Solidwood

Storm metal
& 2.0 in.
Solidwood

Storm metal'

& 2.0 in.
Solidwood

.Solidwood

1.5 in.

Solidwood
1.5 .in.

Solidwood
1.5 in.

Solidwood
in, -

Storm metal

& 1.5 in.
Solidwood

Stormzmetal
81.2.0

Solidwood

509

NV.

WINDOWS
BIM
HEAT LOSS

Double insulation 57;343
Double glass 80%
3/16 in. ate-Space -,,,,

Double in lAing 57,102
Double glass 0%
3/16 in. air space

"Triple insulating' 52,496
Triple glass 80%
1/2 in. air space

Single glass
Double glass 80%
3/16 in. air space

Double insulating
Double glass 80%
3/16 in. air space

58,987

53,585

Double insulating 49025.
Single glass 80%
Emissivity = 0.2
172 in. air space

Triple insulating 48,983
Triple glass 80%,
1/2.in. air space

Single glass 58,233
100%, glass

Single glass 56,621
80% glass

Double insulating ,51,464-
Double glass 80%
'3/16 in air space

Double insulating 47,534
Sidigle glass 80%

Emissivity = 0.2
1/2 in. air space

Double insulating
Singe glass 80%
EmWri5ity 8Q%
1/2 in. air space

Triple insulating 46,616
Triple glass 80%
3/16 in. air space

,47,288
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Table 17-1i(continued)'

WALL CEILING
LINE INSULATION INSULATION DOORS WINDOWS' "HEAT LOSS

28 R-0 R-41 Wooden Door' Single glass 86,303

BTUH-

1.5 in,' '100% glass . .

29 R -0 R:19 Wooden' Door' Single glss .
83,915

1:5 in. 100% glass

30) R77 R-0- ,
Wooden Door Single glass 84,698

1.5 in. 100% glassY
f

'64,112,''
:. ;31 R-7 R-11- Wooden Door,

1.5 in.

32 R-7 R-19

33 R-11 -k-o

-34- R-11' R-7

35 R-11, R-11

36 R -19

37 R-19 R-7

r _
38

. 39

AO

41

Woodeh Door
,1.5

Wooden Door
1.5'in.

Wooden Door
1.5 in.

Single glass

100% glass

Singre glass
100% glass

Single glass,

100%

Single glass
1010,7; glass,

Wooden Door Single glass

1.5 in. 100% glass

Wooden Door * . Single glass

1.5 in. 100% glass

yooden Boor' Single glass
100% glass

Single glass
A00% glass

1.5 ih.

R-19 R-11 Wooden Door'

1.5 in.

R -19 R-19 Wooden Door
1.5 in.

R-0- R-0 Wooden Door

1.5 in. '

R-19 , R-40 Wood Storm' Doort

C

61,743

81,165

s 63,120

60,599

..77,74$

59,720

57,202

Single grass t 54,838

100% glass

Single glass 107,032

,100% glass .

Triple insulating 40,07c

.81 2.0 in. 1/2' in. air space

SolidwoOd Doors & Storm windows
60% glass-'wood sash

Total Window Area = 195.42 Sq. Ft.-

Total Door Area = 98 !Sq. Ft.

45.° Pitched Roof

No Basement

510.
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s_
_ Consider-that the Lasic design for the house includes R,-7 insulation

in the walls, R'-11 insulation abdve the ceiling, solid wood doors and

single glass windows. T4e basic design°conditiori is identified by

the box,in Table 17-1, (line 13), and the calculated heat load is 62,500'

Btu); for the desig6 conditibn.

REDUCTION IN'HEAT LOSS RATES

When a double-glazed window replaCes the single-glass window {line 15)

in the example house,, the heat loss rate reduces from 62,500 BtUh to

57,343 Btuh, which is a reduction' of 55160 Btuh. With double glazing andw.

increased ceiling insulation the heat loss rate reduces-further to

51,460 Btu for a'total reduction of HMO Btuh from the original

conditionoF ,Othpr energy conserving features can he compared from the_

tatiplated.valiles. The cost-effectiveness of the energy conservation;

measure is dependent upon energy cost, rate of energy cast increase,
'

interett and terms:of.the loan for money borrowed t9 implerjht the energy

conserving measure, property tax iany, increase in annual insurance

premium'and savings on income tSxes.

, . .

ENERGY CONSERVATION COST AND SAVINGS
. ,

,

The methodology_,for determining the cost and benefit's from investments
.

made in energy conservation loctices is presented."pting the example
;

building, suppose that the ceiling insulation thfckness,q increased feom

3 1/2 inches to 6 inches, changing the k factor from 0-11.to R-19, and
.

the'wall insulatiis increased fromt-7 to R-11. This results in

reductiom,of heat loss rate from 62,500 Btuh (line 13, Table 17-1) to

56,621'Btuh (line 23), or 5879 Btuh, (say 5900 Btuh).
1,

.

t

44.
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The rbductioNin heat loss' rite will-mean a reduction in onsu tion

of energy. ,The amount of energy saving is determined as,. 411 o w s : The
4,

design heating temperature, difference i s:

411.

.10

STD = 68°R.- (-10°F). = 78°F;"e-

the design heaload fol.- the baseAsi,gn is 62,500 Btu pqrW)ur. ,The heat

re-quit* t. for degree-day is:nt'for

....4

62,500
....

x 24 = 19,300 Btu/DD.
78

111

The reduction heat' loss rate because of the added IhsulatiOn is (62,5Q0

56,621)rx 24/78 = 5879 x'24/78 = 1809 BMtihr DD. For a-heating seasonwith
Stab/

6240 DD, the savings in energy is:

.
From Figure 15:2, with electric ,resistance 'heat* at 3/t/kW/i,' the heating

. 1809 x 6240 = 11.amBtu.

. 't?'

V

cost is $8.80.mBtue.' Thieannual dollar tavings is:

$8.80
mBtu

X 11,3 mBtu = $100.. -0,1111
..

0 . .
. . .

ThA-etota coit'bf insolatjon to effect: a sav'ent- of $100 annually in heat . .. ,

costs is detenilined a foliovisT lit extra ceilinginsulatioh of 3 inchs' is... . ,
T " 42 * 4 =about $0.09/ft ,tincltidi g instal -ration, or 0.09 x 1E21 11.46 '(see Figure 17-1. .

4

Q

. . , ,.

for ceiling' area); and for the walls, the added costs are about $0.05/ft2;
* A

a

or .05.x 2,3,36 = $117. The Vital '.added cost for insulaVion is about. $263.
, .. .

lthough in this example it is readily seen that with,$100 annual energy
, s. ,. L.

-- .. 9; & . 0

C6s't s5i/jrf0-, the added.$263,Cost for insulatfon is_returned thrid,gh fuel*.
.

year?,savings in le s than three yearT, we will continue throughwith ,this.-example
, , v.

,. I

toillustrate 'the economic analysis. Let, us assume tit the money for* . --.
. - . . . ,,i, . . *

.N....V 4'
I ; 1 0

..

ti -1.
4. :OP

"--,
/ .

,

o . -^r e
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insulating was borrowed at seven-percent interest and 15-year 16an.-' The 1
. . v

.annual repayment' factor- from Figure 154 is 0.11,,so that the mortgage
,-

,

payment on the loan is

t

4

Annual Mortgage Payment = 0.11 x 263.= $29 /yr 4

' In addition to the mortgage, -there are property tax 'and insurance

to be ,pai91 at an annual rate of, say; 1%5 percent of, the added cost

.,
or, 0.015 x 2_f 3 = $4/year, and there are savings on income taxes

for, interest paid. Although the credit will-"dWipe, annually and is, A
. ,

dependent upon, thi income Jere, of mtowner,
.

assume that the' savings 'on

Vi-'

- c oe, r ,

"inokifte taxes 'balance the amount for` p rty tax arid insurance,
N * IIto

..:
...

The ratio of annual savings to annual 'cost is then:

:Savings Factor (SF)
$100._ .3.4

4
If, the energy cost:increases the.'savi nglis-factor wi 11 increase.

-,_ .) ,

While in this- example the ratio ,of the behefit in annual savings
',...

-

, .. to cost of the added. i,nplation is lar-ge, thegesare some energyenergy`'

; ft
. ,- Iffl

,a 1

J
conservation` ores where the benefit/cost ratiO.:May be less than, one.

Obuiously kuc`h energy conservaon measures shauld set' ig!p_implemertted.
*

.
,

, . , A

ENERGY,SONSERVAV41 AND SOLAR SYSTEMS,.

- .
..

. - .; ,
To determine the

.
,effe6t of energy',conserya loll, ir-, .solai._ system size,

9

an economic analytis must be made on the basis' f .smaller annual

4,, .

heating.lopd,using the/procedure disdussed 'in odule 15.,, We Will use the - I"

, .

example house in Figure 17-1 "and jonsider the AFec't of energy conservation
-' t

. .

with a simplified economic analysis: With R-,7 insulation ii the walls , ,

. .

'
41,
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and R-11,insulation'in the ceiling, the heat load is 19,230 Btu/DD.

17-1i

'With^6240:DD during theheating season, the total h

the season i$:

7

t required du-ring

-16

1-9,230
DD

x 6240 OD = 120 mBtu.

A sOiar air heating system with 508 square feet of collector can be

'teasonably expected to provide 70 percent of the heating load for the

,assumed location. ;Thus, the initial,cbst with 24/ft.
2

installed collector

area will be $12,000. Assume tilat a 20-year loan is secured at 8

: percent interest with 0
20 percent(down payment.

The annual mortgage paymient on' the $9,600 loan is (.102 x 9600)$979/yr.

The annual operating cost for the sola system is $60 with electri6ity

at 4t/kWh. The balance.of the heat lkad must be provided by electricity

, 4k

at or 11.85 per m Btu, and $427,annually to provide the

auifliary heat wi.th,the-solar system:

. 120 m Btu x (1-0.7) x $11.'85 $427/yr.
m Btu

-& - -
. y .

.
*6: ...

Thus the first'year cost for solar plus auxiliary electric heat is $3866

/
with the-downpayment and $1466 withgut the downpayment. 'Maintenance

0 1
k. cost, property tax and Ansurance are' assumed to be offset by income

-, , 'tax savings. A 6 pereent inflation rate es assumed.
,

With the added jnsulation, fheleat.loss rate reduces to'18,100 Btu

per,DD. 'flit-total heat load for a 6000 DD Season ls:

18100
Btu x 6000 DD = 108.6 m Btu.
DD.

There are two waysi) view the effect on the solar system. One is to

,

maintain Phe same collector area which will obvjouSli provide greater

percentageof soli Icontribution to total load and reduction in auxiliary

.

.

.
. , . .-.

e

514-

(.1
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energy, and the other is to reOce the collector area to provide about

.

the same fraction of the total load as befdre, i.e., 70 percent.

NO REDUCTION INtOLLECTbR AREA:
,

Wi'ph, no rgductpn in collector area, there should resUlt a reduction
Y

l'in
.
auxiliary fuel ,consumption by 11.4 m Btu. With aaxiiiary energy

cost at $11.85/m Btu, the total:cost of auxiliary energy is:

[$.427 - (11'.85 x 11.4)] = $291.

. .

The annual cost:for the energy conservation measure-is $29 which must

be added to the annual solar and auxiliary,,energy costs. Thus, the

annual costs are:-

,Solar System.

Operating Cost
s

,

,Auxiliary,Energy,Cuft.

Ei hergy Con"on Cost

Total-'Annual $3759

First 'Year

with
Downpayment

3379
. .

60,

291

pm

First Year
4fithout ri

Downpayment I

$ 979

60

291

29.

.$1359

The total annual cost with the4fnergy.conservation measure' is less than
).

the cost to heat Oft house with the original deSign by i167/year.

.

, 4 I

REDUCED COLLECTOR AREA .

With.reductidn

reduce coltlector4area
4

eaeOseadby 11.4 m Btu, it should be possible to
,

-.

to 450 and maintain 70.pc-cent of tbe annual
Ai,

loa'd. The costs are as fol 1;ws:

4
a
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.44

Solar System Cost ($24- x450 ft2)

Annual Mortgage Payment

Operating Cpst

Auxiliary nergy'Cost
(108.6 x Q.3 x 11.85)

DownRayment

$10800

$2160 .

I; $881

54

.386

Energy Conservation Cost 29

FIRST YEAR COST WITH ROWNPAYMENT $3510

FIRST YEAR'COSTWITHOUT DOWNPAYMENT $1350
lit

:Comparison of the annual.costs indicates the 'reduction of collector

area il,l reduce the first year cost wit"h;downpayment by $249, and-
,

by $9, not including the downpayment. A summary of costs far solar.

and non -solar systems is presented in Table 17-2 with an inflation rate

of 6 percent applied. b ,

The comparisons after 15 yearsfor savings with conservation, in a

non-solar.system indicate that as much as $2500 might be realized by

simply adding insulation .at the time of.initial house construction, In

this example, there is a'difference of $2700 after 15, years between a

solar system with and without energy conservation measures' The difference

clearly indicates that energy conservation witta_9olar system is economically
,

advantageous.

4

10/
to411'516',

P
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,

Tdbfe °Annuaie .Cost for Heating.the
n' I

amp e'Rouse - 1:

_Based 'on 4t/kWh Electricity nd Inflatio

''''Itate'lSee text of module for com utatien

/

4
.

.

NON 750CAR SYSTEM -/ SOLAR SYSTEM'

YEAR

NO

CONSERVATION

WITH ''

CONSERVATION

NO'

CONSERVATION
A = 500 .ft2

WITH,

CONSERVATION
A = 500 j t2'

WIT

CONSERVATION
A = 450 ft2

1

2

3

4

'5

6

7

.8

9

10

11

'12

13

14

15

, .

$1422

1507

1598,

1694

1795

1903 i

2017 416/

2138 /

2266/

2402

'fl2547

2699

2861

3033
&

3215

,

-

$1314

X393

/1476

1565

1659-

1758.4.

1864

1976

2094

2220,

2353

2494

2644

2803

2974

...

$3866

1495

1526

1559

1594

1.631

1670

1711

1755

1802

1351

1903

1959

2018

2080.

$3759

1380

1402

1426

1451

14781

1506

1536

1567

1601

1637

1674'\

1714

1757

1802

\:'!

$3510

1376

1404

1434

1465,

1499

1534)

15721

1614:

1653

1698

1405

!,95

1848

.1904

TOTALS $3197 $30584 $28420, ,$25690 $26048

Summary of Savings

Non Solar - No Conservation $33097

Non Solar - With Conservation 30584

Savings with conservation $2513

Solar - NO conservation )
$28420

Solar - With Conservation 25690

5avingswith Conservation $ 273.0

4
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INTRODUCTION-

-

Retrofit in theyreSent context means the adaptation of solar-

systems to existing buildings. 'There are many owners of re'sidential

buildings whop re-experiencing rising costs for heating, and consequently,

a stronpinterest is 1eveloping in retrofitting solar systems to*sting

structures. Solar'system desighs for existing buildings are fundamentally

the Sam as for new 'buildings. However, there are many factors concerning

installation that need to be considered in retrofitting; factors that
0

are not involved in new construction. These factors relate to the /

structural and mechanical features of existing buiTdings and to the.

cost of installation. Each installation is a special case and generali-

.zations of problems ant difficult. At this stage in development (1976),

there have riot been Many retrofit installations of solar heatinpand cooling

systems for residential buildings,

OBJECTIVE

.,/t

The objective of this module is to Airect the attention Of trainees,

to some of the typical problems that could be encountered in retrofit

installations.

GENERAL CONSIDERATIONS

V.%

INSULATING EXISTING BUILDINGS
. .

Although tnsufating a building is not strictly a feature of solar
,

.... ..

. .

energy systems, it was shown in Module17 that there is a significant

impact on'solar systems with, energy conservation designs in buildings.

521.
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4

Many existing residential buildings have little or no insulation in the

wall's and ceiljpgs and the heat loss rate is therefore large. If a

-solar system. is contemplated, an initial step is to insulate the building.

If the cost foradeguately insulating the building is high, an

economic analysis to determine benefits and cost is recommended.

'TREES AND LANDSCAPE

,,The availability of sunshine for the particular building is of

prime importance. There are many existing residential buildings, that

have been landscaped generously with trees fof. the specific purpose of

shading the building and at least some of-the trees will have to be

removed: Although solar radiation will filter through .leaf -less branches -

of deciduous trees during the winter, the reduction in useful sunshine

could greatly affect the system size and performance. An alternative

to removal is to reduce the_height, but this will ite an annual or

0
periodic maintenance cost that is chargeable to the solar system.

There are many locations where buildings on hillsides are shaded

by neighboringtructures. Solar systems for buildings that are in shadow

a portion of the day will necessitate an unusual orientation of the colleftors

with consegul/nt increase in collector area and.system Cost.

DOMESTIC HOT WATER SYSTEM .

Domestic hot water retrofit systems are being considered itz many

..- '
regions of the United States. The types and performance of solar hot

-water_systems that are approppiate.Lfor r4rofifinstallation are discussed

in detail in Module 7. There is 'no "basic difference in system configura-
_-

tion for new and retrofit construction. However, d ndinglon the' site,,

5 `42 2
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it may be necessary to situate the collectorsp.vay from the building. A

schematic arrangement to support collectors that are not mounted on the

house is shown in Figure 18-1. The system is applicable for non=freezing
sz

clithates. The hot Water line should be insulated however to reduce thermal

losses in transpqrt f'rOm_the preheat tank to the existing hot water tank.

No drains other than'the ones on the water tanks are n)eded for the 'system.

Manual valves are installed in the lines inside the house to isolate

the solar system from the conventional system.

A retrofit solar domestic hot water heater in freezing_ climates is

shown in Figure 18-2. In freezing climates, it is advisab)e to locate

the preheat tank inside the buil)ing. There will be greater line losses

in circulating water through the collector, and provisions for drainage

are.needed.

The simplest arrangement for retrofitting to electric resistance

hot water heaters is shown in Figure 18 =3. The system is discussed in

Module 7 and is a system that could be used. in non-free'z-fing climates.

.SPACE HEATING

_ -

There are several potential diffitulties ilivolved in.providing

retrofit solar space heating systems. These problems concern:

1. Collector location

2. Equipment location

3. Adaptation, to the'existing heating system.

COLLECTOR LOCATION

.

Collectors can be, advantageously mounted on the roof of new buildings
. .

if the weight of the collectors can be supported. Otherwise', collectors

523
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c.

COLD WATER

AIR INLET
FOR DRAINING COLD SUPPLY

CONNECTED FOR
CONVENTIONAL
WATER HEAT I NG

TO HOT. WATER
SERVICE

- EXISTING VJATER
HEATER

SOLAR T

. HEAT I UNIT

'Figure 18-1. Retrofit Solar Domestic Hot Water Heater,
Non-Freezing Climates

AIR
INLET
VALVE

COLD WATER

MANUAL VALVE

AUTCVAT I C VALVE.
SOLAR EX I ST I NG

. -11REHEAT WATER
TANK HEATER 1

-Figure 18-2. Retrofit Solar DoMestic Hot Water Heater,
Freezing Climates
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p

f

COLD MIXING
VALVE.

Figure 18-3 Direct Heating Pu,mp Circulation

will have to be supported on a separateostruciure on the ground. lih-lt*

xe
construction, the roof pitch is set at the desired collector tilt angle

to maximize the collection of solar energy for a particular orientation,

but in retrofit situations, the roof pitch normally is 5 on le or 22.6°

. from horizontal. This angle is too flat for solar collectors in most

vocations so a separate frame is needed to mount the collectors at -a,
?

more suitable angle. One possible arrangement'is shoWn in Figure 18-4:

The "add-on" appearance of the collectors and supports may be aesthetically
.

unsatisfactory to some home owners. When aesthetics govern, either.the

entire roof must be reconstructed` o blend'theilarchitecturally lith the,

building, or the collectors must be placed at ground level.' Removalland'

reconstruction are expensive and although there may be beneficial effects

in therenovatilqother than to"accommodate colleCtors, the costs' will

be chargeable* to the solar-system.
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NEW COLLECTOR
SUPPORT

v

apc.ISTTNG ROOF
110.

.Figure 18-4. ColleOtor Frame Supports-on Roof

,. ..
.

,,.
T-4'3. . I

i
iV

. i 0 A S 4 ,
4. 0 When collectors cannot be placed on the building roof, they must be

placed af.ground level and'preferably on the south' side adjacent to the4 46:
r A

builclingl Placing collectors at ground level offers. some advantages
e, ......., . ......,.- 4

and some disadvantages.' One advantage it lower pumping head. Another
.._

44 'is. that pip\ng aid dirctingi to the colleaor barks are easiej to install

than-in the:attic of an ex.it-ing building with a low-pitched roof..

.7";, Maintenance of collectors at ground level is easier. The disadvantages,/,
. ;.

....r . ° .. 0 - - 0
-are that th.cosllector array may"offer.hazards, to the occupants, and4 , ..,

4
. .

es and ducts are in -unheated areas Or exposed the, OutSideair.' Insu-
d

V

4, Iqtionaround pipes and ducts must,b"e* thick to 'reduce he'at. losses.
.- .

The.leat nof equipment needed for solar heating and cooling systems -
. ' may bfer diffi ltises for some retrofit installatiOns% The tiulkiest'

.
A

. - *k.
0

equip teat installed is the storage tank fo a hydronic
..;1' 4 ..,

,system ancka rock bed for' an, air system. The most ease cessItIle
....--- ,.,..

_., . .

, area in. the building'is at r nd floor levIl .1 However, ground ,floor.
-,.. , %,v . _., ,' .. _

t ;expenviVe*.comp ed to, comtkrable space in the basement or garage

4
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. . . ,
e . 1

.

. . iii
The fabrication of storage Arks ad rock, boxes. in basements,, or

. 9t

placing of rocks in storage,are restrictive activitits it retrofit .' .

. .

4instailatibns: he wills of rock "bd.estorage'cbnkeriners can, 4 fabricatedi
.

.4, .
. -

.

relatively easily, but fabricating tanks for, water4e could be moral'
. ..,

' 4
. .. ,,,,, -

.,

.
, li`-' .. , ,

- p
_

.,

difficult.. Tan s ma . e fabricated inGide by either welding bolting .
, t

"

$.

.
k Pr-

04*

. ,

.sections together, and if bolted tanks are used, neoprene orgbutyi rubber .

. Ae \ . ., .

Po
1 i ning is recommended to prevent Jeaks pom kilt- bol ted seams. / . ,

:

, .

a ;',

_ . .

. . ,,

.

Locating the storage tank or rock bed in the garage offeq the
.V...., , ` r

" ..
.

k

simplest ..instal4ation for retrofit.situations. Adaptation to the
Q

1

0 existing heating systeM.with the storage tank in the garage may require.'
: .

.

_ 'longer pipes and ducts than if 'storage were located insieNtfie bui4ling.
*

.

The biggest di'sadyaege with storage* located in the garage is that the 1

,
.

heat loss fromtstorige is not reoover'ed as us'eful heat in the building' -

,,..-

enclosure,. .. :
% --

.,h,:.

,' It is recommended that heat 4xMaangers and pumps be located close
4 -.N., .

..' p to the s'torage tantfor" hydronic systems .t min mize head losses:and;
a , ,

4. ;-.,
t . ,

? 4, economize oh space. The appurtffiant equipmen uch aS p s and heat
1

, . J

,, .....-/ .,
.

-
, .

exchangers will not-occdpx much space.. MaintenaYice.wil. also be facilititted
.

.. ,

a

if all' of the equipment is 1,ocated fn ones plade. (

I ,
. % .v

,- 7' ADAPTATION TO 'XISTINii HEATING EQUIPMENT

_,', -The solar heating and -cq,6ing disCussed 4n this mnual. are
.

for central air, distribution ,systems. Acia ation.of solaftsystemS to

r existoing buildings is l ikewise facilitated if a ce t distributionsysftM
,

% / -- -, _ .

axis. While baseboard heating sySiems are pr6valent in many none
, .

solar hyd lc Systems, flt-pl-ate collectOrswill not function well
*- ''. '

wit such systems. Fan coil units. -are recommended for such retrofit

installations.

.4 .
o$

0
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4

A difficulti.ifi adapting to an existing.air-heating system is

,illustrated in Figure 18-5. Usually, the blower is an integral part

. of a 'TheThe heating element, whether fuel -fired or electric,
. .

. *.

is coupled to the blower.. The .control'S must, be arranged so that the. bloWer

'is independent of the heat unit. Whether the blower'is after the heating

coil, As shown in Figure 18-5,,or before,it would not mattes., particularly

if the motor todrive the ower is. outside the duct. The location of

the water-io-air heating coil is depend-upon the exfsting duct

,°arrsngement.
.

.An air solar system migigt rranged as shown in Figure 18-6.
. . .

A two blower system is'most stOtab4e.for: retrofit installations. The
/iv

. .

existing blower will have to be decoupled from the heating element
4-

control as discussed befOre and the dampers shown in the figure will

1b

control the diffef.ent modes of operation.

.
e
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0

COLD AIR
RETURN

a ,
4

44i
%. 1

4.
I

1 ,

AIR HEATING I

.,, e''y =DUCT

4

ar"

2

6.

Figure

. SOLAR AIR .

COLLECTORS

I

1

1'
I.

4 4

(11

-

I

Lo 0 I
E,XISTINGV I.

I FURNACE I

L . J.--r --r
t .1

A ,:..HOT AIR TO
. L

BUILDING\ . .

EXISTING DUCTS.

18-5. Hydronic Solar System for 'Reti-ofit Installation

NEW CONSTRUCTION

EXISTING SYSTEM,'

MOTORIZED

DAMPERS

/ / , TO'

AIR

BUILDING'

'/ 1

I REMOVE,/ 1 ,i EXISTING

1

i ..REITJesiT :

I

(
,

.11%
e

l SECTION
1 . /\ III , /\ 1 /

I -
1

14

4 DOUBLE DAMPER

ROOM AIR
RETURN

Figure 18-6.. Mr-Heating Solar System for Retrofit Installation
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INTRQDUCTrON

aihr f

,

The cheduling of'sequentN1 and concurrent activitie9.for i,n3tal -

ling solar heating and/or cooling systems durin new home construction

depqnds upon the type of system to be ViSt4Ted. Undoubtedly, 'standard .

or simplifipTcritical path schedules are used only for larger construc-

tiori projects. NevertheitsS, two example schedul r constructing

typical homes will be followed in this. module to trace the sequences of

installing solar systems innew home construction. If attention is,not

given to the sequence of assembly, unnecessarily diffiCirli situatiON

1,

could'result, with consequent increase in the total costs for the build-

ing

N
46.

construction.

,

OBJECTIVE

The objective in this, module is to familiarize trainees with the

4 ; important sequenceli, for instal =lation of solar systerlis fn new.,home

construction:

CONSTRUCTION SCHEDULE FOR A TYPICAL HOME WITH
AN AIR-HEATING SOLAR SY4TEM-

PART 1, ROCK-BED STORE

The initial steps the construction of apme with:ah"air-heating

solar system are shown insFigure_19-1. The building cohtains,a basement

fn this example, and the principal solar system component included fn

this phase is &storage unit.located in the basement. The activities

concerning the pebble-bed storage unit are identified by heavy lines frqm

4 to 6, 6 to 8, 6 to 9, 9' to 11, and 10 to 11.

. X133

),

fe'

fit
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Permits

Fees

*-0
Engring

19 -2

Co

Insulate
Storage

fJ

Place

Structural Base fabricate TemperatuFe

for Storage - Container Sensors

Trench Pour

Site Excavate for . Concrete

Work Basement Footin9s Footings

I

1 I

Basement Fill

Wall Storage

Figure 19-1. Part 1 - Pebble-Bed Storage Fabrication'

.Floor Frame

Girders Floor
4

10.

A 4

The.structural base for the rock-becNtorage unit should be con- ,

structed during the foundation*work of the building. The concrete base

should be scheduled .for pouring along with the' concrete footings. If

the storage container walls are to be' concrete; the rock bed can be

located in.the corner of the basement to utilize common walls. If. the

. container is to be fabricated of wood, the walls end,insulakion can be

constructed prior to placquieritif the floor girders and joists.

The placement of temperature sensory for the control system and,

if desired, for monitoring purposes, is a simultaneous activity with

the filling of the rock bin. It is not"practical to install sensors

after the gravel Seen placed-in the bin.. IP

PART 2, COLLECTOR SUPPORTS

The support structure for'iolar"collector modules or panels may be

the vertical wall of the building or the roof trussed or rafters. The

scqedulei4n6figure:49)AassOmes the%colleCtors-nre to be placed on the

roof, but may be- revised as necessary for attachment to the external

'wall. The,s0acing between roof trusses, Or will stUdi, should:be ,

convenient for the type of collector to be' used in the-solar system. *to.

Ilboaro'
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tit

Fabrfrcate
Coi lec
Supports

Frame
Flo Subfl oor

Frame and
Sheathe
External,

M al l s

Set Roof
Trusses Slgiathe

Rafters Roof
Roof
Felt

Figure 19 Part 2 - Collector Support Construction

.

Unnecessary consumption of time in mountinlcollectoi-s can be avoidedi

with forethought given t convenient placement of.purlins and nalirs.

-There musf_be space provided for manifold air duets which will cross the
K

roof trusses. 7FIC;7G3Ttruses'should be made up of cross - pieces that

will support theducts.
.

The manifoldwhich del ivers air frolli the collector to storageis

0 A

.with the roofing and flashing. The collectors, in most instances, will

replace the r'bofing, and Should'be rendered, water -tight with cap strips '.

usually installed near the ridge of the roof. There should be sufficieRt

space available to facilitate duct installations. Supports for collectors
'1

on flatoofs can be an integral part of.the rafters, or the collector-

supports-can be mounted above the finished roof.
o

41)

PART 3, 4NS1ALLATION OF COLLECTORS, PIPING,
AND CONTROL PANEL

Installation of collector modules carp be scheduled simultaneously

ti.ieen collgtor modules and flashing along the top, bottOm, and sides

liOt
,...

. .

of
.

of the, collector array.

For heavy-collector modules, a mechanical hoist such as a fork lift

may be needed for installation. AlthOugh detailed instructions maybe

,died

1
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-Roofing And klashinq

'I Fram

Roof- 1 Intern 1 Rqugh Plumbing BAsement Back

Felt p Partiti n PTumbing Leak-Test Slab Base

Place Collectors on Support Structure
Control Sensor in Collector

3
:4.

Heat
Exchanger
Piping

11

K;)

.Rough
Elec-
tricity

Central
Control
Panel

Exterior Windows
and Doors

Figure 19-3. Part 3 Collector, Heat Exchanger, and

Control Panel Installation

provided by the manufacturer for assembly-of collector modules, consider-
O

able attention should be given to effect air-tight joints at all duct

connections. Air leakage into the ;collector array can cause loss of

heat from the system.

Piping to the air-water heat exchanger may-be scheduled with ttie

other building Pldmbing. All pipes should be leak-tested along with the

other -Pipe joints.

If to ke control panel for the solar system is a separate unit, the

411

installation canbe scheduled wi 'th the-other-rough electrical work.

The control panel should be-located close to the solar system for con-
.

venience:

1
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:PART 4, INSULATION

Insulationon piping and ducts can be applied following leek-tests.

Insulation should cover valves'as well as the piping. Loosely Wrapped

insulation may allow air circulation and therefore is note effective, but

tightly wrappy insulation reduces the thickness, withou

conductivity, ands therefore poor -practice. All ducts and pipes,

whethet they are flexible or rigid, should-be insulated.

decreasing

-\

Rough Q Leak-Test
Sheet Collector

(-)1()Ld1 Loop

1 1

ICollectorandi
(Heat Transport]

(Ducts,

°dopers
Blowers, Heat LLeak-Test
Excrdnger of Ducting

Piping
Installation
and,

pInspection,

I . I

)
Heat

1

Trarisfer -Duct!

'Insulation and
Inspection,

PP

1.

I

611ector Duct'
I

'Insulation and

(i)Inspectign

Ins lation

I

1

lious

Exterior Windows and Doors

r

Auxiliary
'Furnace

Installatio

Exeflial siding .

Figure 19,4. Part 4 - Application of Insulation
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PART 5, PREHEAT TANKANSTALLATION

After the intet:lor'of the building has been- completed, 'the. preheat'

tank and domestic hot water tank can be installed and the Plumbing.

finished.. Insulation around the piping is recommended to reduce heat

losses. While the appliances are being installed, the electrical work

can also be completed.

Drywall Finish

or Plaster , Flooring

43 45

Siding

.Cabinets Preheat

and _ Tank-

Vanities DHW' Tank

Install

Appliances

Interior
Finish I Finish-

Carpentry Plumbing

Interior Finish 1

Decoration
54 55

Trim '

External fisel-nal ,Gutters and External

Rainy

Final' Grade

Downs outs Concrete and Candscipe

Figure 19:5. Part 5 - Preheat Tank Installation

.
PART 6, FINISH THE HEATING SYSTEM AND

jNAL INSPECTION .

.

Finish
Heat in

Punch '
List and

Touch DO

Mal grade and Landscape

Final Inspection
and System
Check

"

tgure 19-6. Part 6 - Finfshiffg and Final Inspectio n
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After-the completed installation, the system should be tested

using a check list similar to the one included in Module 12 of this

manual. The motorized damper mechanisms should be given particular

attention. If-dampers do not close firmly, there will be leaks into

the floW loop, and when cold air is mixed withthe warm air, considerable,

temperature degradation can take place. Although heat may not be lost 1

4'
from the system, lowered a2r

.

tempenitures. cars--euse the auxiliary furnace
,

to operate a larger portion of the time. A check of the system and in

particular the dampers is advisable after the system has teen in orieA ion

ff*

0'
CONSTRUCTION SCHEDULE FOR A TYPICAL HOME WITH

A TYPICAL, LIQUID- HEATING SOLABe-SYSTEM

for a short period of tone.

PART,1, WATER STORAGE TANK

The structural bate for the thermal' storage unit is provided when

the concrete is poured for the footings. The stor4ge requires a thicker

concrete slab than the 'normal four inches poured for basement-floors.
ik

Permits

Fees Site Excavate

Engring g Work Basement

Storage
Structural Base

A
I

Pour Place .

,Trench for Cohcrete Basement' Storage

Footings IJ Fob i ngs Wall 1 Tank

Figare'19-7; Part 1 - Sttrage Tank roundation

. .

Tanks are normally prefabricated and when located in basements they
.

shouldAle placed,on the base before the floor girders are assembled.

9

I , r
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to

of. t.
storage t144tioud be

.

V),n
pipes and .the controlnenso

,
the tank should be attached

Depending upon* the type

be install ed before Placeme

Ito- insulate the tank.

-

PART '2, COLLECT UPPORTS

.

Floor Frame

(7\ Girder n Fiodr

. ,
-

19-8 .

4 -4
4

proVided -with, appropriate conneeitions fOr
co ,

r., and any fttrection located/ the base of

'before -the-the tnk is pieced on Ole

storage tank, - the bottoni" insulLation, should

nt to eliminate extra work at 4 later time

C;f2

Fabricate
ettor

Suppoi-t "

)(:)I
1

Frame and,. -Seth j
Sheathe Eext Roof Trusses

;C:), Subf ioor c)Wallirrs .)or. Rafteri,

4
-, -

Figdre.19- -Part 2 Fabricate Collector; uppor
, #1 .. °

,- 4. , ..
Normally the rafters are the ,supports 'for. the collector favit; \

Itowerte; special Supports miy be required for Tome instillations. When
. © . .

%rafters are to support the collectors .direcay,,somepreplanning will

^ "'reduce .the 41 a tlo r colts to assemble and secure thg,6o1 lectors, _particqlarly-
.....,,,

.. -1
, . ...._

_ , . 4f the collectors are. Apportalbetweft -the rafters. , Normally ,col lectors .

mounted
i . ..JW.

awe mounted on rly iwood sheathing and tie collectors are4ecured by bolts
J,

. . .

.4 .

4

V

A

Sheathe
Roof

through the plplood.
0

, Pipe manifolds re rirmal ly placed"aloAAthe ridge anti eave of the
.4 c .

of N'ovisions for easy access ; not Orlly for insfa1:latibn, but also- for

maint,enahce. symuld be provide.d. Replacement of flexible cohnections
'

6etWeen, the collector panels and the manifold -is, a common maintenance
A.



iteM and, altOuph

restrictive acces
, -.

,..., :

Collectors mounted on flat roofswill requiresupports for tilti
the collector:s:, T k e supports Should be, secured to the rafters,and open 0

19-9. "
I

ement 'IV simple, it cars be 'made di'fficult'with

icularly,the upper manifold.,

collector suppor s should be closed in to peeve/if wind drags and snow

*drifting, both/f'which will add extra 'Thads'orr roof.

6

r

PART 3, COLLECTOR INSTALLATION AND PIPING

to.

4

i. Place .

C-611ec tor ,

., on Roof and Storage Control
Connect to Piping '4emperature

,

.Connections
Sensors

4 a I

41.

1, Storage
Roofing Leak-Test
and Flashing

bo,

Frame

Interior'

Partitions

, -

r
I

Collectorlector and,'
.

Heat Trarispotti Heat .

1 Piping, Pumps, Transport
Val yes, et Leak-Test

,41 ,

Storage

Leak-Test Kti)

1

II Rough '

bing

Piping to

Equipment
Room

r
1

I

,

viumbiog.. ftasement
Leak-Test Slab

"1.
,

I

Leak-Test of
Col lector

Loop

- f ' .

I
Neat'"'

1

-Heat e.
s Exchanger, Exchanger

:

ger
and Piping Leal-Test

1

r

.^

O v. 1 0,e

-lb ' , .
Figure 19-9; Part 3 - Collector IR§tall&tion iePipipg

. 6
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1

Collectors 'should be-carefullY, inspected-before installation.
,

, Broken glass, improper seals,, absorber platecbhditi./.ons, and bad plumb-

ing

6

.S...-
,

fittings are easy to identify. There ts an advantage in placing

liciuid,collectors tightly together side -by -stile= to minimize side heat.

*0-

t

, -

losserlrom each-collector module.- When thts cannot be done, insulation .

0
,.

.

,.

c ,, .

'Obetween'the collector modules should be used to reduce the side heat
,

losses. The- manifolds should be connected to the coilectorg as the

modules are installed to facilitate the connections. Although-flexible v.,.

cbnnections will probably be-used in most installations, the misalignf-

ment of-a few collector module's can be c.Olirative,and even flexible

koses may become diffitult to install if the collectors and marfifold--,

piping are not aligned properly. ,

.

' c7'

The rough plumbing for the house and solar system can be scheduled e ' -

simultpeodsly and,,after placement of the control sensors: the various
.

pipe loops can' be Teak-tested. A filter unit; all the valves, the-beat -

'. .' *
: ,- exchanger, pumps, and in expansion tank should be installed ln'the

"collector loop. ,
.

.

:.-

. ,,..., .

.

. , -, ,
4.7be Ton r,temperatufe sensoesoin be installed in the storage tank

1

1

and the collector outlet pipe manifold either before or after the.leak\,:,

f,
te'sts.

I

. 0T A _

- --'
PART 4, INSULATION, AND AUgLIARY BOILER

N, . : I.':' The pipes in .fbe solepOkSteth shOuld be insulated to minimize heatpipes

'
.

. ,... " 0 .

0 i 4 - loss, and tlfe insulating pust
,

be,don, bp'fore'fore drywalling.' The storstorage..
. ..

.

s

tank, heat exchanger, and the expansion tank, a well as the valves,

. 'should be- well insulated.--
.

,

3



. Extd1.16r Windows
"-4 .`and Doors

19-11

I I

4,
1

Back Fill Rough Rough. House

Basement .01). ectri cal Sheet Metal Insulation

449

Exterior Sdding

)
r,t

1Con ero)

lanelt "
42

1 , ,

Storage

Insulation

1'. .
I.' 1 ..' . t',.. f ,

,' -, 1 . 1

1 d l' t
i 41p19g A/

Insul 4 ion.

t ,

. .
Figure 19-10- Part 4 --(Insulation "and AuS0 1 iary Boller

.Auxiliary,

Boll&
Installati

";

PART 5.,,PREliEA TANK AND CONTROL WIRING

Exterior Exterior , Gutters and

Trim Paint Dowri?p9ut

,Finish

oFloorin

ei

eri or

,-:

-

-

oc),

.

Fish Finish Interior Fini sh Finish Punpilst Final

Carp1 h P umbing

%

Decorattn 1 ectri Cal Heating Touch-Up Inspectid

...

1 t 1

1

1 1 .
. 1

1

.

t I
I

Cabinets, Peheat a;d I Control" Install
1

and Vanity DHW Tank El ectric 1 ppl iances

Exterior
Concrete

a

Final Grade
and Lands

h

,

5'

Figure 19-11. Part 5- Preheat. Tank and Control Connectiops

he preheat 'tank and control, panel wiring are the final, items of
. .

. ., , ' .

, installation for the issystem. It is recommended that initial tests

., i.r

. 9 5
.,.

. .

1

I

an tests 'be ae made-ben uie) of the solar system and final intpection d* tests "bdft , ,.,

4 . 4 . . . t v t.

.

. % .'

a short period of operation.
,,.

.,.4

".k ' 't

.

.
A .

.
' 1

% 4
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.
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. qd, INTRODUCTION

10
,

There are several significant "barriers " to widespread application,
2 1,

of Solar energy. syttems in homes, land there area few incentives that

could be createcrio induce greater- use.. The greatestlbarrier to solar

:system utirization'is the lack of_underitanding Of solar heating and

cooling s items among homeowners, contractors, engineert, architects,

and'othersin the home buildding industry. ,This course is intended to

overcome-some of the lack in krtowledg6.7;Wo'h solar systems. First t-cosi
--

,r6f systems As another-barrier, but understanding the economic's of solar

(

`syste
V

ms, and the rising cost'for fuel, will as &ist in overcoming this
.

N

arrier. ?Among the greatest incentives for homeowners to install solar
,,, qk .

systems i*i5 to provide substaal credit against first cost. The credits '

I

can be'for income and property'taxes. These and other barriers and

vcenttyes are discussed in this module.

OBJECTIVE

.
Ttie pobjectIve of the trainOe is to 'recognize the barriers and

iicenXiVsfor installation of solar heatini g and cooling Isyttems ink
%. .

,,'
.

residential buildings.\ .. I.

ill

..t.

LACK OF UNDERSTMDING ..,.

P

)1,

; IN!

Unless,the,homeor*er is a tectinidally oriented individual, the
, .

oten't'ial cus r for a solar heating system is likely to tfte little

*
basic understan4ing of a solar heating' and 'Cooling system. The building

,

,

. 'tbntrytor,.or, H1i, C installer, is given the responsibility of explaining

546
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a

20-2

4
'the system; the components, and the performance of systems as compared

to standard 'heating and cooling methods. The knowledge gained from this

*course can be used effectively by the trainees to explain tht kinds of

'solar systems available and the probable performance of the systems in

residential buildings.

The ontractor shouldIkplain the economic aspects of solar heating
--,.=

..7.

and Cooling systems -- that, 'despite high first cost, the cumulative costs

after 10 or more years will favor the solar system. A should. be empha-

sized that a solar system can provide the major fraction of the annual

heat load, and an auxiliary unit is needed, but the energy consumption

- and costs are substantially reduced.
e

.

VP -INSTITUTIONAL CONSTRAINTS

41, Solar Treating and cooling systems are new to the.legal, financial,

and insurance institutions and face gxisting and, perhaps, new institu-

.

tionalconstrainfs. Fortunately, there. are few barriers established to

constrain installation of solar systems, but-characteristically 'laws are,.

written after problemsocCur,, policies are developed after

. ,
experience is gained; and insurance rates are bas'ed-on risk factors and

- ,

, ,probabilities.

' 1
7

0

11.

LEGAL
.

Access.to Sunlight
i

.

An important 4,spect.oT solaili. r systems is continued accessito sun-,

'

.
.

light.. While-zoning 'can be effective, it-ig-not a gua.rantee.to continued
.k , ..

- .

access to sunlight befause zoning can change. A high-rise building on

the south side of a residence .with a solar system can. be devastating.

517



- :- , 11, -A, 04-47

Even if the problem of shading by other structures-sis.avoided-, shadows

cast by the nefghbors'tall'trees can be a serliOus problem. At present,.

the owner of an adjacent lot don plant any.tree he wishes, except if

the height may interfere with utility lines. The concept of a solar

easement has some merit, but has not been enacted anywhere at-this time.

Land Use and Zoning

Land
0
use legislation and zohing restrictions can restrict the use-

fulness of solar energy systems by regulating the placement of collectors.
. ,

On the other hand, regulations can also encourage the use of solar systems

requiring street layouts to maximize solar energy use. Restrictive

regulations regarding architectural style or materials of construction

should be scrutinized.. It is difficult, for in, nce% to build a solar

housein a subdivision that allows only shake shiRgle roofs. Likewise,

a restriction on the orientation of a building on the lot could hamper

the collector orientation.

Building Codes
.4

There are virtually no building codes,ythe United States which 'deal

specifically with solar heati1g tems or components thereof. Some

efforts toward establishment f specific codes have been started, but

until criteria and standards ve been set by national agencies, the

P

information,on which authorities must base their codes for solar

equipment is not apilable.

Most building codes, hoyever,.have provisions which can be applied

to solar heating equipment as part of the structural and heating compo-

nents of a buildin-g. Requirements as to roof load capability,\structural

integrity, flamthability of material, VentilatioN requirements; and.so on,

have restrictive as well as proscriptive influenCe'on solar,equipment.

.3,
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It is therefore necessary for an installer and owner of a solar heating

system to comply with suct terms in the 1061 codes,. In turn, the manu-

facturer will be required to conform if his hardware is to be sold and

used fn a particular area. For example, if a local code requires

Underwriters, Laboratory certification on heating units in a buildiA,

the manufacturer and installer would be-required to use only suchequip-
,

ment,:in the solar syste k'

A To the pritent time, building inspectors appear to have-encountered
Air

no'serious problems in approving solar heating installations. With

probablS, over a thousand solar heating systems in the United States,

it is evident that the lack ofspecific codes on solar heating equipment -

has not significantly deterred its use.

Since a full-capacity conventional heat supply is-required in

practically all areas where buildfgg codes apply, there is no appreciable

danger that a solar heating system would-fail to keep/a building at a

comfortable and safe temperature. Even if the efficiency of.a solar.

\heating system is far less than expected, a code authority could still

approve such a system without transgressing code requirements.

As a gernery rule, an owner or contractor planning to install a

solar heating system should contact the local building inspector prior

to the expenditure of Major effort on the project in order that any

questions which may relate to compliance with the code could be resolved,

in advanCe. If a particular solar heating system or component

violated a code Tequirement,,a change to some other type of hardware .

Could to made prior to ex\enditure of significant funds on a system,

which would not be acceptable.

549,
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FINANCIAL

Financing is available for solar systems from afew lending AnsA4-,

tutions. Because information about system performance, reliability, and .

life times is meager, many savings and loan companies do not have

.established policies. ;pm loan money for the entire building project,

fes the down Olyment, purely onthe ability to pay the mortgage . Othes

strict loans to projects that inclUde'apprbved solar systems, and

till others loan money only on'the basis', of the type of auxiliary unit

thatis used in the solar system._ If loan companies provide financing

only for the building, and not for the solar system, there is ainancial

barridr to ihstalling solar systems.

, :INSURANCE

InsUrance,companies have shown no reluctance to insure solar houses

at rates comparable other houses. There has not been sufficient

experience to Change the insurance rates for solar houses from non-solar

homes.

INCENTIVES

1
The greatest incentive for solar heating systems is the rising

- _
energy cost and the lack of alternatives to electilcity for heating.

-4-

Other incentives are being, created in the form of tax relief. For

example, several .states have reduced or eTiminated the property tax

assessment on new solar systems and a few states have proVtded-deduc-

,

tions on state income tax returns for owners of solar heating systems

in their homes.

o

4

O
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INTRODUCTION

I

1 .

4a

In addition to understanding the design and operation of solar
,

f

'heating systems;,suppliers and users should be acquainted with several,

other.aspects of solar heating. 'In order that'intelli-gent selection

of equipment can be'made, knowledge of industry standakisi equipment
I

A

warranties, performance evaluation data, ancirelated topics is necessary:

If evaluations have beenperformed, heir results need to be available

. to the supplier and user. The kinds of data required for such appraisal

must be understood. -The advantages and the dipdvantages,of the main

system types for a specific application are partitularly,impartant

Iawledge of the type of hardware available, their cbst, and their cOM-

, ..

patibility with other components in the' system i's essential. 'Such items
...,

ot ii »
. .

as safety and durability2arel additional criteria for equipment evaluation.
. -

. and (election. . I
..,

Within this module, the main pointSenumerated abdve are addressed;

..

and a
,

guide 6 their consideration iss Ipresented. Pecause of (a) the
,

newness of the solar equipment; industry, (b) limited exilerienCe in'the
, ., ..

.
.

. -..

use of fully commercial :systems in non - subsidized installa.tion's, (c)

- .., ,, ;

lack of, criteria for system evaluation and certi ication, anfldl lack
. .

_.. ,...

and

,

. ..

of information on durability
..,11marketability,

other factors, much ,of,
-

the material .here *Alined is tentative, rapidly ging, and,highTy' .

.... - . ,

variables in time and place. .The following information oul therefore

S. ( r
be considered a guide rath n.a set of'specifications. '

' =4

A ,

p
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OBJECTIVE

The Rbjective of this module to provide the trainee with'guides

to the purchase of Ouipment fpr solar heating sytems. The "reference

list, of manufacturers of equipment is not intended tobe all inclusive.

Guidelines for choosing solar equipment and systems are provided, not

only in this module, but throughout this manual.

AVAILABILITY OF SYSTEMS AND COMPONENTS

COLLECTORS

,A directory of manufacturers and suppliers of solar heatingjand--

1 cooling) equipmept has been published
,

by.the U.S. Energy Research and

A

Development Administration undeytnetitle, "Catalog on SolarJetirig..._

and Coolitg Prbducts.". Published in November 1975, and designated

4 0
ERDA-75, it Figs been updated by the Solar Epergy Industr46$,Association.

Among scores df organiiations listed as manufacturers of solar,heating

equipment, possibly a do_ pn ftrms,haye supplied or could furnish solar

collectors in quantities of,thogsands: of square feet with one- to two-
.

. . .

monthleadtime fbr delivery. A listing of some firrmls is shown in Table
.

21-1, ,The' list is not intended tobetomplete'nOr..,K the inclusion of

a ftrm-iended to imply relative usefulness (efficiency, durabiltty,

cost, etc,) of %helOoduct. .The list contains, however, most of the
,

firms hav g totd.callectors,: forspa-ce heating, to residential users_

and to*the"federal.government in total quantities of,thousaneof square

feet. The type, of collector manufactured $nd miscellaneous comments
.

are also presented.
'EP,

' P
dfle, r'

556
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Table 1 -1
SeleCted Collector Manufacturers

'Name ofFirm Collector,Type Coll actor .Materi al's
.

Ametek - ,
Chambarlairt

General .E'lectric °
- :

Grumanm

Honeywell

Ikendox

Owens-Illinois .

PPG
.. ,.

;Revere

-Solaron
.

Sunsource

Sunworks ,.,
..

.
_,

Liquid
Liquid
Liquid
Liquid
Liquid
hieraid

Liquid
Liquid
Liquid

Air
Liquid

Liquid or air

1,

. .

Cdppero glass (1) or (2))

Steel ,' glass (2)
,,,

Aluminum', lexan (2)

Copper, glass (2) .

Copper - steel, glags (2)

SeeHoneywell ,

Glass (evacuated tube)

Copper, glass (2) .
...

Copper, glass (2)\or (1 )'
. Steel , `gl ass (2)

.

Capper, glass .

CONTROL

In. ,addii tion to the.equipM nt listed above,, another commercially

avail able component is the 'con systerif.= 'The/special unit in -most

tolar, heating' cottrol systems is the difftrential *thermostat with its

tem6erature senso55 for insertion in collector a d storve. Al 5o avail-
`I: able are control panels for connection of :the' diffi rential thermostat,

\

ta: 1. c. ....- 4
.

- the room thermostat, and the various repays and motor for
. .. __.

. .

.41.owets,- .pumps, ,firnd valves and dampers. The ,controllers may. ,be of the
-: 4

i

,conventional electromechanical. type withWmetallic temperature sensors .-
e

.. -*.
. or.the'rmocouples or therMistors aldng with mechanical relays fok:ener-

,.... . t.' ,

f
giling thotors. Also available are. so l id-state\'controiler s with t he'fimistor

.
.

C ,. ' . ..4

4
and thermocouple inpuis and solid-state switches and relays producing '

ikappropria,te electri6 outputs to motors. Elec0 tromechanical types are more
,

s. . .

famillar to heating system installers and serviceRersonnel, whereas
_ .

/* - -. '''' -. . , . . ,, . \\...

1 , .,
-.) .. ..

. ,
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. sot id -state 4nists will. 'probably. emerge as the more compact And economical

--
-21:4,

system. 4
4

Suppl
,iers of, control componeints and specil control systems for

sOl ar incA i ude long-,estabi i s.hed 'fi rms
4

geneTal control

business as -well 'as new companies and groups special izing in specific
. ..0

,solar control lequipinent. A representative list of Companies offering

differential Omperature controllers_ and complete solar control system's-
,

A

is shown in Table. 21-2. p

s.

1/4

HEAT STORAGE

Table 21-2

Selected Suppliers of 'Solar Heating Controls,

Barber Cojeman

Deko, LabS

Heliotrope' General

Honeywell

Penn Controls

Rho .Sigma

Robertshaw' ContrDVs Company

Solar. trols
{f." ly' Zia Associates)

Another important ,component of the so1,'r heating system is tie heat

1$tOrage unit, but there appears go be no coninercial offering of that-
e

item. In the liquid system,, a conventional tank of some type is' purchased.'3'

With the air system, a bin is usual ly,constructed on site by the contr:ac-_.,".
torand fiJ 1 ed at a suitable time with screened gravel.

.

.1.
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COMPLETE SYSTEMS

'21-5. "

= .A":Several collector a'ufacturers also provide complete solar heatingr-
AO .4

systems: 'Their products consist, of ,collectors' accessory hardwarefor

collector support A section=,nectioni pumps' and/or bl6wers, preassembled flat.
4

v. . ..a.
4 ' /

handlers 'compri sing motors, blowers,. iutofiratic dampers, filters, .water
- ..

. - . .

heating coils. (for the,.ai) r iystem), and motors, pups, automatic val v,es

(for,therliquid \ystem), 'and controls, including sensors and circuitry
1 . . lfor actuating the various mot s in the system.. Some comanies also suP-

. -_ , r.
ply water heating accessories, including heat exchanger and tanks,:When

,1 .
..

that' option is involved. -The, suppliers of complete' solar heating systems

do not usually furnish 6 heat storage urf,it\ because its size and local
x 0,

avapabiel ity usually make its local 'procurement more practic 1. Sizing,41". , ..

laybut, and detailed design are also offered by ome.system's ppliers.

The firms proyide the information nethsary'for,in stalration of thejr
1-.0_,

. equipmeirt, by heating and plumbing contractor's having 1 ittle or

'experience in 'solar equipmept installations. Table 21-3 lists a lew

of the known suppliers of completh solar heating systems.

A

o

oNo

4 Table 21-3.
Sel

ectadd
Solar Heating System Suppliers

w.,
Name o1 Fi'rm'

.
", Type of System

X

Daystar , s,
, e,

General Electric
,Ho eywell

'Pi et' Hydro.'

. Re 'nol ds

Sol aron -
,

Solar Ut il i ti es ' Co...
.

:
'Nonfreeiinb liquid callec n and storage, , 4

.Norifreaing liquid collection arid storage
.ipufd collection and stoNalifree"zina 1

Water col lactiOn (nondraining) and stora e
ildter 'collection (drairiable) and storav
Air.collection, pebble-bed storage .'
. ,

' Water tol lecti on (nondrainingrand stdrage
,

.

.. g;

.

.,

v I.!
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.EOUIRIENI:PERFORMANCE DATA
,

v
110

r 1 ' Cr .
Most bf the suppliers Of'sOlar heating system coMponents provide

i,---'

1

,

technical 'data on their-p rformanct. .Most of the gbllector data sheets

,contain information on

temperatures and r

olar heat colleCtiom'efficiencyat,yariouv:

ation levers. Some intIude information and instruc-

"pons for sizing solar heating systems and intallation.procedures- ,ht

.

least one firm Offers an extensive manual covering -its products, instruc-

ions on their selection and sizing;,ind their assembly, installation,

d Servicing.

It !should be reoog kt some of the4nufaCturerst.literatbre

contains, information which h hot been vertfieppy impartial

and that the data may not be represehtative of perforlance upderty0cal

---openting cond4ttons.--
/

visThe-user-is.aded_to proceed with ,caution
, ,

applying manufacturers' performance igures Oat have'not been'indepen-
,

dently verified.

i

Standardized procedures and instruenentation for testing, solar equip-,'
A

ment,ha ve beendeveloped-by the National Bureaupf Stan rds '(NBS) and

are described in two reports:

1. ""Method of Testing for Rating Soiar Collectors Based
on Thermal PrfOrmance", NBSIR:-74*-635. Hilland
K4suda;, Center for Buildinig Tehnology, NBS, December
1974, Ihterim report-preparAd for the National Science

nundatiork

2.* "Method of Testing-f r Rating Thermal Storage Devices ,

Based on Thermal Pelformance", N3SIR-74-634,, Kelly -(
, and_Hill''Center for Butlding Technology, NBS,

March 1975, Interim report prepared, for the Energy,.,
.

" Research 'and bevelopment Administration:

Vip

Pt

4
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,

Although the testing procedures described in these reports a're:not
4

_ mandatary-fcii%the rating of equipmmt; they are tieing accIpted

. %

governmental purchasers of solar equipment.
.

.

Numerous solar collectors of the liquid heating'type havebeen

vested independently by the NWSA-Lewis Research Center in Clivdnd.

Reports of their performance Over a bangs of conditions `are available

andcan:be used as a gum tb equipme t selection. -These -test results

may also be compared wi h the' perform te claimed b manufacturers.

in their data sheets. ddftional to ting liquid heating collectors .

is also in progress in everal independent laboratories'

- .

There'have been rib independent evaluations and tests of sola-airC

heaters, but facilities are being established at the National Bur/ eau

'of Standards and atthe NASA-MarShall "Nst.Cenfer in Huntsville, Alabama.

,

Facilities for testing and evaluation oP complete solar heating

-systems Coloradb State phlyersity has three

identicalresideritial-type buildings in wilith various systems.are
.

developed and evaluated. This,prOgram Is,produting ihformatjon Which
,

--
As - A.

can guide4the.Choice.of general system type., and will also yield etailed
. ,

operating data on specific
/-

systems:

ECTION OF COMPONENTS ANptYSTEMS ,

, .Ch ice of equi0ment for solar heatisig)nvolies a knowledge of the .

%. .

charaOterisOcs that gre significant (arid critical} and the advantages

and disadvantagesoi each system type. Besides the information contained,
..-

in this manual, reference may be made to a,helpful government Puhlicat'im.

"Buying Solar ", published by the Federal 'Energy Administrattonune'1976.

A

561,
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Among. the factors mos _portant 1n equipment, choice are the
- .

equality
:.

.

of materials And workmanship in they collector, controls,.and

. 0.

fluid-handling equipment, the suitabilityotJthe materials and equipment .

-

to the application (involving such factors as durability, dependability,

and,safety), heat recovery efficiency over the,range of operati.ng.cipn-r

itions encountered, equipment cost, and installation cost.

SELECTION OF SYSTEMS

. . ,

The system types requiring choice are ,primarily. the-flat-plate

1 q id-heating collector and associated equipment, afrd the ffat-plate-

al heating collector with its pebble-tied storagefand air handling

facility. Another-possible choice is a system intorporating an.,

evacuated glass tubular collector in either an air heating o,* water

heating system. So-called passive systems involving cOlection.and'

storage-of-heat-by:maerials ors or.jn roofs and wall's of buildings

rarely'are candidates fprselectioo because (a) their practicality' has

not been proven,. (b) there is rio manufactUrer of such equipmeht,.and )

(c).if used, these systems are essentially part of'the building rather

than a heating system.' Finally, a system bas5d use of ajocusing,

collector, although one is commercially available, would seldam'be a

candidate for residential use because of high cost,'tracklog reqUire.I

ments, and maintenance demands. Even for commercial Aildings, the

high cost is A-deterrent togeeral- use.

QUALM OF MATERIALS AND VORKMANSHIP .

i

,able.materials, and higb-quality workmanship are necesSary for
.._

..
>

.
.

eff cle,t; trouhle-free.operation of so3ar-heating. systenis. Visual

iippection will often separate/the good and poor equipment. Other criteria

58
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are red 4s of satisfactory use in previous installations, compliance

with minimum property standards, and recommendations from im4rtial

specialists. With-liqujd systems, the Collector, storage Unitheat ex-,

changers, if Used, and pumps and piping should be made.of materials which
, 4

are completely compatible with the:liquids,being usedjA order that

corrosion will riot prematurely .damage ordestroy the system or:its-x.0mo-
_,

nents. The collector and other, parts of the systeMmust also be able to

withstand the ,MaximuWand mini um temperaturesito wych they are exposed.

k

The absorber plate in an efff ient collector of the flat-plate type can

reach temperatures abdve 350°F when fluid circulation is interrupted

accidental ely or purposely, and should be no material in the collec-

tor not capable of withstanding no-flow temperatures for prolonged periods.

Wood or other materials' which can outgas at these temperatures should.

never be used in a solar collector. If inspection,shows the presence bf.r

such materials, the colldttor is clearly. unsuited to normal space heating

appl itations.

(

SELECTION OF COLLECTOR'
'

, .

,The efficiency of the cote
.

n recovering solar energy in a
.

e

'heated
1

fluid is the primary determ nt of the size'of collector reqUired

for supply of a particular fraction of e total heat requirements. of a

building. And, although this is an important criterion, for collection

c

selection, installed cost per, unit'area is equally significant. Assuming

410 two'styles of collectors have equal.durability, the one having the greater

heat.delivery,per dollar bf first cost Is the superior choice, regardless

of the efficiency and the cost them dives. iqn-other,.words,-an increase

,
41*. t .. .., .

of 6 .few perce4age points in effici ncy which mighl be achieved by -*
, . .._

doubling the cost per square foot 4 t'advantageous. The purchaser
% : ,

.
re#

553 *." . v
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should therefore base the choice among various collectonS of the general

type selected on reliable efficiency measurements, delivered pricelr

.1

the collectors, and the costofin'stallation determined by the'installer's

bid or the cost of installing similar,systems in otherbuildings.

Unless the solar collection. efficiency claimed by the manufacturer has

been' independently verified or reliably confirmed by theoretical.

analysis, it should not be accepted without question..

As noted in Module 14, the sizing of a solar collector and associated

equipment for carrying a certain fraction of the total heating load

cannot be based on some collector efficiency measurement at'uideal"

conditions characterized by a full sui,nearly-perpendicular to the

,

collec Or and'at small to moderateAtemperoture.difference between

collectorfluid'nd the sur- ounding atmosphere. Seldom'is the, collector

,
operating at. such favorable -conditions in normal use, so .average

.

.

,1

efficiencies-are far, below such a leyel. In the selection of solar

0.
equipment, howeverperformance ofCollectors among a,single general'

k

6
.

f.

10 '

type can be compared at the iddal conditions. IT collector efficiency%

is reported over a',range of solar intensities and fempepature ;conditions,

i ...

comparison can be. made at poan:ohrating conditions as.well as the better
.

_

s" ., )

,, 2 '`. l'

.. .. 4,.,...1ones. .
.' - ,- 'b '.:.:

',

----,--

, .... ,. f.....7.4 ..,

. ,

The two 'items. prObabiY 51144'i:CoMMon1;overlooked in the selection of

.y ,,

i . .

solar coli ktors.and-other ,,s,stem components ar=u the durability', or

-' ..' ;
, , ...

apparent us.efullife,bf the equipment "and the host, of its installation

in the buil,ding.6The onnuaYcost of ownership of the'equipment is
:

.
-. .. N , .

.. ,, il,,
approximately inversely_ prorpartional to the Useful 1 ife. In other

0 !.

.
..4

oenra,M,O'solar collector must be replaced in.15 years, there is no

I.

advantege.in its purchase at half.-the price of *anothetr collector haying

'a 30 -year life. Numerous collectors are, on the market today which

4
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,

cannot be expected to operate satisfactorily even 'for 10 years, ;so

OW' ( I
. ,

,,

,r
purchasetheir purche at prices-as 1 $5 per square foot-appears unWise.

,

\t-,e a.
I (

A'collector whicff costs $12 to $1.5 per, square foOt thacan'be expected

to functiihn.satisfactorily overethe entire life of the bui

'far better. investment.

z $

k COMPARISONOF'SYSTEM TYPES
-

t

Thestwo-Major types of systems now available commercially are those

which employ a'liquid for transAr of heat from collector to storage
' 416

and those which utilize air for the sametpurpose. The so- called passive

types, in which collection 'and storage are combined; are not commercially

,41
:manufactured because'they are so closely associated with the design and

-construction of the building that they are primarily architectural

considerations.

,Nearly all of the air and watersystem types involve collectors,

emplOying flat-metal absorber plates overlaid with flat -glass sheets,

A modification of this design is applied in the several variations of.-

the'evacuated tubular collector for air or water heating. 'A focusing

type of collector emploYinga transparent plastic Fresnel lens is also

- receiving specialized experimental use.

O

ADVANTAGES OF LIQUID SYSTEMS
. / 4

In compathing air and liquid handling in systems,, each has 'advantages

and disadvantages. The primary advantageS of the liquid system are due -

totuse of a loW-cost fluid with high heat capacity..... Relatively small

' piping fortransferrinjheat from collector to storage and from storage

to the heated space in hydronic distribution systems is an economic

rt

.56S
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advantage,_ -particularly in large buildings. The" volume ofwater in / -.k

,--, L, - - ..4

which a given quantity'of heat can be'store4is-much, less'thac required
Al.

of any other material nol undergojng a.phase. change d Heat.. ,f some type.
.--

t-.

.

storage in materials undergoing phase changes.is not.commerciallyolt'acti- '..,
.

cal, so water-is the mb§t compact- heat storage.materiaT 6,pw available.

-- 2

Another advantage of 'the liquid .system is its capability 4.06solar

air conditioning. Although such systems are'not fully developed: tb0,

do have practical 'possibilities, particularly in larger-industrial and
44,

commercial buildings. An additional advantage in `the liquid system is -..
.

'

..,

the number of commercial manufaC

.

turers of liquid heating solarTkollectors.
.' 0 g

Various. styles, materials (a1uminums,copp'er, and stee.1),.transparent
..._

.--
,

,coverings (glass, plastic films, and heavy plast4s), and szes.afe'
.

available. Finally, a large amount of :experience is,available with'

liquid collectors (originally used forhat-water suppty),-including
,

theory as well'as practice.

e,

DISADVANTAGES OFtIQPID SYS,EMS .

_ .

,--

The disadvantages.btliqOid.systems result primarily from the .

..

chemical
.

and pivsical properties df water: Its freezing point-, bailing
.

.
,

I.

point, and .chemical reactlAiity with metals,require designs,andoliaterials
i 4.,

which can add substantial cost to a solar heating system., In neSrly all

. ,
., -, .;,-

-.

part
,

of tlielinited Sta1tes, water would occasionally freeze-in a'solar

collector and cause extensive damage. A fail-safe'drainage, system must,

there oreibe Provided if water is used in the collector, or a non-

freetin liquid must be -used= with heat e'xchrlge to water:storage-in-a
,

pqrt-of t e building where freezing cannot occur: A self,doitning

collector imposes somedesign restrictions; and the periodicfilling of

the co 'lector tubes with air-impases limitations on the types of metal

566
.

_

et

v



21 -13

%
4

0

which can be 'used. Nonaqueous heat trantf liquids.May be used inhe
.

collector loop, but thOr Practical utility has yet to be adequately

demonstrated. .

The`cornosiveness of, water in contact with aluminum, or steel, in

the presence* ,ofair, is a factor which must be considered in.the design
.,

it

and use of water- heating smear collectors. Galvanic cotrosion Dnthe
-' *

JOit 4

.. '. _ 41 , _, .
.

...: '
. 4 presence of 'other metals), of alumingm in water must be avoided by,

. ,
. ,

, suitable.non-conddcting connecticins in the system. eittinglicorirosion ..
%

i.,4
q 40,-roUdluminuM in, the presence of s'light me impurities, as'

wel

l' as
.

dissoWd oxygen and impurities in'the'
,

water may result in early failure
A,

. , % i 0
.

A

of the aluminum thbes, particularly if thin-waned. Breakdown of anti-

,

,
.

1
_,

-freeze.solutionst(ethylene glycol,for;examPle) tO'addilt cOmpiunds can '

accelerate corrosive attack and must be avoided'by suitable preventiv

maintenance. .

.
t

Steel is less subject to attack than aluMingm, but precautions must

nevertheless-be taken. The probabTe,l)fe of a steeeCollector Is greater

than that of an aluminum collector having the same tube thickness.

s.

-

Periodic draining and filling with air must; -however, be avoided.
4

COiper, at least for tube's, appears to be the. most dOrable and deOend-
r4

able material. The only disadvantage is its substantially higher cost.

. -

A plate-type cop%pcollactov requires an dUtlay three4dollars4%

per square foot in excess of that for alumOnum. Atethe retail
.

this difference could be as much as five to six dollars in selling priMio.

With any of the metals used for water-heating.collectors, corrosion. .

1

:inhibitors. .can be added 'to the solution (whether freee-prp,tected or not),.

-
thereby substantially exteRding the life of the equirilent. The inhibitor

. .

Iis ,
: itself, however, must be-maintained at-suitable coficegtration,6y 111-
periodically check-it-lg. and adding when necessary. ,

C

4

.5

. a.

'C

r
,N
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1Ano4i0 disadv ntage ofAhe water system isthe boiling which occurs

. .

if'circulat on is lo t during sunny meath4r. The system must be designed

with appropri e vents or reli& valves to permit; discharge of.steam when

these failures occur. I the coridilion persists'for several hours, there

can be so much 1, of flu d that recharge is then necessary. For typical

1

residential and conur rcial i stallatiOns, a maintenance man. would have to
A

be called, andl4dditi'4a1 anti reeze agent (if used), corrosion inhibitor.,

and water would'have to,be adde These requirements impose costs which

must be considered in any mparis n of systelo,

jn a well-designed and aintain d liquid system, damage to the
,

building and its contents fromliquid leakage should not occur. However,

poor maintenance or careless operation .n contribute to leakage'of the

collector.fluid or of water from the stbr ge system through one of many

joints and cdnnectins, or through corrosio' sites, and can result in expen-

sive damage., .Good preventive maintenance is herefore_a primary require-

ment of satisfactory operation of a liOid sys -m.

ADVANTAGES OF AIR SYSTEMS . t

The advantages and disad antages of an sys em are essentially
. ,

the, reverse of those associated with,a-iiquid system.\ Advantages-are

the a sence of problems associed with corrosion, freezing, boiling,

fliiideplacement,
-

jnotiltoring of fluid composition, and potential damale
.

by systeolekage.

/ ,

DUADVANTAGOOF AIR SYSTEMS
./ . .

e
/ A-diisadvOtage ofthe air system it the larger volume required for

, /.. . . , ,k

I'.
_.e.e heat storage - *proximately three times that for the equivalent heat

ee'/ storage capacity'ln-water. This requirement imposes a need for"tfloor/

I '

568
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spice havinga linear dimension 'approximately percent greater than

fora cylindrical storage tank. Equal t storage can be provided., for ,

example, in an eight-foot ctabeof pebbles and in a tank of *water five

/ feet in diameter- eight feet high: Another air system disadvantage
4

is the size of ductwork between collector and storage. - About four

square feet needs to be 'Available for two ducts betweOn collector and

storage in a typical residential inst4latiop. a third disadvantage

is the current lack of air conditioning equipment operable with a

A

solar-heated air supply. "Cis situation is
4

not yet a deterrent it air

system use, however, because no solar air conditioning system is yet

commercial.

Comparison of the adv.antages and disadvantages of solar heating

system types outlined above leads to the conclpsion that the air system

is superior insofar durability and freedom from maintenance are

concerned. Experience with 'e limited number of systems bears out this

generalization. As to compactness and wide availability,of.hardware,,

the liquid system appears to be the Otte choice. These-relative

advantages suggest that air systems may Rredominate in residential

installations wher=e maintenance is ndtorieusly neglected, where compact-

ness is often not considered essential, and where durability is important.

Liquid systems,:on the other hand, may predominate in commercial and

industrial installations where maintenance is routinely practiced, where

space is frequently \t a premium, and where occasional equipment repqace-

meht is acceptable if economically desirable.

SYSTEM PERFORMANCE

v.

In terms' of system efficiency, qr annual heat delivered per unit

collector area, th two systems have comparable performance. Several studies

.569
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4

I
. )

1
.

.

/1 have shown that the difference in 'heat output is all, and that one,

system may be lightly better under some conditions and the other

.

.

superior in other situations. The most recent inforMation on two

identical adjacent houses shows nearly one-third more heat was supplied

by the air system from equal collector areas; But a conservative.

appraisal is that tlie two systems have approOnately equal heat delivery

capability per square.foot'Of collector area. More data are needed

before more definitive statements can be made.

COST OF HEAT DELIVERED

The final and conclusive basisA for comparison is cost per unit heat

delivered. If efftciency,'useful life, and maintenance costs are equal,

the system requiring the least maintenance per square foot-of collector

is the best choice. System costs are not yet sufficiently established '
)

f'or positive selection on this basis. However,-examination of published

prices of solar collectors and con;idei-ation of the costs of other

component's i.n the system suggest that the total installed cost of the

air system is lower than that of the liquid system, for equal heat

output. Evidence in support of this indication is 5ot conclusive,

However, so unless actual quotations be. comparedANN, it should be

assumed that the cost difference is not large, possibly not over 10

percent of the total investment, and that any difference is.probably

in favor of the air system.

.

Another important factor bearing on solar heat cost is the useful

" life of the system and the costs of maintenance and repairs. On these

points there is little doubt that the air-system involves lower annual

expense. Iie absence of corrosion, the use 'of moderate- priced metal

(mild steer), and the absence,of servicing requirementS,indicate'that

V'
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the air system will have a longer'life and lower maintenance cost than

the liquid'system.,

With respectto evacuated tubular collectors, their high effi-

clency is a great advantage. These units are not yet being made for

general sale, so it is difficult toMake comparisons with flat-plate

systems. Manufa9turing costs are much higher, and current prices may
.

pot reflect true costs. But if these units can be produced in'large

voldMe (e.g., a thousand tons of glass per month), costs might reach

a competitive level. Selection of evacuated tubular systems today

would have'to be based on criteria other,than cost, such as high

temperature delivery of collector fluid at reasonable efficiencies.

But when demand reaches the level justifying automated tubular collector

production with a .furnace used exclusively for this product, costs may

beCome very attractive. ,
7

There js'also a focusing collector (Fresnel lens) which ha'as4

received so e experimental use. It required a tracking mechanism

,
and the co t is substantially higher than the other systems. Unless

high peratures, well above 200°F,were a-specWic requirement as, .

.f example, for absorption air conditioning, there appears to.be no

advantage in the use of this low-concentration focusing system. The

considerably higher cost, inability to focus diffuse. radiation;.and

, -

the need for moving hardware, plus maintenance, appear to preclude its

practical 'use for space heating.

k the final choice of a solar heating system, consideration must

begiven to the. type of use whichthe system is to meet., As previously

Adicat4d, liquid systems appear to have some advantages over air
-

'systems in4large installations'where maintenance fs customary and where

cooling may now or later'be provided by solar energy. Other ciftumstanc

671.
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might also provide incentives for liquid system use. It is evident that

both systems have potential for widespread application.

.

CRITERIA AND STANDARDS

4

Although no performance critetla or standards for solar heating
,

"equipment have been,established, several such efforts are,being made:

Among the active,organilattons ore the American Society for*Testing and

\
Materials (ASTM), 'the Atheeican National Standards Institute (ANSI); the

Amercican Society of Heating, Refrigerating and Air-Conditioning .
ft

Engineers, Inc.(ASHRAE), the Sheet Metal and Air Conditioning ContraCtor'S' . . ,

Natio al Association (SMACNA, and various government bureaus, including

t

the National Bureau, of Standards (NBS) the Department of Housing and .

Urban.Devel ment (HUD), and the Energy Research and Development

Administration ERDA).

A committee o the ASTM and ANSI organizations actively engaged

. in forwulating standa for solar heating equipment. No results have

been publicly released, t criteria or guidelines may be expected.

.ASHRAE, thrOugh its se es 'of manuals on heatin\g arid air condition-

./
ing, continues to expand its se ion on soldr heatind')and cooling. The

974 edition of "ApplicationS" con ins solar heating information and

guidelines,in Chapter 59. This materi is in the'form of a refergace-

,

handbook for designers and installers of's

'is comparatively general in its content!

4

ar heating Odipment, but it
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6

An important project of the National Bureau of Standards is the

formulation of performance criteria which solar heating and cooling
4

equipment shOuld.be expected to meet. Two of the results of .fhis project

are the reports, "Interim Performance Criteria of Commercial and Solar

Heating'and Combin tieating7Cooling Systems and Facilities", NASA

98M-1061; 28 , bruary 1975 (prepared:by NBS) and "Interim Performance

Criteria for Solar bleating and Combined Heating/Cooling Systems and

.Dw.ellings", HUD, 1 January 1975 '( ft-Oared by NBS f r HUD). These

publications contain information on the characteristics of solar systems

. and components which are important in the selection of equipment. No

requirements allt outlined, in terms of quantitative performance, but

the equipment is expected to perform at the level which the manufacturer

oi-'sUpplier specifies. In addition to the criteria themselves, the

reports describe methods for measuring the performance of collectors

and heat storage units. 4

Theonext government effo" along these lines .11"as resulted in the

release of'":Intermediate Mini Um ',property Standards Supplement for

Solar Heatjng and Domestic,Hot Water System's," prepared by the National

k

Bureau of Standards for the,D_epartment of Housfng and Urban DevelopmentHUD)?

In conformance with other HUD documentS of this,type, the specificatfOms

outlined are those which solar heating equipment mill'have to meet if

federal funds, such assFHA home loans, are used in financing the struc

PI

or/its components. As with the "tnterim performance standands" developed

by NBS, the, solar,heatino and coolingsstan ards in the HUD, document are

directed mainly to Nfety, durability, reliability, and su(6-factors rather
- .

I
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than to the specific efficiency"of heat supply or other ,quantitative

,criteria.4 The equipment is hquired to perfbrm according to the

manufacturer's 'Claims.

The work bei.ing undertaken by SMACNA is.directed toward standards

for installation workmarish4p solar heating systems. Such factors as

,

,the'quality of the plumbing, heetmetal work and electrical work will

be-considered.
4

'Standards for testing solar equipment haye been the-subject of work-- L

. at theNational Bureau of Standards for over two years. A useful report

ofpart of this investigation is "Development of Proposed Standards for

Testing Solar Collectors and Thermal Storage Dovices",1NK Technical

Note 899, issued February 1976.

Another document related to standards and criteria, prepared at_the

Center for Building Technology of .the National Bureau of Standards for

the Energy Research and Development Administration, Division of Solar,

Energy, is "Thermal Data Requirements and Performance Evaluation

Procedures for the Natidnal Solar Heating., and Cooling Demonstration Program."

This manual provides detailed information and dirjctions for measuring and

..

valuating the performance of solar heating and cooling systems.

WARRANTIES

The types of warranties offered by manufacturers of solar,heating

equipment 'vary 'considerably. At tithe PresenrfTWeT-tf-e-,supplier provides

1

any w rranty, it is of the "limited" type. ,Under its erMs, the equipment

574.
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yes warraryted to be free of defects in materials-and workmanship /, and
I'

1..'
that if such defects ar ,found within a crain period of time afte'r

\
'initial use, correction or replacement will be made without cost to

4

the'user'... Most of the supp,liers of solar,equipment do not currently..
/ ,

,

offer any type of warranty. Aifew, larger companies involved in solar -;

equipment manufacture are offering One-year limited warranties. One

company marketing an air system offers a 10-year limitediwarrant.Y.

There appear to be no manufacturer's guarantees as to thermal

efficiency Ir heat delivery capability of solar equipment. Although

manufacturers are providing that type of infdrmation An the'fr sales

literature, they are not guardnteeing the perforMancein the field.

To a certain degree, this omission is due to the inability of the' manu-

facturer to control the quail* of the installation. In addition,

manufacturers supplying onlycertain co'illpOnents 04 a system,,stch as

=

the collecto'r, cannot be assured that the other components in the System

are correctly selected or integr1ted with their own product. Thus,,

inferior performance might well be due to factors other than those

controlled by the collector m6nufacturer. A performance warranty,would '

thus be IdifficOlt to establish and maintain.

Still another problem in providing a meaningful perforMance

warranty is the great variation,in climate encountered and the.praetical
__ e 'k

difficulty in accurately measuring the output of th4 installed equipment.

Insthmentation is usually. not proviced, so measurement of 'performance

js'likely to be an expebsive investigation by an .experienced engineer.

, Disputes, litigation; and other problems would be inevitable..

Practical performance warTantiesfshould beconie available for com-,

plete solar heating systems provided by a single manufactUrer, assembled

575
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. _

,and$,installed by a ingle responsible indlviddal or r 11 .The manu.-

fktur* could'then,guarantee the system to the installinglirM which/ ,
m

in turn, would' guarantee i.t to the purchlser: An'eae-of d4spute; the
4 . :s

installer could measure system performance in the presence of the owner

and a third party, if'dema.nded, for determinationof'conformance.

inadequdte., torrections"would be aedeFAn compliance 'with the warranty;

and the installer and manufacturer would ettbdisV responsibility for

the departure from specifications.

I
.

Such developments as the'Home Owners Warranty (HOW) program;

sponsored by thejational Association of Home Builders,
!

can be'expected

to have, an influence on solar heating equipment guarantees. Under the

.

HOW program; all defects, in a'residential 'structure will be corrected

at no cost' to the owner during the first three years of use. 'It may be

expected that solar heating equipment will have warranties conforming

with such .a program. Manufacturers will then be required to guarantee

to the dealer and installer the ecessary support for compliance with

this program.

The solar equipment manufacturing industry unfortunately includes
PC

several small suppliers having practically no exq rience with solar.

equipment and offering no warranties of any kind.. Purchasers of such

equipment hay.,vtry little chanCe of reimbursement for costly failures.

Even if a small, marginal*manufacturer offers some sort of warranty, a

purchaser does nft'ha've much assurance that the manufacturer will remain
t

in business long enough to make

/

good on'its guarantee. In the event of

equipment defect or failure, the owner (or installer,if guaranteed by

,him), would suffer the loss. These and other topics are diScusSed in

the previously mentioned government report, "Buying Solar', pub-I -ished

in June lb76 by the Federal Energy Administratton and HUD.
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INTRODUCTION

The solar system that- are described In other, modules of .this

. manual- are cost-etffective_systems that havebeen installed and operated'.

.Dafa obtained from experimental systems' inditate that they function
%I'

'

o
U

ti

,
satis,factoryiy residential buildings. Fluids that are

solar energy in flat -late collectors are',s.uffsiciently hi

ture to heat space and hot water and to provide t

h'e'ated by

h in tempera-

to drive
, .

an abiorption cool ing-machi he: Al though efficiencies of the systems

vary, there generally about.3Vpercent and,'Wiile such an:-effi.ciency
Art

is satisfactory; ift it can be -by better compohents,at lower.

oenergy cost, file improvements .are w rthwhile. A nuwber of new features.

acid components of-systemsare being researched and many could improve
I , .

system- perfOrmance significantly.' Flat-plate collectors can be improved
1

with select'lye
e

coatings or redesigned to provVe, greater efficiencies in
¢ , . I

Iheat collection,. 'Storage with latent heat materials,tould provide
.... ... . .

.great er*.lieat 'capacity `in more co pact space, .and storage for liquid
.0

.;.v . ,
with

.
systems wlfh direct tontaet _heed' exchanger to..timinath.some hardware,

JO"

a . ,
would improve system perforanc . If 4ir conditioning equipment using

) .

'solar- heated air could be dev.1 ped, the air-heating 'solar systems could '

be us'ed.thro ghoUt the year foriheatimj and cooling. These and many
..t.

other future prospects are: in. s ore ,for solar heating and c hg systems.

Lp

;

0

OBJECTIVE ..
,

. 1.
o ,

. ,

This module :describes some prospective
.

features and Components iri ,
I* .

solar heating' -and tooling systems that ,could imprae overall sXs.tem
...f...., , I , , . . . ,

<Fperformance. The,o'bjective of ,the trainee is to know, someof the new

4111°

i.
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features thatcould become economical to add- to the systems described in

thi's Course and to recognize that considerable research and devel t'

effort js-being devoted'to -component hardware in,solar heating anal cool-

ing systems.

, . .
..

' 3 ., i
4 i

SOLAR COLLECTORS .

i'
.

, ..4 .t .
f

/
The most important component in a sdir system which could impfoVe

.. performance is the solar collector.. Improvements which will increase

efficiency of energy collection and reduce the delivered 035t5 are

particularlywortile. Among many interesting possibilities are the

addition of selective surfaces to absOrbers% and collectors 00 the air

evacuated from around the absorber plates to reduce heat 14Ses end

C improve 'collector efficiency.
,

6

SELECTIVE SURFACES

'Selective surfaces have high absorptance of'solar radiation, and

eralitonce of long-wave radiation. There are a variety of selective

tila:; could be used in flat-plate collectors; 4nd some are being

tested on experimental units. Several coatings 'such a cooper oxide

and black nickel have been available for a longtime, ut technical

problems and cost have limited their Use. Black chrome appears to hold

,6110. flat-plate collectois are piresently'available with

such absorber'Coatings. ;Chai-acteristics of some selective surfaces are

!listed in Table 22-1.

"Ir
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Table 22-1

SelectIve Surfaces Characteristics

r,
Coating , Absorptance

. .

Emittance .

Converted Zinc ''''

Black Nickel

Black Chrome
_ .

0.90

0.88 .

0.9

'

'

0.071

0.066 -

0.085

EVACUATED TUBE COLLECTORS

Evacuation-of the air around-the absorber plate.is potentially a

sigqificant improvement in solar collectors. There are a numberbf

different designs that are being assembled and tested,-and at last one

manufacturer makes them in moderate quantftiei. ''Evacuated collector's

will produce more us ful'heat than. standard flat-plate collectors under

the same sun and weather conditions because the losses from the absorber
C

are greatly reduced, With a vacuum surrounding the absorber, conduction.

and convect ion losses,are effectively negligible and, if the absorber

coating is .a selective surface; the radiatiOn.loss.is

One design, b' Corning Glass Works, is shown in Figure 22,71.

inside an evacuated glass tube which is four_inches in diameter` ,'s a

copper absorber plate with a selective surface. Bonded to the pla e

is a dopper U-tube which carries the heat transfer fluid. The endsi\

of the tube protrude through one end of the glass tube,and the absorbe.

plate is free to expand toward the other'end. .The efficiency range of
-

,

the'collector varies from about- 75 percent when the inlet fluid tempera-

',ture is low to about 60 percent when the fluid is near the boiling'

temperatureof water. Mgst flat-plate collectors have high efficiency

with loiplet fluid temperatures, but have low efficiencies when the

fluid temperature is. near 200°F. The evacuated tube collector has a

582.
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MOLDED RCASTIC MOUNTING
_WITH- MANI E0kLD,TUBES

0-rr

;0'
o

a

f

4 INCHES

-'3,44 INCH

3/3z INCH:THICK
PYREX GLASS TrUBE

40BSORBER SUPPORT
CLIPS

1/4 INcH'op
COPPER TUBING

1/32 INCH 'THICK
COPPER ABsoptiR

..PLATPE

..c

$

4

ABSORBER SUPPORT
CLIPS.(5/ABSORBER) ,

5/8 INCA
TUBE SPACING'

.

MOLDED PLASTIC:
MOUNTING

TYPICAL TUBE DETAIL

Figu.re 22-1. Schematic of the Corning Glass Works Evacuate

* Solar Collector
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signifidant advantage when producing high temperiture heat to the system

and can be used effectively with solar cooling units where high tempera-

ture fluid is needed:'..

An,evacuated tube collector design by the Owens-Illinois Glass Company

is shown in FigUre 22-2. 'There are three concentric glass tubes.with the

intermediate one coated with a black selective surface. The vacuum is'

betWeen the outer and. intermediate tubes. Fluid is transported through
4

0

the inner tub and, as it passes through the annulus in contact with-the

. absorber tube, beat transferred from the glass to. the fluid.
, er

two other evacuated tube collectors are being experidentally tested.
,

.

N ' one by the Central Electric Company for use in air-heating systems and

. .

another is b, the Philip Oimpany in West Germany', for liquid systems.

.,.

Many variations in design clfavactited tubel.collectcos.are possible, -.:.

apd different designs will gradually advanceto the practical stage.

4e.

ti

CONCENTRATING COLLECTORS

Concentrating collectors are used when very high temperature fluid,

is.needed to drive heat engines or to be used in industrial processes.'

If concentrating collectors can be'designed to he more efficieht than

flat-plate collectors, operate reliably, and with little maintenance soA
.

.
.

..,,:

that the cost of Ivering.energy is low, then such collectors can have

). !

potential uses in-residential solar 'systems, Eiperience thus,far has

indicatedo'herwise, but there is considerably research underway and

yegii designs . concentrating collectors are being developed.

bne type of low concentration collector is being developed by the
1

Northrup Company and is being tested.op a number of solar systems for

large buildings. A linear focusing collector with a-Fresnel lens is the

. , .

typ4 being developeckand is showrn in Figure 22 -3. The °collector is '

4
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FRE SNEL ;
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e

1

\.,
It

i
.

BRIGHT , i
ALUMPUM sANODIZED B
REFLECTOR

VI-

COPPER
BLACKENED

ABSORBER

4%4

N -

HOSING INSULATION
I

Figure 22-3. Eresnel tensStrip Solar Collector

mounted with the axis in the north-south'directiori and tilted at an .angle 4

with respect to the horizontal plane. The collector rotates frorfi east to
4 . 44

- ,

west during the day so that the direct 'rays from the sun are focused into

:the .absorber tube. A ,distinct disadvantage of concentrating collectors

,

. -VS" that only the direct rays frbm the sun are used, as the diffuse radia-
.

tion /cannot bef focused.

.. 511-IERMAL STORAGE

Considerable research is be'ing devoted toward the utilization of

salt hydrates and other phase-change materialsfor storage of latent,.

heat. The principal,difficultles are packaging the storage matehial

587' (
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and stratification or.separation of the material after a few hUndred

\ ' 1

.

cycles of'phase changes, One,advantage in the use ofsphase Ange =
,

materials is supposedly thesmaller storage volume required, as com=

,

pared to'water or rocks,' HoweVer, a solar heating and c6ollhg systeM

xequire s,a_water volume of only two gallons of water or one-half cubic

'\ l
foot ,of rocks' per square foot of solar collector area, and; in a fypical

.4 4

system with 500 square feet of collectors, the water volume: needed is

about 1000.gallons or4tout 350 cubic feet of rocks. When packaged

.

phase:change material is arranged in.a container with adequate'surface .

.
../

contact with the hit. transfer 'fluid from re collecto s, it is ,diffi-

. .. ,*

cult to.achieve a significantly smaller volume of
,

-s.

.
. .

.--

%..Witti propr materials there is, however, an advantage in being
1 .

'able to obtlain 4 sustained constant temperature of the heat delivered,

. from storage. This -property of latent heat storage materials tan be
,

.
11

.,
. 4

used to advantage in'solar cooling systems, both in the hot storage

and coldisOrage tanks.

.

Another futnre-prospect for storage of thermal energy is in
. _

chemi'&1, methods. Chemical storage offers technical possibilities

:

_ . . tf ,

that sensible and latent heat storage do pot. .These possibilities

include: (1) long-term storage without need for inisulatiOn and without .

h

thermal ioss, (2)'storage at high energy 'density, and (3) recovery of

st9red thermal energy at; temperatures above or below the original
.

0

. temperature; Although no thermo-chemical'system appears imminent,

conecpt at least, this method of storage'can have important

applications in terms of supply andPdemand and improving thermal

efficiency..

588-1
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HEAT EXCHANGER

The disadvantage of a head exchanger in present ltqui.d-heating solar
f

systems is the temperature df'fference needed to transfer the heat at-the

{heat exchanger. A temperature difference of'10 to 20°F has a signifi-

=cant influence-an the amount of useful heat delivered by the system. The

temperature 'in storage is low and the collector efficiency'is less.

A heat exchanger-storage combination unit is under investigation

where heat is, transferred from liquid'droplets that transport heat from

.the collector to water in the storage tank. A liquid that is immiscible

in water, is pumped through the solar collector and through the storage

tank as droplets. If the density of the.liquid is substantially different

from that ,of water, the liquid droplets will either rise or descend

throu'Rh the water in the storage tank. A schematic of a heat exchanger-

. storage unit is shown in Figure 22-4. For the illustration shown, the

4

LIQUID

WATER. SURFACE

HOT WATER
TO LOAD

COLD WATER
FROM LOAD

UMP

o
0 0 0 o 0,

0 00 0 o0
00 o o 0

0 0 0 o._WATER HEAT
0 00 00 0 00° STORAGE AND

A-
. 0 0 0 LIQUID BUBBLES

o `O 0 o 0
0 o

o 0 0 0 0
o
o o 00__ 00

0
o 0o . o 00
o
o 0

0 0

TOP OF LIQUID
( SURFACE)

PERFORATED
PLATE

CONICAL
BOTTOM

ATER LIQUID
INTERFACE

'LIQUID -

Figure 22-4. Direct Contact-Liquid-Liquid Heat Exchanger
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liquid is he'avier than water. The liquid is deliVered,to the top Of

,the,tahk, is broken up into droplets at the perforated plate, and collects

in the bottom-cone. The temperature difference between the droplets and

the storage water is only about 1°F or less, with substantial heat trans-

feroccurring across the large collective area of the droplets. There

are' several possible liquids that can be used and, although not named,

their properties and approximate costs are listed in Table .22-2.

Table 22-2

Properties of-Possible Collector Fluibg-

Fluid 1
Free2ing
Point

(°F)

Boiling
Point
C°F)

Specific
Grdvity-

Cost
($/gal )

1 -31 698 11,16 - 2.98

2 : -36 734,, 1.208 6.91

3' -31 641 1.048 3
.
32 ab,

4 . -41 568 1.120 3.46--

5 -27 415 1.043 l$.45
.

6 -13 770 1 162 8:63

7 -76 782 0.927 3.79

8 -67 478 0.913 9.80

SYSTEMS

At present the only commercially available cooling unit in small

.size that,- is operable with solar:energy is a lithium-bromide absorption

cooling unit: As mentioned elsewhere in this manual, there are a number

of different experimental cooling units that are being 'developed, such

as. the heat engine-driven' refrigeration machine and aMmonia-water

continuous cycle Ohit.

5K)
tv

c.

0

I.



,

2Z-ll'

AI .

,

. . ,
,

There is also.significant.effort being made in the development of

so-called tt) tal energy systems,.where high temperature heat from solar
.

energy is used to generate electricity and the low temperature "waste"
x

heat is used.to heat and cool a cluster o.( buildings. Such systems are

likely destined for spec-i4.1q0flise in grouped facilities such.as

military bases but, with some variation, may servea number of homes or

apaitfient comple2es.

In the long term, development of photovoltaic systems for residen-

.tial buji-dings is a pOssibility.. Electricity that is generatedcould
H

operate the heating and cooling system in the house-.-- Whet

,

voltaic systems will ever be low 8.- n cost to be competitive with
4

electricity.generat-aItiom fossil or nuc\e'ar fuels is an open questiO,n,

but a.considerable amount of effort is being devoted to improve efficiency

and-reduce the costs.

Other improvements in systems which utilize solar energy are hybrid

sys,teMs consisting of passive as well as active components. There has
. .

not been much effort toward development of passive systems except-<by

architectural treatment'of windows. While this effort has been stgn-ifi-

oanti more direct heating of residential space with passive systems may

minimize the size of the active componehts and ,thereby reduce overall

costs.

f
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