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ABSTRACT
SOLAR ENERGY AND SHELTER DESIGN by Bruce Anderson

Submitted to the‘Department of Architecture on 24 January 1973
in partial fulfilment of the requirements for the degree of
Master of Architecture

One of the major contributions to the global environmental crisis
is our misuse of energy and our inability to harness certain en-
ergy sources, Our country is one of the primary culprits in the
crisis, but there are many people who would like to participate in
the solution, One means of participating is to develop an active
relationship with the natural environment, This thesis will help
people to develop that active relationship by helping them to des=-
ign with solar energy, This will be done primarily through three
major sections: 'The Issues', 'Designing with the Sun', and 'Solar
Energy Collection and Utilization,'

The first section discusses the environmental situation which re=-

quires new attitudes toward living: it discusses those attitudes,

especially those which affect our use of the sun's energy; it dis-
cusses some of the effects of using the sun's energy.

Section two deals with the misuse of energy by showing energy-eco-
nomic tradeoffs of various design alternatives which relate to how
buildings use the sun's energy. It is shown that by making adjust-
ments in our values (both economic and attitudinal), by making the
‘information which we have about the energy losses of buildings more
understandable and usable, we can reduce the heat loss of buildings
and reduce the use of mechanical, energy-consumptive devices (es-
pecially those which burn fossil fuels%.

The third section analyzes our ability to directly harness solar
energy (in spite of all of our efforts in section two we may still
need mechanical sources of energy), Again, by making adjustments

in our values and by better understanding the available information
on solar energy collection, storage, and utilization, it is shown
that wider application of such energy is practical,
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HE GLOBAL CRISIS environmental decay, hunger, war, over population,
natural resource depletion

The goal of behavioral processes in a stable system is to
achieve an optimum output - nevetr a maximum one, (ED - 3)

1) 1f the present growth trends in world population, industrializa-
tion, pollution, food production, and resource depletion continue
unchanged, the limits to growth on this planet will be reached some-
time within the next jne hundred years, The most notable result will
be a rather sudden and uncontrollable decline in both population

and industrial capaci:y,

2) It is possible to alter these growth trends and to establish a
condition of ecological and economic stability that is sustainable
far into the future, The state of global equilibrium could be
designed so that the basic material needs of each person on earth
are satisfied and each person has an equal opportunity to realize
his individual potential,

3) If the world®'s people decide to strive for this second outcome
‘rather than the first, the sooner they begin working to attain it,
the greater will be their chances of success,

(LIMITS TO GROWTH - 23)

I

| do not wish to seem overdramatic;
but | can only conclude from informa-
tion that Is available to me as Secre-
tary General, that the members of the
United Nations have perhaps ten years
left in which to subordinate thelr an-
cient quarrels and launch a global pa-
rtnership to curb the arms race, to
improve the human environment, to de-
fuse the population explosion, and to
supply the required momentum to devel-
opment efforts. If such a global part-
nership is not forged within the next
decade, then | very much fear that the
problems | have mentioned will have
reached such staggering proportions
that they will be beyond our capacity
to control -

U THANT

1969

Most persons think that a state in
order to be happy ought to be large;
but even if they are right, they have
no idea of what is a large and what
(is) a small state....To the size
of states there is a limit, as there
is to other things, plants, animals,
implements; for none of these retain
their natural power when they are too
large or too small, but they either
wholly lose their nature or are
spoiled -

ARISTOTLE
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@ Half of the world's production of petroleum to 1970 took place :
during the '60's, (FC = 5)

® 01l wells are going 30,000' -« previous limits of 15,000' -
more drilling, more energy expenditure, is required per success-
ful well, (SR = 1)

® In 1970, the US used 685 x 1013 BTU, 1/3 of all of the enersy
used in the world, (Ed Allen, MIT, 20 Mar '72)(US is 6% of the
world's population and uses 35% of the world's energy -1971)
(SFFP = 653) !

® The utility industry projects electricity consumption "to
double between 1970 and 1980, and almost to quadruple by 1990,"
(SFFP - 654)

® From 1970 to 2000 the US will use more energy than it used pre-
viously, total, (Ed Allen, MIT, 20 Mar '72)

- @ Energy consumption in 1970 in the US was equivalent to each person
having 80 human slaves,(SFFP = 654)

@® If we satisfied our power requirements which are projected for
1980, up to 1/3 of all the water in our rivers and lakes would be
necessary for cooling, (PC = 5)

® If, by 2000 AD, 75% of our electricity is nuclear generated, we
would have a 735,000 megawatt capacity =-- at 33% efficiency, that's
30 million pounds of nuclear waste/year,

® With present known global reserves and with the projected rate of
growth in the use of those reserves, it is calculated that we have
22 years of natural gas and 20 years of petroleum left, (LTG - 58)

® Residential and commercial lighting, heating, cooking, air con-
ditioning and electrical appliances used 23,2% of the total US
energy in 1971, (SFFP -663

® Space heating consumes nearly 20% of the fuel used in the US,
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® 420 Bruh/ft2 (700 cal/cm2 - day) of solar radiation strikes oute
side of the earth's atmosphere, the equivalent of 0,7 tons coal/
acre - hr, (ETA = 50)

® 330 Btuh/ft2 reaches sea level through a clear atmosphere, the
equivalent of 97 watt-hours, 255,000 foot-pounds, 0,13 hp-hours,
2; mph wind/fté hour, 300 gallons Hy0O falling 100 feet, % cubic
foot of manufactured gas, ?FUS - 12

©® Solar radiation is the most abundant form of energy available to
man, That which hits 0,5% of our land is more than the total
energy needs of the country projected to 2000 AD, (SET - 1088)

® A 33 foot-square roof (100 m?) can receive in 8 hours on a bright
day about 500,000 kcal, the equivalent of 2,000,000 Btu, 150 1lbs

coal, 15 gallons gas, 58 kw electricity if 10% efficient, (IUSE =2)

® Solar energy could supply half of the 20% of the total US energy
consumption that is now used for residential and commercial space
conditioning, (SET - 1088)

® Solar space conditlioning could be cheaper now than using elec-
tricity and could be competitive with the use of gas and oil when
they double in price (which they will in a very short time),
(SET - 1088)

® Fossil fuels are not optimally used as a source of space condie-
tioning since such work requires much lower temperatures than
these fuels optimally produce,

@ Low operation temperatures of a solar space conditioning system
decrease the possibility of fire,

@ A solar energy system doesn't use fossil fuel (a rapidly depleting
non-renewable natural resource).

® A solar energy system doesn't pollute (smoke) or produce waste
(ashes),

® A solar energy system requires low upkeep costs (but high initial
investment),

"It is the predicament of mankind that
man can perceive the problematique, yet
despite his considerable knowledge and
skills, he does not understand the orie-
gins, significance, and interrelationships
of its many components and thus is unable
to devisge effective responses, The faie
lure occurs in large part because we
continue to examine single items in the
problematique without understanding that
the whole is more than the sum of its
parts, that change in one element means
change in others,"

(LTG - 11)



The ecological crises of natural resource depletion
) high energy consumption
' land destruction
pollution
are manifestations of a much larger problem
dis-orientation
discontinuity
insensitivity
of and by human life of and from
a total realization (even partial realization)
of our place as life-creatures in time and space
. here and now
Earth, 1973 -
A reliance on the god of technology
the ingenuity of the scientist
_ the inventor
the confidence in the 'specialist®
the dependence upon the omnipowerful tool - money - to
get us what we need
what we do not need
the lack of global
national
personal self-confidence which we long
previously surrendered to the secular gods - .
Men's limited relationship to his environment, both built
and unbuilt
is part of the total problem
dis-orientation

We have great difficulty seeing the grand inter-connect=
edness of our many decisions
indecisions
non~decisions
with the many decisions
indecisions
non-decisions of the world around us,
Building an environment where before there was only the
natural environment is a decision which has far-reaching
effects, Designing that built environment without deeply
considering the macroe
micro-environment around it is sheer idiocy,
When we build, we must have a clear understanding of the
origin of the materials which we use
of the processes by which they came to the site



to thus ultimately become consumed by this built envire
onment,
We should have a clear sense of what the implications are
of the mechanical systems
appliances which we incorporate into this

built environment, in terms of the natural resource cone
sumption and pollution production
which went into their manufacture

which goes into their function

maintenance

in terms of what it means about our
relationship
non-relationship to the natural
environment =«

Less technologically developed cultures have used a variety
of methods of acknowledging their dependence upon nature:
rituals of supplication !

Joy
submission
worship
ornaments
jewelry
artifacts
built environments = single houses
great pyramids
spatial arrangements of groups
of buildings =

In many cultures there are, to varying extents, acknowledge-
ment of the power of the sun, Not only does it bring
warm relief from cold weather but it burns the very
energy out of the body when the warmth becomes instead
unbearable heat, Not only does it make the crops
grow tall and green, but it scorches them to useless
tinder -

As man develops technology

flexes his scientific muscles, he increases his
desire to more
more
more control nature, With regard to the
sun, he wants it when he wants it
at the right temperature
when he wants rain instead he makes it,

Too often he does not understand the meaning of
shelter, ambiguously sheltering himself from all of
nature's elements simultaneously, with one sweeping
effort at enclosure, His awareness of the special
qualities of sun-shelter swiftly vanished in the
bustle of controlling what he can of the world
around him -

The use of solar energy, whether it be for heating

cooling
lighting
or the

generation of electric power, can, with the proper
sensitivity to its nature, redevelop within us a deeper
understanding of

a closer relationship with both our built environe
ment and our unbuilt, natural environment, Such an
understanding might be only a piece of the total pro=-

‘cess of redeveloping a total ecological understanding

of a harmonious relationship with our home
planet Earth -



USE OF NATURAL RESOURCES IN SOLAR ENERGY SYSTEMS

A flat-plate solar heat collector embodies an element which must be
given a great deal of consideration when choosing materials., This ele-
ment is the coilecting surface, which in many cases has been made of
aluminum and coated with flat-black paint (the MIT solar house IV
used two coats), The water-circulation pipes through which the heat 1is
conducted from the aluminum to the water have often been of copper,
Both aluminum and copper are among two of the non-renewable natural
resources which are in very short supply,

At our present rate of usage and with our present known reserves,
aluminum ig due to last 100 years and copper 36 years, At our present
exponential rate of growth of usage (We use more and more each year),
the present reserves would last only 31 years and 21 years respective=
ly. Should we discover five times more of these precious metals than
we now know about (being optimistic!), those numbers become 55 years
for aluminum and 48 for copper. (LTG - 56)

Since the collection of solar heat is part of an effort to live
more in harmony with our home, planet Earth, every effort should be
taken in the design of the system to respond to that sttitude, The
ecological tradeoffs (in this case posgible higher efficiencies with ,
aluminum and copper against lower efficiencies using renewable nate
ural resources) must be weighed taking many considerations into acc-
ount,

For example, if efficiency is decreased by using alternatives to

10



aiuminum and copner) is it significant enough so that a larger coll-
ector must be built, thereby using more of some other natural re-
source (which we hope would be renewable)? Or if a larger collector
is not built, does the auxiliary heating system (which wéuld have to
satisfy a larger percentage of the heating load)run on precious fuels
(o1l or gas) which are also non-renewable and in very short supply?

What are the consequences on the depletion of non-renewable nate
ural resources of using alternative materials? For example, plastic
pive is used instead of copper, Plastic may be either wood- or pete
roleum-based, With proper management, wood is a renewable natural re-
source, but many petroleum-based plastics might be considered as a
poor alternative to copner, depending on the amount of petroleum used,
the manufacturing process (water-use, energy-use, and pollution resul-
ting from manufacture), and life-expectancy of the product (use of
short-lived products is generally ecologically=-poor practice),

Asphalt may have an absorptivity as hiéh as 97% (this needs to be
checked); the aluminum-copper tube assembly of the MIT House IV had
the same, Metals other than aluminum'are being investigated for absor-
ptivity when coated with black paint, It may be found that the main

advantage to aluminum is its light weight,

11



SOCIAL IMPLICATIONS of increased house cost

-

There are several social implications due to the higher initial cost
of a solar space conditioning installation, Already the sale price of
houses is so0 high that a very large percentige of our population is
unable to afford them, They are unable to make a down payment and to
pay high monthly mortgage payments, Many efforts are being made in
the building industry to control costs, buttprices continue to rise,
as much as 45% in five years, It has been suggested that one way to
decrease initial cost is to encourage the utility companies to own
the mechanical equipment of the house (decreasing the initial cost)
and to then rent it to the homeowner, A similar means might be used
to lessen the financial burden of a solar space conditioning system,
Perhaps there should be government tax incentives to encourage its
use, taxing heavily homes which use fossil fuels (including electri-
city which is generated by fossil fuels) and which pollute the air as
they heat the house, or giving tax breaks to those who use solar
heating,

Community and collective approaches to housing can also ease the
financial burden through a sharing of land, space, and utilities.
Exploration should be made into the economic desirability of large
community collectors and storage systems, The collector, for example,
might help to shelter a community activity, Perhaps a community acti-
vity or factory could maké use of the collected heat during the spring

and fall when it is not needed for space conditioning (for example, a

This is difficult to intuitively
believe, however, since it seems ad-
vantageous for both the collector
and storage to be contiguous to the
space they are heating so that some
of the inefficiency of the system
due to heat loss will be regained
by capturing some of that loss in
those heated spaces. However, this
possibility is explored in section
three, 'Long-term Stofrage'.

12



community swimming pool). 1f each house had its own collector, per-
haps the excess heat collected by them during the spring and fall
could be given to the community in eiihange for auxiliary heating

from a centralized source during the winter,

13



Listed to the left are companies who
make things for the home - and who

make war Products ..ecesececsoscncssee

The introduction of solar energy use

in this country on a large scale is as
much a political issue as it is an eco~
logical one, The large energy-producing
and -consuming corporations of this
country have powerful voices in our fed-
eral legislative and administrative halls,
Pollution control laws and repeals of
resource depletion allowances, for ex-
ample, are fought bitterly by this
group, The federal government should
consider laws aimed at all levels of en-
ergy consumption to discourage the use
of fossil fuels and encourage the use

of alternatives such as solar energy,
HUD could be a leader in this, not give
ing FHA loans to energy-wasteful hous-
ing designs, or giving lower interest
rates to those which use alternatives
such as solar energy, Solar collection
devices could be freed from property

taxes,

I. Companies Who Make War Products--Who Make
Things for the Home

ALUMITIIM CC. OF AMERICA  Wear-ever utensils,
AlTcoa wrap, Cutco cutlery. Also: 2.75 Inch
rocket motor tubes.

AMF_IMC. Voit ruboer, sporting goods, Harley-
Davidson motorcycles. Also: Mk 82 bomb parts
and metal parts for 750 |b. bombs.

BULOVA WATCH CO. Watches. Also: fuses for rock-
ets and anti-personnel projectiles, includ-
ing the 50 mm white phosphorous projectile.
White phosphorous ignites on contact with
the air and continues to burn even when Im-
bedded in flesh,

E. 1. CuPONT deNEMOURS AND CO. Teflon, Cantrece,
Orlon, Mylar, Dacron, Lycra and Duco.

Also: TNT, rocket propellents, dyna-

mi te.
EASTMAN KODAK CO. Cameras, film, office sup-
plies and coplers. Also: mylti-milllon

dotlar contracts for various explosives.

FORD MOTOR CO. Philco, Ford and Autolite.

" Aiso: Shillelagh missile systems, systems
for Chaparral missile, electronics equlpment.

GENERAL ELECTRIC CO. Refrigerators, washers,
dryers, stereos, etc. Also: Mk 73 Tartar
missites, Chaparral missile guidance,
guidance and control systems for Polaris and
Mk 3 Poseidon missiles.

GENERAL MOTORS CORP. frigidaire, autos and auto
parts. Also: M 16 weapons, Mk 48 torpedo
warheads, 81 mm projectiles, parts for 105 mm
projectiles, 155 mm self-propelled Howltzers.

HONEYWELL INC. Computors, Pentax, Roltei and
Eimo photographlc equipment, and thermostats.
Also: Minutemen || components, Mark 46 tor-
pedoes, Rockeye || cluster bombs, white phos-
phorous anti-personnet mines, and guava
bombs. A "mother" bomb contains hundreds of
gquava bombs, each of which release In turn 300

(P P-22)

steel balls, which explode, fliling the
alr with a deadly hall. ‘
INTERNATIONAL TELEPHONE AND TELEGRAPH CO.
wns Contlnenta ng which makes Wonder-
bread, Hostess Cupcakes and Morton Foods
*and owns Avis., Also makes: electronic
counter-measure equlpment,

MOTOROLA_INC. Stereos, radlos, TV, tape re-
corders, Also: 40 mm shell fuses, bomb ~
proximity Fuses. .

RAYTHEON CO. Refrigerators, alr condltloners,
gas stoves, electronic tubes. Also: Chap-
arral missile systems, englneerTng for Hawk
missiles, control systems for Sidewinder
misslle, advanced development for SAM-D
missile.

RCA CORP. TV, radlo, etereos, records, Hertz,
NBC, Whiripool, Random House, Madern Library,
Pantheon, Knopf. Also: Fuses for Zunl -
rockets, development of Advanced Surface
Misslle.

SINGER CO. Sewing machines, vacuums, record
players, furniture. Also: Modification of
Mk 48 torpedo, Instrument dev. Advanced
Ballistic Re-entry system, guidance for
Poseidon missile.

II. Other Companies with Major War Contracts

ASIATIC PETROL Indirectly refated to Shell
Qi 0.

AVCO CORP. Paul Revere Life Insurance, Sea--
board Finance Co., Carte Blanche Corp.

GENERAL DYNAMICS CORP, Assoclated Finance
Corp., Strombert-Carison Corp.

GENERAL TELEPHONE AND ELECTRONICS CORP., Syl-
vanla radios, ITghts, TV's, felephones.
GENERAL TIRE & RUBBER CO. Ohio-tires, tubes,
rubber products, Pennsylv. Champlon tennis

balls, RKO-General, Inc.

1BM  Typewriters, etc.

KAISER INDUSTRIES Atum!num products, Willy.
Jeeps.

LING-TEMCO-VAUGHT, INC. Wilson sporting goods,
University loudspeakers, Braniff Alrways.

LITTON INDUSTRIES Stouffer Foods, Cole Steel
Equipment, American Book Co., Van Nostrand
Pubs., Royal Typewriters,

MAGNAVOX Electrical entertalnment equlpment,
band instruments, Consolidated Furniture
Industries..

MOBIL OIL All Mobil products.

NORRIS fNDUSTRIES Waste King gas and electric
ranges, ovens, dishwashers, space and water
heaters, garbage disposals.

OLIN CORP. Pool chemicals, Insecticides, fer-
tilizers, Winchester firearms:

PAN AM WORLD AIRWAYS All Pan-Am IlInes, Inter-
continental Hotel Corp., Grandes Hotels,
New York Alrways.

SPERRY RAND CORP. Health and beauty care prod--
ucts, Remington shavers and typewriters.

STANDARD OlL Chevron, Standard, Humble OF 162.




WORL

Introduction of the use of solar energy into third world countries is
as complicated a problem as is its introduction into the countries of
hiéher-energy use, As third world countries increase their energy de=-
mands and raise their standards of living, they may see solar energy
introduction as a ploy for Western countries being able to hoard for
themselves the diminishing supply of fossil fuels, If we should be
able to get around this issue, there are others:

These countries generally are in the warm belt of the world and
need cooling mechanisms more than they need those for heating,
The technology for using solar energy for cooling has yet to be
developed at an unsophisticated level applicable for use in
‘underdeveloped' countries,

Even if solar cooling devices were properly developed, the demand
for solar devices would more probably be for those which could
pump water for irrigation, refrigerate food to improve diets, or
generate electricity, .

Appropriate solar devices should require little, preferably no,
auxiliary electricity for their operation, They could permit mod=-
erate and simple use of auxiliary fuel (which is usually very ex-
pensive in third world countries). They should be a very low in-
itial cost and should take into account the use of local materi-
als (many countries do not manufacture glass, or aluminum, or cop-
per....) Cheap and plentiful labor might be available for un-
skilled construction and daily manual adjustment or the orienta=-
tion and tilt angle of solar collectors,

The appraisal of 'need' in such countries is difficult ,,, Do abori=-
gines ‘need' radioes? hot water? This appraisal is the most important
and difficult part of almost any aid to other countries, and the ine
troduction of solar energy utilization is no exception, (No answers

are given here),

15



GN _AND ECOLOGICA ECHNO

The architectural significance of the integration of ecological teche
nologies into built form lie far deeper than trying to synthesize,

for example, a huge solar heat collector and concomitant huge storage
tank into an architectural whole, or in trying to use alternative eco-
logical mechanical accesgsories, for example, low-waste-producing
toilets, Inextricably interwoven into the broader understanding of

the interrelationship between ecology and architectural design is an
awareness of man-nature-man-nature,,., (If in fact we dare even to be
bold enough to semantically separate man and nature).

An intense awareness/understanding/sensitivity to this man-nature
interaction is in fact a requisite foundation for making a contribue
tion to this interaction through the application of ecological princi~
ples to built form., Since the advent of homa sapia, individuals and
groups have searched for, and to various measure have succeeded in
discovering, man's role as a member o% earth's living community, Art
and architecture have released some of the most sensitive conclusions
to this search, and the man-nature synthesis potentially evolves to
higher heights with each such contribution,

It is no secret however that our technology has and is designed
for the most part to exploit the abundance and generosity of this pla-
net, but we have the beginnings of a ‘rebirth of wonder', as well as
the techﬁological capability to truly act and interact with nature in

a positive, contributory way, Such a contribution requireé an intense

16



awareness/understanding/sensitivity to the man-nature interaction,
Man is at a crucial point in his history: he can synthesize technology

and nature, but not without this sensitivity,

17



INTEGRATION OF SOLAR ENERGY with other life functions

Too many solar researchers have seen the use of solar energy in the
very narrow context of simply replacing the existing job of fossil
fuels without investigating what other changes might be necessary in
other facets of ourlives which are in some way affected by the global
energy crisis, Solar energy collectors are tacked onto a house which
is designed in such a way as to be sold to a ‘contemporary' or 'mode
ern' buying public, The dwelling may have extra insulation, heavy
curtains across the windows, or even triple glazing, but the owner is
not in other ways aware that his heat comes from the sun, Engineers
and scientists, in developing solar systems, have just assumed that
‘you can't change human nature' (in what other countries 1is there
such an expression?) and have tried to design systems which require
little or no owner participation in its perfdrmance. The results have
often been complicated control systems which break down, add to the
cost, and make only small gains in ovefall efficiency (when they are
working).,

Human nature may have to change, however, We are coming to a
point in human history in which the change must come, either willing-
ly of our own volition or forcefully through a series of traumatic,
perhaps catastrophic global happenings (fuel shortages, starvation,
pollution deaths). Even if the latter possibility is overdramatic, it
should be clear that we should, when dealing with solar energy, look

beyond simply tacking a collector onto a house, and judging its

18



success on its fossil fuel savings., One of the primary changes will be
in the attitude of people toward consumption = The per capita consump-
"tion Of energy and natural resources in this country is about fifty
times greater than that in India, People may decide that such exor-
bitance is unjustified, As this affects the design of their home/
shelter, efforts will be made to use less energy and resources in its
construction, in its maintenance, and in its functions, To decrease
consumption of fuels and other natural resources for the purposes of
heating and cooling the home/shelter, large efforts will be made to
design the house in a way that it will lose less heat through its

skin to the outside during the winter (but gain as much of the sun's
energy as possible), and gain less heat through its skin from the out-
side during the summer,

Most locations in the world need, in addition to taking proper
advantage of the natural processes of heating and cooling, auxiliary
man-made systems, Such systems range from simple hand-fed fires to
complicated, automatically-controlled mechanical heating-cooling-
ventilating-humidifying~air purifying-systems, The latter systems are
often needed, in hospitals for example, but too often we have ignored
the free contributions which nature can make to our comfort; we have
taken advantage of our cheap sources of energy (and assumed that they
are inexhaustible); and we have completely, or as much as possible,
isolated our buildings from the outside, introducing technological,
resource-consuming devices to regulate the inside weather (often lea~
ving no control to the actual users),

Thus as one change will be the attitude toward conlumption. anoth=-

er will be a change in how we deal with the interface between the
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home/shelter and nature, We will recognize that our natural re-
sources are not inexhaustible, that our cheap sources of energy will
become expensive, that we must take advantage of some of nature's
gifts to our heating, cooling, ventilating needs,

1t may follow from these two mentioned changes that in cases
where technological solutions no longer make sense, owner/user parte
icipation may be necessary to take better advantage of what nature has
to offer us, This in fact may be another change which we may make ~-
that instead of relying on other people (for example, builders and
repairmen) and on technological devices (from electric toothbrushes
to fully automated indoor climate controls), we will, to a much
greater extent, participate in and interact with the life functions
which support our existence,

Let us assume that we intend to collect and store the sun's
energy and use it for heating or cooling the house or for heating
domestic hot water, In subsequent pages it will be shown that there
are numerous problems with making such a system work, As has already
been mentioned, one of the setbacks of'earller systems has been the
method of incorporating them into the total scene of domestic living,
that is, the systems were simply tacked onto existing types of shel-
ters and existing attitudes and patterns of living, Little attempt was
made to incorporate them, to integrate them into other life functions,
When we try to solve problems by making significant innovative change,
it is often advantageous to investigate other areas within the total
context of the problem and the solution, Slight changes and adjust-

ments in other areas might lead to a more harmonious solution than the
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one originally conceived,

" Thus when we find that the use otlsolar energy may be a viable
' alternative to present methods of heating and cooling, perhaps, by
looking at some of the many other life functions by which we are
affected, we can more readily integrate a solar energy system into
the home/shelter situation and come up with a better solution, This
thesls deals with some of those other 1ife functions, particularly
those which are related to the heat loss and heat gain of the home/
shelter, It has been suggested earlier that a method of solving the
solar energy problem might be to look at the community level of coll-
ection and distribution, But there is another important area of in-
vestigation which could lead to better solutions: just how can all of
the life functions work together in such a way so that the inefficien-
cies of some will be balanced by the efficiencies of others? Or,
another way, is it possible for the total set of life functions to
operate more efficiently (using less energy) if they were more integ-
rated with each other?

There are many scales at which to éirect research into such an
integration of functions, An example at a very large scale is the
economic advantage that seems to be derived from using the heat gen=
erated by the insides of a building to help balance the heat loss at
the exterior skin of that building, At an even larger scale, warmed
cooling water from electric power generators is being distributed to
homes for heating purposes,

At the level of domestic solar energy use, it will be shown that

an auxiliary heating system is necessary for those times whin there is
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not enough sunshine or when the heating demand is too great, Per-
haps instead of the usual investment ip a furnace, a combination of

" heat pumps, windmills, waterwheels, fireplaces, space heaters, heat
from a compost pile, or the burning of homemade methane gas would
work better (use less fossil fuels), Perhaps instead of the solar
energy system being limited to use for winter heating, it could also
be used for cooling during the summer, for heating domestic hot water,
for cooking, for growing food year round, for the distillation of
water, for the generation of electricity, and so on, thus spreading
the cost of the system over a large number of functions, Such avenues
of integration are only offered as areas of possible investigation
and will not be discussed in detail, But it is up to the people in-
volved in a project utilizing solar energy to investigate these
possibilities, The following is one such integration of life functions,
diagrammed by Duane Huntington and Jiri Skopek in "Artificial Domes-
tic Ecosystem", a booklet which they wrote iﬁ 1972,

The use of integrated systems on a self-sufficient level re-
quires an intense evaluation of each c;se. 'No man is an island®' is
especially true ecologically, There is no question that animals vary
in the extent to which they depend upon their herd, hive, pack, flock,
or other such kin group, Within the single species, "man", the varia-
tion is just as great, with different degrees of success at indepen-
dence and self-sufficiency,

A single building or group of buildings which is trying to res-
pond ecologically to the environment may have much greater success if

it makes the effort in conjunction with others, Fuller has said that
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ownership of property and things is ‘'immoral’ in these times of
limited resources, So too, it may be immoral if each 'island’ is
- equipped with everything it needs to maintain self-sufficiency, It is
necessary to evaluate in very broad terms the relative efficiencies
of various degrees of self-sufficiency, efficiency not only in terms
of personal comfort, but also in terms of consumption of natural re-
sources and energy, A

For example, at present, the domestic sector of our soclety
accounts for about 35% of the energy commercially consumed in this
country., If, through the introduction of 'total energy systems', ine
tegrated ecologically-technical systems and the like (making the
dwelling self-sufficient and using few natural resources in its
function and maintenance), we were able to decrease this amount to
10%, would we really be making progress in lowering the energy and
natural resource consumption of the country as a whole if the result-
ing situation required that the 25% change lﬁ energy consumppion by
the dwellings was merely transferred to the industrial complex which
was being required to produce the many‘individual mechanical sube
systems? We would think not (but we don't know for sure), but such are
the questions and issues which we must continually raise as we deal

with the question of solar enersgy.
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QUERYIEW OF DESIGN FROBLEMS

Let us abandon the self-mutilation which has been our way and give expression to the po-

tential harmony of man-nature. The world is aburdant, we require only a deference born of
understanding to fulfil man's promise. Man is that unlique conscious creature who can per-
ceive and express. He must become the steward of the blosphere. To do this he must design

with nature -

We must set a tone and adopt An attitude which will aid us in

approaching the discussion of energy-economic tradeoffs,

your shelter

There are a number of reasons for the use of the word shelter

instead of the traditional words: home, house, or building, It is

one of the main premises of this thesis that one way of making solar
energy collection and utilization more practical is by changing our
lifestyle, either slightly or drastically, The use of the words house
and home may carry connotations too strong to overcome,

The traditional method of collection and utilization of solar
energy is to assume that ‘people never change' and that the only way
to sell the use of solar energy to the public is to make it appear to
the -homeowner that everything in life is as it always was; he should

hardly be aware that he is using solar energy, Such a situation seems

lan McHarg
(DWN - 5)

We talk a lot these days about the
ecological revolution, about new life-
styles, and about new priorities but
we tend to think more in terms of new
versions of old mistakes - safer det-
ergents, cleaner-burning automobile
engines; that sort of thing. | don't
see that very many of us are committ-
ed to any real change, and that's a
shame because those who have tried to
simplify their lives - and | count my-
self as only one of the most timid
among them - seem to share a unani-
mous and very genuine real connection
that real riches - the kind Thoreau
was talking about - increase In direct
proportion to the simplicity of one's
life -

Malcolm Wells
(AES - h3k)
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almost impossible, For anyone using solar ed%gy. looking for the sun
is going to be first on each day's agenda., Such a person is also
going to go to great lengths to utilize the sun's energy as wisely as
possible, Thus, using solar enrgy requires new attitudes toward the
sun, new attitudes toward the conservation and utilization of energy,

and new attitudes toward home-houae-shelter'deslsn.

The use of the word shelter also implies that we are 'sheltering'’

something from something else, Such is the case, We are making an
effort, when designing and constructing a ghelter, to protect our=
selves and our activities from forces which may affect us and these
activities in ways we may not like, (Designs also seek to do other
things of course, such as to enhance the performance of the activities
and to promote sense of place and time), People are protecting them-
selves according to their individual needs (cooklns; sleeping, sewing,
reading, boatbuilding, etc.), according to their site (animals, vege-
tation, terrain, wind, other people) and according to the climate (it
would thus seem obvious that houses in northern climates would be
different from those of southern climates; this is often not the
case), By using the word shelter, it is hoped that a person can, be-
fore incorporating the use of solar energy into his structure, define
in greater detail his activities and how they relate to and interact
with each other, define what the forces are that affect those activi-
ties and how to protect and shelter himself from those forces, 1If a
person is making or has made the above analysis, then he may perhaps
be ready to take the next step of incorporating ecological principles

into the design, He may want to take the further step of collecting
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and utilizing solar energy,

ecolorical principles - the sife

A person has not satisfactorily analyzed the solution for the shel-
tering of his life's activities unless he has seriously considered
the solution in the context of the site, A’ site must be examined as
an element of a much larger order, the earth's BIOSPHERE. The dis-
cussion of the global crisis at the beginning of this thesis began

to examine this relationship, The site, the land of which a person is
steward, cannot be made into an island of itself, except figuratively,
becoming highly self-sufficient, or literally, surrounded by water or
walls., But the survival of the land is dependent upon its interaction
with the entire biosphere,

A lot of words have been written about how the biosphere, the
site, and the shelter respond to and inter-relate with each other, It
is becoming clearer that one of the primary roles of the intelligent
animal, homo sapiens, is the intelligent stewardship of this'pllnet.
More direct use of the sun's energy (such as solar energy collection
and utilization, windmills, solar cooking) than was previously the
case may aid us in achieving a new sensitivity to our inter-relation-
ship with the natural environment, As this attitude concerns owned
land, we may come to regard ourselves as stewards rather than, or as

well as, owners, Ecologically this land stewardship means that if the

The environment - land, sea, alr and
creatures - does change; and so the
question arises, can the environment
be changed intentionally to make it
more fit, to make it more fitting for
man and the other creatures of the
world? Yes, but to do this one must
know the environment, its creatures
and their interactions - which Is to
say ecology. This is the essential
pre-condition for planning - the for-
mulatlon of cholces related to goals
and the means for thelr realization -
lan McHarg
(pwN - 52)

We continually use solar energy whe-
ther we are consclous of it or not.
For example, photosyntheslis, sun tann-
ing, insolation on buildings, light,
weather, fossil fuels

If we are collecting solar heat we
sure are going to be eager to see
the sun, and we sure aren't golng to
want to waste it once we've caught
it!
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site does not benefit by the construction which we impose upon it,
then we ought not to build,

We are learning how to more ecologically build on the land, both
in a natural way and with technological innovations, Such information
is not contained here (see the bibliography for hints on where to
start), It is possible to find a lot of intbrmation on themes such as
planting or harvesting, growing or killing, harnessing streams or
letting them flow by, building on the top of a hill or on its side,
recycling wastes or burying them, 1 wish that I could cover all these
themes of ecological living, but 1 have attempted to deal most spe-~
cifically with the use of solar energy in shelter design and less spe-
cifically with how the shelter (the built environment) fits more

harmoniously and ecologically into the biosphere (the natural environe

ment),

a-desizn ethic

An ecological sensitivity can be regarded as a sort of reverance, It
revolves around a very different' attitude about what is important,
valuable, and beautiful in life, Monuments to man become less imp-
ortant; material possessions become valueless; and a built environ-
ment indiscriminately placed in the natural environment becomes ugly,
no matter how ‘'elegant’ the forms or how 'rich' the materials or how

‘tasteful’ and °'stylish’ the 'lines’,

o ls a building necessary?
o ls there an abandoned bullding
avallable?

Here are some general ecologlcal
principles when bulflding:

e Use abundant local materlials (to
reduce transportation requlired,
thereby decreasing energy consum -
ption, and to-improve local eco-
nomy)

e Do not use products (except when
they have a long, energy-conser-
vative/producing 11fe) which use
in thelr construction, malntenan-
ce or function non-renewable nat-
ural resources such as redwood,
gas, petroleum, copper, aluminum,
lead, gold, mercury, silver, tin,
zinc.

®Use long-lived, durable materials

® Return water and waste to the band

® Do the construction yourself
eBuild simply

eBulld permanently - make It last
make It durable ’

6Use lots of lnsuiatloﬁ
e Use waterproofing and other pre-
servation methods

It's tempting to start by talking spe -
clflics, about not bullding In swamps
or on flood plalns, about things like
the new 'miracle' insulations, or per-
colation beds, or even earth-covered
roofs, but unless we reach some sort
of agreement on the principles behind
such architecture we may in the name
of ecology do more harm than good -
Malcolm Wells
(AES - 433)

'Different': from today's usual stan-
dard

the farmer Is the prototype. He pros-
pers only Insofar as he understands
the land and his management maintains
Its bounty. So too with the man who
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The Japanese have long been known for their spiritual sensiti-

vity. Dr, Jiro Harada, in his book JAPANESE HOUSE AND GARDEN, re-
counts an example of such reverance in telling about Rikyu, a

Japanese tea-master (OBH-5):

When his new tea-room and garden were completed at Sakai he
invited a few of his friends to a tea ceremony for the house-
warming, Knowing the greatness of Rikyu, the guests naturally
expected to find some ingenious design for his garden which
would make the best use of the sea, the house being on the slope
of a hill,

But when they arrived they were amazed to find that a number of
large evergreen trees had been planted on the side of the garden,
evidently to obstruct the view of the sea, They were at a loss to
understand the meaning of this, Later when the time came for the
guests to enter the tea-room, they proceeded one by one over the
stepping-stones in the garden to the stone water-basin to rinse
their mouths and wash their hands, a gesture of symbolic cleane-
sings, physically and mentally, before entering the tea-room,
Then it was found that when a guest stooped to scoop out a dipper-
ful of water from the water-basin, only in that humble posture
was he suddenly able to get a glimpse of the shimmering sea in
the distance by way of an opening through the trees, thus making
him realize the relationship between the dipperful of water in
his hand and the great ocean beyond, and also enabling him to
recognize his own position in the universe; he was thus brought
into a correct relationship with the infinite,

Sensitivity and reverance need not be quite so spiritual or

esoteric, Lloyd Kahn, an author of DOMEBOOK I and DOMEBOOK 11,
summarized some things he's learned about ghelter through his work

with domes, (the form of which he has now renounced) (SBN):

1, Use of human hands is essential, at least in single-house
structures, Human energy is produced in a clean manner, compared
with oil-burning machines,,,.

2, ...economy/beauty/durability: time, You've got to take time to
make a good shelter, Manual human energy....

3. The best materials are those that come from close by, with
the least processing possible, Wood is good in damp climates,
which is where trees grow, In the desert where it is hot and you
need good insulation there is no wood, but plenty of dirt, adobe,
Thatch can be obtained in many places, and the only processing
required is cutting it,

4, Plastics and computers are way overrated in their possible
applications to housing,

bullds. IF he Is perceptive to the
processes of nature, to materials and
to forms, his creations will be app-
ropriate to the place; they will sat-
Isfy the needs of soclal process and

shelter, be expressive and endure -
lan McHarg
(DWN - 29)

someone called and wanted to know for
whom 1| was living

and | sald myself

and they said no | mean for Whom -

and | said Myself

then someone called and wanted to know
what | will be dolng next year

and | said | didn't even know what |
would be doing next second

and they said no | mean what do you -
want to Be.

and i said | Am.

someone called and wanted to know If
people who never had thelr name
in a newspaper are really allve

and 1 said yes

and they sald but how can that be

and | said great

and then someone called and wanted to
know where | will go when | leave
the earth

and | sald i cannot leave

and they said figuratively speaking.

and 1 said figuratively speaking | Am
the earth.

- Susan Thayer

(PYP - 113)

HE LOOKED UPON US AS SOPHISTICATED

CHILDREN - SMART BUT NOT WISE -
Saxton T. Pope
(Satd of Ishi)
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5, there is a fantastic amount of information on building that
has almost been lost..,.., many of the 100-year-old ways of build<
ing are more sensible riszht now.

Malcolm Wells, an ecologist/conservationist and a registered

architect, expands upon these concepts and has developed specific

criteria for evaluating the ecological success of a building (AES-

A. Build Reverently: Use the most abundant of local materials or
those whose production seems to cause the least amount of damage
to the land,
B, Build simply: Use as few materials as possible. But don't
skimp on important things like first-class waterproofing and
super-extra-double insulation, They'll repay your efforts for
the life of the building, which brings up the need to
C. Build Permanently: Instant domes and throw-away buildings
sound appealing but their use gives nature no time to heal the
wounds of construction before the next round starts. Each time
we move, uproot, repave, regrade, or break ground we tear the
fragile fabric of life on the land, a fabric which may have
taken decades or even centuries to develop, We must build hune
dred-year and two-hundred year buildings, Inside, their occupancy
and decor can be changed whenever necessary, but for God's sake,
no more ticky~tackyl It's too expensive,
D, Build Naturally: Make sure your project and its site, whether
one house is involved or a thousand, do most of the following:

(1) create pure air (trees, shrubs, vines, grasses, wild-

flowers) :

(2) create pure water (slow runoff, mulch, percolation)

(3) store rain water (ponding, percolation)

(4) produce their own food (this is a tough onel)

(5) create rich soil (mulch, compost)

(6) use solar energy (if you solve this one you'll get three

Nobel prizes, and mankind will move ahead three giant steps)

(7) store solar energy (another Nobel for this one, too)

(8) create silence (dense plantings, sound insulations)

(9) consume their own wastes (live organically)

(10) maintain themselves (permanent materials, earth cover,

ood waterproofing)

%ll) match nature's pace (build permanently)

(12) provide wildlife habitat (dense planting, berries,

shelters)

(13) provide human habitat (a foregone conclusion)

(14) moderate climate and weather windbreaks, dense groves

of native plants)

(15) are beautiful (if you achieve the first 14, this one will

be automatic)
E. Build Personally: We lost a precious thing when we became the
only animals incapable of building their own nests. The miracle

It occurred to me lately that there is
a profound difference between the way
wood and rock are produced, and the
way plastic foam and flexible vinyl
windows are manufactured. Consider
that a tree is rendered into 'bulld-
Ing material' by the sun, with a
beautiful arrangement of minerals,
water, and air Into a good smelling,
strong, durable building material.
Moreover, trees look good as they
grow, they help purify air, provide
shade, nuts to squirrels, and colors
and textures on the landscape. On
the other hand, most plastics are
derived by pumping oil from the
earth, burning/refining/mixing it,
with noxious fumes and poison In

the rivers and ocean, etc. Of
course, saw mills and lumber com-
panies rip stuff up with gasoline
motors and saws, smoke fumes, but

it strikes me that the entire pro-
cess of wood growing and cutting

is preferable to the plastic pro-
duction process. What Is called for
is tree-respecting forest manage-

ment. This is something | Intend
to investigate as soon as | have
time. -
Lloyd Kahn
(SBN)

Tony's zen-llke shed, care and crafts-
manship, the first thing he'd built, -
telling how It's being small keeps him
outside a lot and that way he notices
the seasons change....
Lloyd Kahn
(SBN)
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that is a brick will be forever lost to the man who never lays
one. Build with your hands as much as you can: you'll never
regret it,

Altho all of these issues are important, this thesis deals pri-
marily with how to use the sun in your built environment, You won't
find Nobel-prize-winning solutions for solar energy collection or
storaze but you will be able to cut down on your shelter's loss of
heat during the winter and collect and use solar energy, Such efforts
will not only reduce your fuel bill but they will also reduce air-

pollution and save our fas:-debleting non-rénewable fossil fuels,

Lying under an acacia tree with the
sounds of dawn around | became more
aware of the basic miracle of 1ife.
Not 1ife as applied humanly to man
alone but life diversified by God
on earth with superhuman wisdom
forms as evolved by several mill-
fon centuries of selection and en-
vironment. | realized that If 1
had to choose, | would rather have
birds than airplanes -

{Charles Lindbergh)
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THE HOUSE-HEATING PROBLEN '

We recognize the global environmental problem'and understand that the
ener;y crisis (the shortage, its large consumption, its misuse, its
waste, its polluting effects and our inability to harness certain
types of energy) is a large part of this problem, "About 22% of the
nation's energy consumption is for space heating" (NET-321). We will
look at ways to affect this large use, both by decreasing the heat
loss of buildings (houses in particular, here after referred to as
shelters) and by finding ways to utilize the sun's energy, replacing
the use of our rapidly depleting fossil fuels, as a means of heating
and cooling these buildings (shelters in particular),

Let us first understand the economics of space heating,
Seasonal heating cost is the sum of fuel cosg, capital cost, and

maintenance:

SEASONAL
HEATING =FUEL COST+ CAPITAL COST +MAINTENANCE
COST, #/yr

The analysis starts on the basis of
the traditional economic guide for
the measurement of practicality and
feasible. Other considerations, such
as government incentives or citizen
responsibility (toward helping to
solve the energy crisis) can also be
considered.
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FUEL cosT = <2022 " Tp(ay -cn)-

C=

AU-

Heat gain from sources other than the trad-
itional heating system: from appliances and
other household functions; from insolation on
the shelter or through windows; from solar en-
ergy collection and ventilation, from fire-
pIaces.BtW@r.

number of air changes in the shelter per hour,
depending on family living pattern, weather-
stripping, storm windows, etc.

Btu/°F: Heat capacity of the air in the shel-
ter (=0.018 x house volume in cubic feet).

Btu/°F/hr: ZHJ'UJ .HJ represents the various

kinds of area (windows, types of walls) com-

posing the exterior skin of the building; T
represents the various heat transfer coefi-

lcien;s through the various areas, BTU/Ft"-
F - hr; .

Degree days/yr: the sum (65 - ta), for all
days, a, of the heating season, where tg is
the average outdoor temperature for each day,
a. (1t Is assumed that no heat is needed for
outdoor temperatures 65°). See appendix 1l
for some regional values of D.

Fuel cost, #/IO5 Btu; (IO5 Btu = one therm).
Net heating value: oil at 18.5¢/gal, natural
gas at $1.30/1000 cu. ft., and electrgcity
at 0.48¢/KWh all correspond to 14¢/10° Btu.
These prices rise faster than the price of
living index.

Thermal efficiency of fuel used, percent:

Anthracite, hand-fired 60 - 75%
Bituminous coal, hand-fired 4o - 65%
Bftuminous coal, stoker fired 50 - 75%
0i1 and gas fired 65 - 80%
Electricity 100%

Poor furnace adjustment can reduce the above
figures by 5 to 10. Electricity is really
only about 30% efficient because of genera-
tfon and transmission inefficiencies.
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plete heating system, house insulation, storm
windows and doors, weatherstripping, and other
items for heat-saving (glazing, shading, tree
planting, materials used for thermal charac-
teristlcs, length:width ratio of shelters, or-
ientation of shelters to the sun; some of them
begin to be without numerical value, being
completely subjective in nature - we must
somehow include such values, however we wish
to assign them).

CAP’TAL COST - /CO{O C= capital expenditure, In dollars, on the com-

| = 3/yr: Interest plus depreciation on the capi-
tal investment.

_ M= $/yr: the annual cost of maintenance of the
M A‘NT EN AN E - M heating system plus any difference in insur-

ance rates between two possible systems.
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The total seasonal heating cost then becomes

SEASONAL 5024 F roy e |
Egg}"_\NG = = [D(F?U+ Ch\)."ﬂ—} + C i

[FUEL COST]  +  -[CAPITAL COST] +[MAINTENANCE]

A simple application of this equation to minimize seasonal heating
cost is not possible because of the inaccuracies inherent in the
various figures, For example, fuel efficiencies, E, vary depending
on the particular furnace, its operating conditions, the thermostat
on-off setting, and air-fuel ratios (efficiencies are usually lower
than expected). The product AU, the heat loss througﬁ the exterior
skin, varies with quality of construction and with inaccuracies in
experimental vaivea. The price of fuels, F, 1; constantly going up,
and its value in 50 years, even in 5 years, is unpredictable, De~
termination of the air infiltration thgou;h cracks and openings in
the exterior skin (for example around window sash and door jambs)
and through open doors is educated guesswork,

The capital cost, C, of all items involved in tho’heat-savlnsl
heat-providing effort is made complicated by the overlapping, dual
roles of many of the items (such as windbreaks -« walls, fences, or
trees -- which provide other additional amenities). The interest and
depreciation, i, not only varies with the different items under

capital cost but is also a function of prevailing interest fatel.

(MOSTLY FROM NET-325)
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tax benefits, and accounting practices, not only complicating the
process but also usually tending to make it appear that the lives
‘of the building and of its heat-saving/heat-providing items are
shorter than they really are (for example, what is the 'lifetime' of
insulation? If its cost is amortized over a 20-year period, is it
then ‘'worthless'?)

Maintenance, M, is difficult to figure at best, Manufacturers
all claim maintenance-free products, The maintenance of a product
can vary from installation to installation, Insurance costs vary
from year to year, and are usually high for innovative methods such
as solar energy,

But in spite of the complexity of the issues, we can make some
simplifications as a basis for making comparisons and decisions
between alternative energy-economic tradeoffs,

This thesis will first of all try to demonstrate methods of
(1) lowering the heat loss of the shelter (deéreasins in the seasonal
heating cost the term AU + CN), (2) of increasing heat gain from
other sources, g, especially through in‘aolation on and into the
shelter, and (3) of balancing that against increased capital costs, C.

The thesis will then try to show the effect of collecting,
storing, and utilizing solar energy on cost, total energy consumption,
and pollution, This will be done through a discussion of previous
efforts in the field and through an analysis of what information is
needed to make intelligent decisions in this field (I will provide a
lot of this information), It will be seen that a percentage of the

capital cost of the collection and storage system plus the ieaoon.l

It Is Important that we first reduce
the energy needed to heat the shelter
and only then that we resort to al-
ternative energy-producing methods
(such as solar energy).
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cost of operating this system must be less than the cost of the fuel
which is savéd through use of solar energy. By making adjustments in
our economic and attitudinal values, we may find that the use of

solar energy is more practical than previously supposed, when using

traditional economic cost-benefit methods,
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THE MAIN THRUST OF THE THESIS IS HEATING,
AN DISCUSSION OF ENERGIES INVOLVED
IN COOLING WiLL ONLY BE OCLASIONAL,
THE PHYSIOLOGICAL FACTQORS WHICH
AFFECT HUMAN COMFORT ARE (AcCA-44):
¢ PROFUCTION AND REGULATION OF HEAT IN THE HUMAN B8ODY.
o HEAT AND MOISTURE LOSS €6 FROM THE HWUMAN ROODVY .
*THE EFFELTS OF COLP AND HOT SURFAC €S (N THE SPacg.
* THE STRATIFICATION OF AR,
o EFFECTI\WVE TEMPERATURE : THE COMB(NATION OF THE SFFECTS
OF AIR TEMPEMPERATURE, MOISTURE CONTENT, AR MOVEMENT.
AS DESIENERS TRY TO ACHIEVE HUOMAN COMFORT, £ARTHS RE-
SOURCES MUST WE USED AS WISELY AS POSSIBLE, THIS SECTION

© TRIES TD BDELREASE OUR DEPENDENCE ON MAN-MADE TECH

NOLOGIES WHICH REQULRE CONTINUAL EXPENDITURE OF
RESOURCES IN THEIR OPERATION. THIS IS DONE [PRIMAR-
ILY THROLEGEH AN EFFORT TO LOSE LESS REAT THROUGH
THE SKRIN OF THE HOUSE ANP GAIN MORE HEAT FROM THE SUN.

THE DISCUSSION OF DECREASING HEAT LOSS INCLUDES THe
EFFEcTs ofF IMSULATION, WIND CaNTROL., ANP AR INFILTRA-
TION. CHARTS FOR MAKING QUICK ENERGY AND MONETARY
ESTIMATES AS AN EVALUATION OF DIFFERENT DESIEN
DEC|ISIONS ARE PRESENTEP. TRHE DISCULSION OF EFFORTS
TO INCREASE SOLAR HEAT GAIN INCLUDES THE EFFECTS
OF BUILDING ORIENTATION, LENGTH ~WIDTH RATIOS, HEAT-
STORAGE CAPACITY OF MATERIALS, AND GLAZING.

IT IS CLEAR TRAT A LOWER HEATING DEMAND CAN LOWER THE
CONSLUMPTION OF FOSSIL FOELS, THERERY |OWERING FOEL
COSTS AND REDUC NG POLLUTION. [T IS HOPED TRAT
OWNER/USER PARTICIPATION WOULD [NCREASE. SIMPLE
PARTICIPATORY EFFORTS MIGHT INCLUDE ' TURNING oW N
THE THERMOSTAT WHENEVER PossiBLe, (A 3°F REDUCTION
FOR & wouRs PER DAY REDUCES FOEL R(LLS BY 1% N
SOUTHERN CANADA. (SHEC - D); DRAWING CURTAINS, PULLING
SHADES, CLESING YENETIAN BLINPS, CLOSING SHUTTERS,
PUTTING ON STORM WINDQWS ; WEATHERSTRIPPING WINDOWS
AND DOORS; KEEPING THE FURNACE RUNNING CLEANLY, EFF/-
CIENTLY; PUTTING OP TEMPARARY WINDBREAKS DURING
WINTER,...
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heat transfer

HEAT MOVEMENT THROULGH WALLS (AND FLOORS AND CEILINGSY VARIES
WITH 17PE OF INSLULATION

THICKNESS OF INSULATION

TYPE AND QUALITY OF CONSTRUCTION

WALL AREA ‘

DIFFERENCE BETWELN IMSIBE AND OUTSIDE TEMPERATURE

THE OVERALL COEFFICIENT OF HEAT TRANSFER IS
U - ;
- LD X |
o+ C% %)

)

U: CAEFFICIENT OF HEAT TRANEMISSION, Btv PER DESREE FAHREN HEIT PER
SavARE FooT PER HOUR( B /oF [ £4/hd.

X = TH.-kANESS OF A MATERIAL (N THE WALL , INCHES.

K = TRERMAR CORDUCTIVIT OF A MATERIM. IN THE WALL, Bty PER DECREE

FARRENHEIT PIR SGUAKRE FOOT PER HOUR PEE INCH THICKNESS Bt wrfecefne fin)

f < CONDUCTANCE OF INS/DE AlR FikM, Blu PER DEGREE FAWRINHET
PEE SGOARE FOOT PER HOUR (&1 /ec/f/h ), TAKEY AS /£ For
5Tk AR - .= o.cs. :

f, = CONDUCTANCE OF OUTSIDE AR FILM, TAREN AS 6.0 Bio /tp/{e'/l..- FOR
A SULRFACE EXPOSED To THE WEATHER.. /f = 0./¥.

Note: § Aup fu ARE ExAMPLES oF ‘coNDuUCTARCES ., HEAT FLOW THEOUM

A GIWEN THICK NESS OF MATERIAL.

THE OVERALL HEAT TRANSFER PER HOUR lS_

Hy = T (#-tD @

Hy = SVERARL . HEAT TRANEFER . Bty PE@ = Guame Fool PER HOUR (Btu[ £&8/he).
¥ s INSIDE TEMPERATURE , DECREE FRHRENHEIT (°FD; USUALLY TAKEN AS GS™F.
4 = 6UTSIDE TEMPERATURE .

THE OVERALL HEAT TRANSFER PER SEASON 1S

Hy = 24T ‘ @

He= OUERALL HEAT TRANSFER , Btu PER seAson PER squaze oot (Biusemon/ £6D.

24= nIURS PER DAY

D = DEGREE DAYS PER w&ASON( PMYS/SeasonD, S22 APFENDIL J= FOR SOME
Ty PicAL YALUES FOoR THE UNTED STATES.

THE TOTAL HEAT TRANS FER THROUGH A SORFACE IS

HEAT 10SS THROUGH THE EXTERIOR SKIN

=P USE MASS\VE AMOUNTS OF INSULATION

=P USE TRIPLE GLASS - NEVER ONLY SINGLG

aph COVER WINDOWS AT NITE - BEST WITH NSULATED SHUTTERS
-—p ‘BURY"’ TH!. WALLS N EARTH

’l.eamthe Language of Insulation

. CONDUCTIQN—Heat will flow through any
. material, at a rate determined by the ma-
.terial’'s physical characteristics. Copper is
an_éxcellent.conductor of heat; insulating
materials are poor conductors.

CONVECTION—When "two surfaces—one

hot, the' gther cold—are separated by a

thick layer of air, moving air currents

(called convection currents) are established
“that cdrry heat from the hot to the cold

surface. The process works like a thermal
. bucket brigade.

RADIATION—Any object that is warmer
than its surroundings radiates heat waves
(similar to light waves, but invisible) and,
“ths, emhs heat energy.

BRITISH THERMAL UNIT (Btu)—A familiar
measure of heat energy that is defined as
the quantity of heat required to raise the
temperatuse of one pound of water 1°F.
Biu per hour are designated Btuh.

k, or THERMAL CONDUCTIVITY—A meas-
uré of the: ability of a material to permit
the flow of heat. It expresses the quantity
- of heat per hour that will pass through a
. ane-square-foot chunk of inch-thick mate-
rw wherr a 1°F temperature difference is
‘rhaintained between Its two surfaces; k is

mnsu? in Btuh, . .
© . C is simifar, but measures the heat flow
through a given thickness of material. If

you know a material’s k, to find its C just
divide by the thickness. E.g: 3"-thick insu-
lation with a k of 0.30 has a C of 0.10. The
lower the k or C, the higher the insulat-
ing value.

U, or OVERALL COEFFICIENT OF HEAT
TRANSMILSIEON—A measure of the ability
of a complcte building section (such as a
wall) to permit the flow of heat. U is the
combined thermal value of all the mate-
rials in a building section, plus air spaces
and air films. The lower the U, the higher
the insulating value..

R, or THERMAL RESISTANCE—A measure of
ability to resist the flow of heat. R is simn-
ply the mathematical reciprocal of cither
C or U. Thus,
=1/CorR=1/U

depending on whether you're talking about
the thermal resistance of a piece of insu-
lation or a complete building section.

Insulation products are typically charac-
terized by their R values. Thus, a specifica-
tion of R-11 means the insulation displays
11 resistance units. Clearly, the higher the
R value, the better the insulating ability.

R is a simple common denominator for
describing all types of insulation and all
kinds of dwelling construction. All insula-
tion, for example, that is rated R-11 has
the same insulation ability no matter what
its material or thickness, as demonstratea
in a chart. next parr '

@ - HsA _ “
X T TOTAL HEAT TRANSFER PeR seASON, Bty PER SER3ON.
A= ToTAL SORFACE AREA WITH A &IVEN T, S®UARE FELT,
THE ToTAL COST oF HEAT TRANSFER 1S M# TOTAW COST 6F HWEAT TRANSFER, DOMLARS PER SEASON (¥ /SEASOND .
> Tz cosT PeR THERM (16X Bt) oF EMERGY DELIVERZD TO THE HEATED sthce,
M=TQ& = 39

DOLLARS PLR THERM (5 //0 BN, see cHART ‘cosT PER TWERM OF ENERGY'.



THE AROVE PRACESS IS GRAPHICALLY CONDENSED ON THE
FOLLOWING PAGE  ‘HEAT TRANSMISSION COST CHART', AS AN
EFFORT TOo A(D THE DES\6N PROCESS.

USE THE OBKIAUE LINET REPRESENTING A PARTICORAR (J-UALVE,
EOEFFICIENT OF HEAT TRANSMISSION, € QUATION (1)) TO START
ON THE CHART AT POINT () OF THe EXAMPLE .

Hy (OVERALL HEAT TRANSFER PER SEASON, EQUATION (), IS
REFPRESENTED AT PoINT B), ‘ENERGY THROLGH SORFACSE'

SGARE FOOTAGE OF SURFACE, A IS REPRESENTED BY THE
NEXT SeT OF ORLIGQUE LINES. .

RINT (B), ‘“ENERGY THROUEH TATAL SURFACE', 1S & (ToTAL HeAT
TRANSFER, £ QUATION (4)). '

THE NEXT SET ©F o@)ieUe LINES (UPPER RIGHT G PAPH) REPR-
RESENT yAwWES OF T, CosT PER Thsem (165 BTUD OF ENERGY
T PATE FOLIOWING NEXT IS A CHART ‘CosT PER THERM
OF ENERGY' WHICKH HELPS TO DETERMINE THE THERM

VALUE BASED ON COST OF ELECTRICITY, O/L, AND GAS.

M(TOTAL COST OF HEAT TRANSFER, £QUATION(CS)), /& RER
ResENTED AT PoIiNT (B, ‘7omAL cosT oF gNERGY’

THE LAST & RAPH, BOTTQOM RIGHT, CONVERTS THE CcosT To
‘REAL CosT OF ENERGY' THROUGH THE USE OF o8-
LIGUE LINES, “MULTIPLICATION FACTOR.” THIS FACTOR
CAN Bf ONE OR A COMBINATION OF SZUERAL THINGS :

DESTIMATED FUTURE COST OF ENERGY: DES/eN DECS/ONS
BASED ON PRESENT ENERGY COSTS MAKE ((TTLE SENSE
AS COSTSE soaR.

D REAL ENU/EON MENTAL casST OF USING Fossih FUELS | THIS
PARTI CVAARLY INCLOBES POKLUTI(ON ANG THE DEPLETION OF
NATURAL RESQURCES | BROTH DHLEcTLy AS FUELS @B URN AND
INDIRECTLY AS THLY ARE BROUGHT To THE CONSUMER FROM
THE SOORCE.

B INITIAL (NVESTMENT COST! USE OF THE PROFER MULTIPLICAS
TION FACTOR WOULD GLUE THE GQUKRNTITY OF INCREASED IN-
VESTMENT MADE POSSIALE B\; RESULTANT yEARLY FUEL SAVINGS.

NOTE * . :

IN STARTING THE CHART AT POINT @, U CAN INSTEAD Be A AT
WHERE AU 1S THE DIFFERENCE BETWEEN TWO KNOWN T -VALUES,
FOR EXAMPLE, ©.5%5 FOR DOUBLE 6LASS AND O.3¢C FOR
TRIPLE GLASS. AT IS THEN 0.585 —0.3i=0/52 0.2. By
BEGINNING THE CHART WITH T = 0.2, THE SAVINGS IN
SEASONAL ENERGY COSTS CAN BE QUICKLY DETERMI(NED
FOR THE USE OF TRIPLE GLASS INSTEAD OF DOUBLE.

FoR A 5200 DEGREE DAY SEASON AND COST PER THERM
OF ENERGY,%0.B0, A 10 §£# WI/NDOW TRIPLE-GLAZED |N-

STEAD OF DOUBLE—GLAZED SAVES 220,066 8tv (b. $0>
FPER HEATING SEASON.

EACH OF THE CHARTS CAN BE USED INPE PENDENTLY OF
ONE ANOTHER. FOR EXAMPLE, ENOWING A GUANTITY OF
ENERGY AND ITS PRICE PER THERM, THE ToP RIGHT
CHART G IVES THE ToTAL COST OF THAT ENERGY

THE NUMERICAL VALUES OF EACH CHART caN Re crhRANGED
BY A FACTOR oF TEN. FOR EXAMPLE, TO DETERMINE
THE HEAT TRANSFER THRQUGH A REAL oD gxXTERIOR
VWALL, U= o0.08, USE T= 045 ON THE CHART AND DvIDE
THE FINAL ANSWER BV TEN.
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U values

THE OVERALL COEFFICIENT OF HEAT TRANSFER, [J, HAS BEEN
DEFINED Ag

!
U= I/; +(x}£‘1xxaf Yo '/;. (D

UNBER NORMAL CONDITIONS, THE VALULES |N THe DENOMINATAR
(Y%, %,k - D ARE 'RESISTANCES' T HEAT FLOW - THE
LARG2R THE RESISTANCE, THE SMALLER 12 THE TU- VALUE,
ANP THE SMALLER |S THE HEAT FLow. U REcoMes THeN

RS o e

WHERE R, MIGHT RCPRESENT Y, (= ©.¢8 “F-FtZhe [Bf0),

R: MIGHT REPRESENT ¢/, (= 0.1% *F-f&-hr/B)y AND

Ry AND Ry and Rg.... MIGHT REPRESENT Akl OF THE VALUES of
Ak . 1T BAs .BZEN SKOWN THAT /& ANb ‘[, ARE EXAMPLES &F
‘CONDUCTANCE ', THE OPPos|TE OF RESISTANCE: R~ lfc. For
GiVEN THERMAL RESISTANCE OR INSVULATIVE PRAOPERTIES &F
MATERIALS, K,c, /K, Ve, AND R ARE Akl (USED TO SoME
EXTENT. SEE APPENDIX I FOR SoME TYPICAL VARUES.\

1T caN THEN Be FOUND RY FIRST ADBDING R,+ R, +Ry*.... AND
THEN DIVIDING (T INTO ONE (TAKING THE REC (PROCAL). THE
ANSWER 18 (N @iufop/Fe?/hr, AS sSHOWN BELow:

MATERIAL [Kere | R (¥ orX/k)
STILL AR FiM  INSIBE | L46 | .68
sTILL AR it OUTSIPE | c.O0 | &1 P

MATERIAL #1, 9. ECTERIOR CRAPDING , X, THCK Ky /K,
MATERIAL @2, €9 INFULATION, X, THICE K X3/ ka
MATZRAL 43,2y, INTEROR FINISH <, 1/

THE TOTAL RESISTANCE. R, = R,+Rp+Ry+Ry TRy
=oss rour + X/ rxa /K, + i,

o885t X [k +Xafre +1/e,

T THen (s

T ]

0.85 +X [k tX2/ky v Iz,

SaME TYPICAL
R-vaLues

(o -3¢ he /810D

(5

A+

n\

10 <

[

— 2" 'PoLy vy ARG BoARD INSULATIN

- -J'b‘ﬁm.-w'mwww
6" BLOWN VERMICULITE iNsusanon

- 127 1c£ or DRy -:Now

- 2” PoLY STYRENE iNSULATION

74—

6

2

e

[~ AIR S PACE \N wWALL , REAECTIVE
MITAL Bor on one WALL,
- 37 MARE, OAK , SIMIAAR WARDWOOB
L 27 FIR, fint .S WMILAR LePTWoD
L /0" 50L1D CONCRETE
L. @7 common BRick

1‘ LONCEETE @Lock
- AR 3pAct W WAk,
£=/ Mt! SAND OR CARTH
[~ INDEOR  STIAL AIR FiaM

| OUTDOOR STikk AR FiLM
S s,? SHEETRACK

]i' THICE AND UP

47 toLis CoNcReTt

& gerin concreTe

‘.‘:-
[}

"
)

(F4

TERIRSTUD Wanll

600D EX
R woons S LS
Lar b Mgty b -

AT ATy

$0L(D ¢oNCRE-
ConcreTt Blade
weoo

SOME. TYPICAL
T-vaLues

(Bto/or /5%/hr)

S Ghats - 113

BOUBLE GHaSS

Copama Brack
TRULL ChAss
Commaen ' guck -

|—l.00

0.9
= 0.8
Lo.‘}
0.6
0.5
=04
=0.3
0.2

=0
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T CAN RE SEEN THAT IT TAKES MUCH G REAIER ANGUNTS OF
THERMAL RESISTANCE, R, To SI&NIFICANTLY LOWER A
SMALL [J-vALLE TBAN IO LOWER A LARGER ONE. FaR
EXAMPLE , ADDING 2”7 OF POLYURETHANE INSOLATION (R 275D Yo
B oF SOLID CONCRETE. REDUCEES U FROM 066 TO 0.059
APBIN® THE SAME INSULATION To A &O0OD EATERIOR STUD WALL
REDUCES T FROM O ofF TO O.024 THIS (S SHOWN
MATHE MARTICALLY ¢
THE THeRMAL RESISTANCE, R, FOR AN INITIAL T -vshg,
v, s
‘
Rz

1F WE ADD TWERMAM. RESISTANCE (FOR EXAMPLE, INSOLATIN), R,,.,
TO R we rave A NEW RESVSTANCE, Ry !

lﬁ'-’ef f‘w”pi; "Rz;y'_’"

%
AND /
- L -
U; R; ,6;*,(’,”
o T
B = T Ui don

THE EFFECT OF ADDING THERMAL RESISTANCE, Ry, T© A T-vaue, T,
IS SHOWN ERAPHICALLY IN THE FOLLOWING CHART, “IMPACT OF
CHANGE IN THERMAL RESISTANCE ON HEAT TRANS MISSION VALUE %
THE €CONOMIC MPACT GF S WH A CHANGE CAN BE READIAY
ASCERTAINED BY LSING AU (= Ur-Up) As THE [U-vALue AT
PaINT () ON THE ‘HEAT TRANSMISSION COST CHART . FaR THE
EXAMPLE ABROVE ©F ADRING 27 POLYURETHANE TO & CoNCReETE,

AU = 0¢é -0.a592 0. 6. FOR THE CHARTy FOR T= o G Biofrféithe,

DEGREE DAYS = _STOOO/SEASON, AND COST PER THERM OF ENERGY =
¥0.30 /05 &0, WE FWNO TWAT ONE SGUARE FOOT OF Sucd APPAI-
CATION SAUES IN ONE HEATING SEASAN AROUT %/, ooco Rtv AND
0.2/ v FUEL BILLS (THAT ABOUT HALF THE COST &OF THE
INSUSATIOND. IF WE ARE WILLING TO INVEST TWENTY TIMES THAT
AMOUNT NOW  TO SAUE THAT AMOUNT [N YEARLY OPERATING BILS,
WE CAN INVEST Bq.zo/ftt 1o ACHiEVE THE AT oF O0... Ok F
We ESTIMATE THAT Futk cosTS WiLL RISE By A FAcTOR ©OF
2% N THE NEXT 1O YEARS, THE WEARL SAVINGS N FUER AT
THAT TIME wikL  RE o s /22
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£ THERMAL INSUATIVE

R, AMOUNT O

RESISTANGE APPEP 700 EXTERIOR SKIN

s s%s=dn

.05
11.”,,‘,3#//7/%

IMPACT OF CHANGE IN THERMAL RESISTANCE. O HEAT TRANSMISSION VALUE
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HEAT LO®S THROLUGH BASEMEINT WALLS HAS REEN MEASURLE FOR
SOLID CONCRETE AND CONCRETE BLOCK WALLS /S€2 TARLL BILOW)
BUT USING THESZ STANDARD ENGINESRING VALUES RCSLLTS
IN A GREATER WWEAT LOSS THROUGH RASEMENT WALLS IN St
MONTR S (ONRE HEATING SEASON) THAN THRQUGH eocod STOUP
WALLS EXPOSED TO THE WEATHER, FOR EXAMPLE, UEING- A
4.6 3703/ A HeAT
LOSS THROLEW THE
BASEMENT WALLs,

Ground Water i Basement Floor Loss,®  Below Grade Wall Loss,?

AND A STUD walL Temperature Btu'Sq Ff//lr ! Btu/Sq Ft/Ae

P | :
WITH A TU- VALVE oF —— e - F e —
0.0}, AND S 00O 1) i 5.0 6.0

24 » .
U TR 5
sSEASON, WE F IND o 77| N R
THAT TRE BASEMENT ) . . ’

ased on bascment tornerature of 70 Fand U of 0,10,

WALKL LOSES: b Ass:mn:\d t\\‘l(‘.‘(‘ busement floor {oss. (H oFf - 460)

(1.0 8r/#8/k)(y82 vays/seasond( 24 he/DM) 18, 600 Bty fsemon/fe

THE STUD WALL
(6.0% 81y +8/se){ Soco DD/ssasond{ 24 he JDB)> « 900 BIo/ssAs0n [$4?

LOSES!

CAN T BE TRUE THAT A BASEMENT WAKLK LOSES TWICE AS
MUCH HEAT AS A 3TUD WALL (EXPOSED To WEATHER) OVER THE
COURSE OF A HEATING SEASONT! The Data says yzs. Bor
SOPF3SE THAT THE BASEMENT WALL 1S (N SULATEP ToO THE
EXTENT THAT THE STUD WALL (ST NO DATA IS GIVEN, ANB
IT 1S BIFFICULT . TO CONTECTURE RECAUSE THE OUTSIDE AIR
FILM FOR NORMAL HEAT LOSS CALCULATIONS HAS REEN
REPLACED Ry SoLiD EARTH. BUT WE KNOW THAT THE OUTSIBE
AR FILM HAS A RESISTANCE, R=o0u¥. |F W& were TOo BOLLD
A TYPIZAL ExXTERIOR STUD WALL , U=0.07%, As SHOWN BELOW,
WITH A B/4 AR SPACE BETWEEN
1T AnD Toe CONCRETE (N AN
EFFORT TO SI\MULATE THE OUT-
SIRE AR FILM - THE AR sSPAcE
HOWSLER DIES HAVE GREATER

THEIMAL  RESISTANCE THAN THE '
AR FILMYN, WE CAN ASSUME

THAT AT THERMAL £GULLIBRIUM Y a—

THE STUD WALL WILL BE ‘SEEING “ﬁ*{'ﬂﬂh’m
A TEMPERATURE AT THE FACE OF 3 A sPACE
THE CONCRETE WALL ABOUT THE SECTION

SAME AS THAT OF THE Gkouw,tci.

FOR A t4 =5D°F AND T, = FO°F , WE HAVE A At=t~ty=20% . FR
TRERMAL DES(&N PURPOSSS, ¢, = C5°F (NSTEAD &F ¥O'F, AND
WE HAUE A AT OF I15%, HEAT hoss THROWH THEC S TUM WALL
BECOMES

Tat=c.0rlisd = 1 8ev/ser [

THIS 1S ABOUT ONE-FOURTH OF THAT FOR THEC CONCRETE.
WAKL ALONE AND ARBOUT HALF OF TWAT FOR THE €EXTERIOR
STOD WALL. ThUs, BY BIRMING E£ARTH UP AROOUND WALLS
WAICH HAUE A T-UALUE APPROXIMATINY THAT OF A &cob sTUD
WALL, CONSIDERABLE ENERLY SAVINGS CAN BE- REALIBED,

OF cOURSE, IN PRACTICE WE WOULULD NoT BUILD SUCH A STUD WALL IN
THe BASEMENT., BUT WE MILEHT APPLY INSULATION To THE (ON-
CRETE. IF WE BIL, WE MIGHT PIBST FASTEN ‘NAVLERS’ OR S LES P’
TO THE COMNCRETE (TO GET THE 'FRES' INSULATIVE A(R SPACE) AND
THE A PPLY RILIGID [INSULATION ON TOP OF THAT,As seefN
TO THE LEFT, FASTENING THE
INTERIOR FINILtH OM TOP OF THE
INSULATION, POSHRIBLY WITH NAILS
THROUGH To THE NAILERS, 1F |
POLY URETHANE \WERE USED AS N-
SUKATION, THE T -UVALUE, FRON
INTERLOR TO CONCRETE EAcCEK,
. WOULD BE AQOUTON BYU/%/fxfhr.
DURMNG A HEATING SEASON, THIS
WAl WOULD LOSE AROUT Y200 Ar)
1, FOR A FUEL RAUINGS O UER
THE ONINSULATED CONCRETE OF
AROUT fo.a2/ft?/scAason.
oF course, By SoMeqow
PUTTING THE INSULATION BETUWEEN
THE CONCRETE AND THE @ROUND.
WE INCREASE THE €FFECTIUE HEAT
STORAGE MASS OF THE SHELTER
BY INCAUDING THE CONCRETE (N
THAT MASS. SEL ‘HEAT sSTORAGE
CAPACHY OF MaTER 1aLs)
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OLsYAY REPORTS (DWe-99) THAT A 20 wmph WIND DOURLES THE
HEAT LOAD OF A HOUSE THAT 1S NORMALLY EXPoSEP T
5 mph WINPS, AND “ A SHELTER-BELTS [oF TrEES]
EFFECTIVENESS INCREASES AT WIGHER WIND Ve LocITIES.”
FUEL SAVINGS <oULP BE As HIGH AsS 2ot WITH éoob
PRoTECTION ON THREE SIDES OF A HOUSE,

VERTICAL DISTANCE IN BARRIER HEIGHTS

190. A fow oround four borricrs of vorying shape.’ (owc - 13)

EFXAMPLE : A SINGLE PANE OF GLASS HAS
“T= 113 Bho/'f/H/Ar FOR (5 mph wano
- IF WIND IS REDUCED BY 10-20 mph

FOR INTIRE SEASON, WE MAY HAUVE

- AT 4 o.2e

- FOR A 4$3800 BD HEATING SEASAN,

- ENERGY SAULD (S

¢ 25, oo Eiv/scﬁsdlfft"

- FOR $0.30 PER THERM OF ENEREY,
TEN- 10T WINDOWS, ANG A MULTIS
PLICATION FACTOR OF ZO, .- .

- REAL SAUINGS |S

/%30, 00 /s Msan//aoft‘z

SINGLE PANE WINDAWS

DOUBLE PANE WINDOWS

EXAMPLE | DO BLE GlAsS (ﬂ'mg 1PACED
-U =253 8 ec H2hr FoR (Emph b
- WD QEDUTION &F 10-20mph FOR
ENTIEE SEASQON GIVES

-ATY &0
- FOR ~AME CRITERIA AS ABOUE
- ENERGY SAUVEDL IS

« 12, 000 B r/38A50N ) FE*
= REAL ZNERLY SAUINGS 15

e 5. 00 ssasom Jrooft?

TRIPLE PANE WINDOWS

=OAD STUD WALLS

ORLER OF IMCREASING NEEP —3=

RELATIWWE IMPORTANCE OF
SIRFACES RECEWING
WIND PRoOTECTION

summeR
Wib3

SWALTLR

ERAMPLE T TRIPRE GLASS (¥ AIR spacesd

- U = 0.3¢ Btu/e/#t3/Ar FOR iSmph WIND
- A |O-20 mph WIND RERUCTION FoR
THE SEASON RESULTE IN
- AU ® 0.06
- FOR A 40ce pb HEATING SEASOMN, A
f0.30 coaT PER THEEM, AnD TEN
10§22 Wi DoWS
- ENERGY SAUED IS
& ¥, 200 8fv/seASw/fe?
- FaR A MUATIPLICATION FACTOR,ZO
- REAL cosT OP ENERGY SAUED IS
«'3y. 00 /ssmsan /s00 fi?

ZXAMPLE ¢ TYPICAL STUD WALL

-U= 0./10 G"ha/'F/ﬂ'/lr
-~ A [0-20 mph WIND REDUCTION MIGHT
REDUCE TS @Y
~AT ® 0,08
- FOR THE SAME CRIJZRA AS
ABovL
- ENERGY SAUED S
«ioo Bu/Season/
- REAL ENERCY SAVINes poR sPOft /S
s S /6. 00/sans0n/ DO S22

WALL ! WITH WIND

EFFECTIVE TRERMAL | (s

WIThOUT wmn.\/ -

1.20

1.00

0.80

N

U VALUE FOR VARIOUS WIND VELOCITIES

0.60 0.80 1.00 1.20

U VALUE FOR 15 MPH WIND
Fig. 1.23—Variation in U value versus wind velocit

(WAG -28)
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TABLE 4.5. Air Infiltration Through Windows*(ACA-%€)
Expressed in cubic feet per ft of crack per hourf

r_ipfiltration and wind contro

—> USE FEWER OPERABLE WINDOWS; OSE INSTEAD
'OPERABLE WALLS' TO VENTILATE.

—> COYER WINDOWS WITH INSOLATED SHUTTEeRS R
CURTAINS , SHADES, €Tc) AT NITE.

RELATIVE AIR INFILTRATION
LOSSES PER SEASON
USING VARIOUS WINDDWS

|~ ROLLED-SZLTION STREL
SASH INDUSTRIAL PivoTED.

= DOURLE -HUNG, WOOB SACH,
PaaRLy FVTTER, NoN WEA -
THER STR\ PPED,

= OOUBLL ~MUNG, NON WEA-
THER LTRIAPED,

fo: ﬁ"ﬁf -.m””{ og‘w‘ - N‘gj Veea-

BOUBLE - WU Woob S
Pooll.y FHI"!"‘I.‘D, w-a&ou‘{‘r 1P

o Wiod Yelaclty, MERL —» WEATHERSTRIP COMPLETELY !
‘1;,3_'1"9 Remarks .
indow
3 5110 [ 15| 20 [ 25 | 30
Around frame in masonry wall—not calked} 3 14| 20 27| 35
Around frame in masonry wall—calked} 1 2 3 4 5 6
Around frame in wood frame construction} 2 6 11 17 23 30
Doul:.loeabuni Total pefgr ;\'emge kwin(éov:‘; nonl-weatheri
w sas| Btrip: ,» T-in, crack an -in. clearance. .
Finldo::d) Includes wood frame leakage|| 7| 21| 39| 50| 80|01 HEAT LOSS DLE TG AIR INFILTRATION, H,,
unloc J
Ditto, weatherstripped | i) B 2| ®| 0| s MOCVEH WiNeSw s Baok CRACKS 1S
—_— S\VEN AS
Total ;eo; p;).;)rly ﬁue& widnd;aa’w. no?-wenthel;: d L
stri , #y-in. crack an -in. clearance.” =g -d- = .
lncﬁ:dw wood frame leakage|| l 27 69 | 111 | 154 | 199 | 249 H‘ 8 e (t' t.> Bfu/h
Ditto, weatherstripped || 6| 19| 34| 51| 71 o2 '
2 * AIR INFILTRATION PER HOUR, AS GlVEN

Doubla]-hung ‘!gon-weat}::er atripg:g. lmlke‘il(ed gg 45 32 132 1%5 154 N THE TABLE TO THE REFT; CUBIC FEET
metal ] Non-weather strip , unloc. 7 137 lzq OF AR PER UR PER FOOT RENGTH
windows** | Weather stripped, unlocked [ 19 32 46 | 60 T6 op cracr ( 8/ hr/fi )

Industrial pivoted, -in. cracktt 52 | 108 | 176 | 244 | 304 | 372 C = SPECIFIC HEAT OF AIR,«O. z-fau/ry'f.
Architectural projected, $-in. cracki} 15| 36| 62| 86 | 112 | 139 d= PENSITY OF AIR, < 6.075 1b/fi2,

Rolled Architectural projected, #4-in. cracki} 20 52 88 | 116 | 152 | 182 L* LOUNGTH OF cRACK, APPROIMATELY THE
section Residential casement, -in. crack§} 6| 18 | 33| 47| 60| 74 SUM OF A LENGTHE OF NDOW-To-
steel sash | Residential casement, g4-in. crack§§ 14 32 52 76 | 100 | 128 h b wi
windows§ Y | Heavy casement section, projected, &-in. . FRAME CONNSC'HONS(U'EMLL\[ THE

crack|i] 3| 10| 18| 26| 36| 48 PERIMETER OF THE W |NoOW OR DbooR);
Heavy;” casement section, projected ¥y-in. o GIVEN N FEET,
erack 8 24 SRy S ) R 4-% = \HDOOR-OUTBEOR TEMPERATVRE
Hollow metal, vertically pivoted window** 30 88 | 145 | 186 | 221 | 242 BIF FERENCE, PEGREE FAHRENHEIT{OF).
FOR A TOTAL HEATING SEASON,

THS RECOMES THE PRODUCT OF
Geenee bays/season)K (a4 hes /bay).

* From * Heating Ventilating Air-Conditioning Guide 1957."" Used by permission.

1 The values given in this table, with the exception of those for double-hung and hollow metal.
b.windé)ws. are 30 per cent L%sq thx;\n test \'alil_es tdo _allo]w for huifld'mg up of pressure in rooms and ar:-

sed on test data reported in the papers listed in chapter references.

t The values given for frame leakage are per foot of sash perimeter as determined for double-hune FQR AIR INFILTRATION HEAT LOSS PER
wood windows. Some of the frame leakage in masonry walls orizinates in the brick wall itself 21t SgagaN  WE HAVE
cannot be prevented by calking. For the additional reason that calking is not done perfectiy wn-l
deteriorates with time, it is considered advisable to choose the masonry frame leakage values for
calked frames as the average determined by the calked and non-calked tests. )

§ The fit of the average double-hung wood window was determined as %-in. erack and J-in.
clearance bfr measurements on approximately 600 windows under heating season conditinns.

i The values given are the totals for the window opening per foot of sash perimeter and incinar K=& GoNSTANT ! 24 c d =(24 MA‘;)A(O.N
frame leakage and so-called elsewhere leakage. The frame leakage values included are for woet gh/"/cf) x (0. 0¥ /b/py ) =0. 432 Bu-hes ’F/R’M
frame construction but apply as well to masonry construction assuming a 50 per cent efficiency i 4

frame calking. L
€ A 4-in. crack and clearance represent a poorly fitted window, much poorer than average. BY Us“:la THE "A|R INFILTRATION cosT
CHART'(ON THE NEXT PAGE) AND THE

;; - :;Idow.';ltegted id'll plm:; in bu:ldinﬁ;. 5 g b il 3 ; S

ndustrial pivoted window generally used in industrial buildings. Ventilators horisontainy

pivoted at center or slightly above. lower part swinging out. . . TABLE TO THE LEFT, WE CAN GUICKLY

¢ :t..’g.rcb.it.ec{.):ra!lyhproj.ened (;npd? of saﬁme sections as :r;‘dugstrinl En]-ote:id exceptl_thn’t_nu“:w" FIND THE DIFFERENCE IN ENERGY LOSS

raming member is heavier, and it has refinements in weathering and hardware. sed in -

monumental buildings such as schools. Ventilators swing in or out and are balanced on =i BETWEEN WEATHERSTRIPPEP AND NON-

vy-in. crack is obtainable in the best practice of manufacture and installation, g-in. crack cunsiie™ yWEATHER ST RIPPEP WIN DOWS. FQR THe

to represent average practice. = . .
§§ Of same design and section shapes as so-called heavy section casement but of lighter weizit EXAMPLES, WIND VELOUTY IS |IF mph 3

H=KqgL (pP) Btu/seasew

#-in. crack is obtainable in the best practice of manufacture and installation, Jy-in. crack consilrl qyrp g AmRE yoOO PEGREE DAYE FER
to represent average practice. o )
.7 Made of heavy scctions. Ventilators swing in or out and stay set at any degree of oprnin: SEASON AND |15 FEET OF CRACK

#-in. crack is obtainable in the best practice of manufacture and installation, #-in. erack consid

ered to represent average practice. LENGTH; A THERM Oo‘rﬂh-b QF ENE%‘[

€< With reasonable care in installation, leakage at contacts where windows are atltaijhcdlm st COKT'S%BD/IO;&N} A MUAT| PLICATION
framework and at mullions is neglizible. With %-in. erack, representing poor installation, lrasso-
at contact with steel framework is about one-third and at mullions about one-sixth of that zivenfu? FACTOR oF ZO 1S USED. THE ExamPlLEs

industrial pivoted windows in the table, ARE ON THE PAGE FOLLAWING NEXT.

ORBER OF INCREAS (NG LO0SE—>

DOUBLE -wuUNGe METAL
vl L Al Sl

ROLLAD SECTION Sreci SAcH
RESIBPENTIAL CaSEMEMNT

DAUBLE - HUNG  WOOGD SAsH |
rooRrLy FiTTED

DOAIBLE -HUN & METAL
WINPOWS

POUBLE -HUNG WoOD m_
AVERACT W INDBOW

ORDER OF INCREASING SAJNGS

RELATWE SAVINGS N AIR
INFILTRATION LOSSES BY

WEATHERSTRIPPING 48
VARIOUS W INDoW TYPES
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N+ \( e \5\" #’ CRACK LBVSTY STy ‘W)ffﬁl ’4"/ -"a.y ’t.y'
I i, - 7 2]
| { \ N r.rAax, Ft / - ”
ANERN 000,000 A -l
\J.\ \\\ | /;w g
~ \ N i g o
~l» e \ NN N Iome / 4 // /// < {/
~|5 R ~ ‘\\ \ Zoogeee / / & - /// .
\\\ 7 \,_\\\ R e e ./_/_ 2 /%// iota
—sn B e \&.\\ &\ Locases é///_‘// i
_'—'—-—-J—I_____'“_______ ) N\‘\\%. ’ 7z //—rr/ oF A ,’V'/v‘yp I~
| T
: AL INEILTRATION rﬂ;&om CRACKS ; Toras cosy of 5”!“‘},
Maste Hopso Moot 120,000 /4;”75‘2:?#' 000 200800 Y 2 % r 3 oY) % 5:;4:‘/ % e 77 -ﬁ(
7000013 . —— ;
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AIR INFILTRATIO S \ B
ILTRATION COST CHART o -
OFme LWE commEsaiome 70 svomw @ (83, 3= 45 fe Yt/ ‘3}3‘ \ 2]
O roisow Line 7 PECREE DAYS FER SBASON (o3, $008) N
ONE 7 vERINLY TP LN AR INFILIRATIN 7IROUSY CAAGKS Loy, 1l dossity festsan/RD \
@ 379 AT KNOWN LaWeTH OF CRACK (o9, 30 O oo -
OMTE Rishly 7D FING FNEREY THROVSS TE7AL CRACK LENGTY (o), 2, 300, 0 Bty fsamop)
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EXAMMES FROM TACE BEFORE AT (RESOLTS BASed ON
TrE CRITERIA THEREIN MENTIONED)

EXAMPLE : - . wWoiN
~FROM THE TABLE, THE DIFFERENCE IN AIR INFILTRA-
TIoN, , FOR WEATHER STRIPPED VER SUS NON VWEA-

THER STRIPPED (§ 39-24 = /5 §¢3/hr/F¢.
- FROM THE CHART, TQTAK ENERGY SAVED 1S
~48c00 Btu/8€ASON.
- THE REAL SAVINGS IN ENEQRGCY <osTx S
£30. 00 /SEASAN.,

ExAMPLE LE -HU L <D

- FROM THE TABLE, THE DIFFERENCE IN AR INFILTRA-

TION FOR WEATHERSTRIPPED VERSUS NONWEATHER-
STRIPPED 5 F4-B2 =42 fed/s-/4.
- FROM THE CHART, TOTAL ENERGY SAUED LS
2 /, 400, vcos BYv/sEA seN.
- THE REAL SAYINGS N ENEREY COSTS IS
RS 0d /SEASON.

EXAMABE ¢ DOUELE - BUNE WOOD SARH AVER ACE \W/INOOSVY
N ERSTH & US T { L
- FROM THE TABLE , THE DIFFERENCE (N AIR INFTL-
TRATION IS =®2-24 < 8. .
- FREOM THE <HART, TOTAL EN&EGY SAVEDR S
& Zco, soo RTY/SEASON.
- THE R EAL SAUINGE (N ENEREY CcoOSrs s
* (8 00,/ SEASBN.

. WIND CONTROL

AS CAN BE SEEN FROM THE TARLE, THE WIND PLAJS A LARCE
ROLE (N THE VOLUME OF AIR WHICH COMES IN THROUGH

" THE CRACKS, THE FOLLOWING EXAMPLES HELP TO SHow

THIS EFFECT. As N THE PREVIOUS EXAMPLES, THERE ARe

SD00 DEGREE PAVS PER SEASON, /5 FELT OF CRACK LENGTH,
A THERM VAWE OF $0.50/ /0% B, AND A MOLTIPLICATION
FACTOR o F 2 6.

GKAMPLE! DAL BLE HUNG WO D SASH

- FOR A 20 mph WIND REDUCTION
auamg THE HEATING SEAsON, MELATIVE SAVINGS IN AR
4 ICE IN- AIR WWFIL oV
Tftﬂdod?:?léooo“ﬂ:/s'/ £ TRAT INFILTRATION LOSS THRU
= EROM THE cHART, TOTAL- ENERGY VARIOUS WINDOWS BY
SAUED 43 REDUCING WIND VELOCITY
. 4 2,000 0®0 Rtv / SEASON .
- THE REAL SAUINGS.IN ENERGY
COoETE (S
524 0o /s gAsoN.

> ROLLED SECTION, STRCL
Hy INDUSTRIAL pruoTen
16" cemack

P DOURB-E “HUNG, WO oD $ MK
Poold-‘_ M OATHER STR PRLS
SR NerT AT e

EXAMPRE ! POYRLE - HUNG WoOD SARH
(- HER STR( »,
- FOR A 20 mph WIND REDUCTION
DURING THE sSEZEASON, THE

PICFERENE IN AIR (N FILTRATION
1S ABOUT S0 £E6/4/ft .

- FROM THE cnaRT, ‘ToTAl eEmerey
SAVED IS

t (o0, ooo Bfv/ssAseN .

- ReAL SAVINGS IN €NERGY
CoSTS (€

“/aa, .o/s:sqsw.

EXAMPLE : —HuNG

* DOAVALE-HUNE , WOO D SACK
AVERPAG L W INOOW | NN -

WEAT HELSTRI PRSP »

e BOUBLE-HUNG , VW oOs SALY

AUERACE , WEATHER TR IPPED.

[~ POUBLE ~HUNE , MErAL
WINDOW , WEATHERLTRIPPED,

- Do vluo-nAuM:, uz-," UK{
" M‘twviy?“

ORFER OF INCESASING SAVINGS ammap

ATHERS /D

~ FOR A 20 mph WIND REDUCTION DPURING THE HEATING %8 ASON,
THE DIFPERENCE IN AIR INFILTRATION € ABOUT S35 4/ R,
- FESM THE CHART, TOTAL ENERGY SAVED IS

» /, 800, coo &fv/SEASON.
- REAL SAUINGS (N ENERGY IS
v‘}/o.oo/smsoa/.
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Since we are concerned with decreasing total heating
demand, we should at the initlal design stages, at-
tempt to increase the heat gain from solar insolation
(but attempt to decrease it during hot weather).
Customarily, solar gains have not been entered into
the computation of seasonal heating demand. When
engineers size a furnace, they design f&r the coldest
days when there 1s no sun. This is right and logi-
cal, but bullding designers should have tools to
help them to reduce total seasonal energy cﬁnsumptlon
for heating. Unfortunately, most research done on
solar gain 1s for hot weather conditions to aid in
making deslgn decisions for cooling and refrigera-
tion. The data which is applicable to heating 1s
difficult to understand and even harder to uge in the
design process. Translation of thils data into useful
design tools 1s 1s partly begun here but extensive
work in this area would be of great ben;fit in help-

ing to lower our energy needs.

glazing
Openings in shelters, once without the benefits of
glass, wefe used for the paasaée of peoplé and their
‘accompanyins possessions, for the passage of alr pro-
viding natural ventilatlon, and for the passage of
natural light to the interiors. These openlnéa also
allowed the people to look out, an oppitunlty which
most of us require when we spend time lhdoqrs. 7

But the openings also prevented the peorle from
having control of some of the detrimental qualities
of openness: animals and ﬁugs had free access; the
inside temperature was difficult to regulate; air
movement, humidity, and air cleanliness 6ou1d not
be controlled, '

Although pleces of glass

have been dated as far back

as 2300 BC, its use in win-
‘dows probably ‘did not occur
until the time of Christ.
Only in the last 75 years
has it become economically

and technologically possible

‘to produce and use panes of

glass larger than eight or

SECTION THBEQQH GLASS
ton Bt/ ftS/Ar oN A TYPICAL,
AR AFTEANOON 1IN MID -

SUMMER AT 40°N LATITVEE
FACING SOUTHWEST

twelve inches on a side.
As technology and eco-

nomics improve, glass is



inoreasinglr being used to replace the traditional solid (masonry or
wood) exterior wall...But the deslign problems accompanying this uubifi-'
tution have often beeﬁ ignored. A

Besldes reducing the electrical énergy required for lighting, = -~
glass exposed to sunlight admits heat in the manner shown in the dia-
gram on the previous'page. Experimental houses have been built with
the major parts of south=facing walls being entirely of glass, G F
Keck designed such a house near Chicago that was sponsored by Illinois
Institute of Technology. Heat savings may have been as high as 18%,

and the house became overheated on clear winter days.(SHH -.69) Other ne ‘ aL;;;:;;EL*h
'solar houses'have been reported to have saved up to 30% in fuel bills. 'r_-;__:::;h_F::uﬁﬁ::
) I"Lll-’r—“'"“-.,_‘-.
The 'greenhouse effect' is primarily responaible for this phenomenon. “‘*‘*—-‘_ﬁ‘ﬁ ¥\\>
Glass readily transmits the short-wave light radiation as shown 1n the SN N
_ ‘ i \GLnss-—"\
graph on the right but does not readlily transmit in the other direction §°ﬁ AR
. 1 -
the long-wave thermal radiation resulting when the light energy changes | 3 N\ \
2z 1
to heat energy as it hits an interlor surface. ! go4 \\‘ \
i FIBERGLASS ) \
The ASHRAE Handbook of Fundamentals glves massive tables on solar \
heat gain for latitudes 24, 32, 40, 48, and 52o N for the twenty-first 0.2 S S H
day of each month. But these erudite tsbles are next to impossible for \
a desimmer to use as a source of obtaining a quick estimate of solar 0.0 \
0 13 30 45 60 75 90
heat gain. The designer should be able to find out by looking at a ANSLE OF INCIDENCE, DEGREES

Gig. 12 R Transmiffance of Solar Radiation Through
Glazing Materials for Vorior'; Arales of Incidence

through a wall or window detail. , (ASHRAE GUIDE -|91)

chart (or several charts), how many Btu's of solar energy will enter

The HANDBOOK discusses means of predicting 'Solar and Total Heat
Transfer Through Fenestration Areas'. (HOF -476,7) This article ex-
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plains that heat transfer through glass is affected by several factors,

among thems

1. Solar radiation intensity, I, and incident
engle, 6 . (figure 1)

2. Outdoor-indoor temperatura dlfference. When
the sun is not shinging, heat flows according to
the usual laws of heat transfer (primarily)s

+ H=T (4 -1,)

This phenomenon was discussed in the section, "Heat
Loss Through the Exterior Skin"

'
The glass becomes hot when the sun shines on it, and heat then

flows by radliation and convection from its outer surface to the atmos-
phere and the surrounding envi:onment, and from its inner surface to
the room air.

from an unshaded single glass 1is:

total heat admission _ solar heat + coridbctlon
through glass galin heat galn
RBSORBED
- ({5 -.¢> + T (4)

N; is the inward=flowing fraction of absorbed radiation. For
unshaded single glazing,Ni==Ipﬁ-, and H becomes
g
H :U(TI + to-ti)
o
o =absorptance of solar radiation by the glass, percent; the

opposite of reflectivity. (See Appendix IV for values of
some common materials)

t=ingident solar radiation, Btu ‘per suare foot per hour (Btu/
ft /hr).

-

H T, f.,fo mot; were all defined before.

3. Velocity and direction of ailr flow across the

The rate of heat flow inward by radiation and convectlion

" Fig.3...

If INCILENT ANGLE HOR
— FOR MORIZONTAL v "M.L

SURFAZE s

v
SUN F““'"‘ g
\
th N ENGLE .
|

Lo
-~

"u“

s
S
!

SOLAR ALT:TuZE, Ps L QCH
ZENITH ANGLE, 2+ 4L QOV
WALL AZMUTH, ¥ L SOP

SOLAR AZIMUTH, § = £ SOH
INCIDENT 3NCLE, @, * £ QOP
WALL - SOLAR AZIMUTH * £ HOP

To find the wall-solcr aziauth for other orientations,
For walls facing East of South: For wolls facing' West of South:

Y=¢ ¥ om 7 =¢+yam
Y=¢ — ypm

¥y =¢ + p.m.
Treat negative vclue: of - as if they were positive, If  is greater than 50

deg, the surfaca is in the shade.

. Sovar Ang'es for Verticai and Herizontal Surfaces

(HOF)
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exterior fenestration surfaces. This phenomenon
was also discussed earlier in this section under
"Wind Control",

4. Low temperature radiation exchance between the
surface of the fenestration and the surroundings.
This phenomenon is difficult to predict - 1t 1is
assumed to be included in the outer and inner sur-
face coefficlents (air films), f. and f‘- .

Since o, I;, and {; vary greatly, primarily because of the inci-
dent angle between the sun and the glass, the HANDBOOK has provided
the tables previously mentioned., (HOF - 470-4)

Extensive work on the concept of 'solar house' was done by F W
Hutchinson at Purdue University. In 1945, under a grant from Libbey-
Owens-Ford Glass Company, two nearly identical houses were built side
by side. The only difference was that one of the houses had consider-
ably more south-facing glass (two 1" clear glass panes separated by a
%" air space; U = 0.53 Btu/°F/ft2/hr). {SHO - 55) During the
first winter season, the solar house used 16.5% more heating energy
than did the house of orthodox construction. Inspite of this, Hutch-
inson reported in May 1947 that "the available solar gain for double
windows in south walls in most cities in the USA 1s more than suffi-
cient to offset the excess transmission loss through the glass."
(SHAR - 90)

The main deslgn problem of south-facing windows becomes that of
making sure that the thermal heat capacity of the inside of the build-
ing 1s great enough to absorb and store the excess heat so that the

interior space does not require venting. The better the insulative

value of the walls and windows, the less heat will be lost through
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héat transmission and the greater will the heat
capacity need’to be, Ehis 1s shown in the graph

where the inside temperature in the unheated

solar house was 80° on January 15 while outside
it was below freezing.

It must be pointed out that large glass
areas require a larger first cost of a.heating
system because of the extra heat loss involved
through the glass which would otherwlise be solid
wall. Also, for a glven latitude, solar inten-
sity does not vary (although cloudiness does),
but heat loss does vary according to the outside
temperature. It follows then that the use of

glass in mild climates has greater potential
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Fig. 3. Test results from operation of both houses without any heating. (SHAR - ‘12)

for reducing seasonal heating demand than it does in cold climates at

the same latitude.

The quantity of solar energy which gets through a south-facing

window on an average sunny day in the winter 1s more than that which

is received through that same window on an average sunny day in sum-

mer, There are a number of reasons for thiss

1. Although there are more daylight hours during

the summer than during the winter,

there are more

hours of possible sunshine on a south-facing win-

dow in wintgr than in summer.
latitude 35°N,

For example, at
there are 14 hours of possible sun=-

shine on June 21, but the sun remains north of
- east until after 8:30 am and goes to north of west
before 3130 pm, so that direct sunshine occurs for

only 7 hours on the south-facing wall.,

But on
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December 21, the sun i3 on the south wall for the
full 10 hours that it is above the horizon.

2, The intensity of insolation on a plane normal
to the sun's rays 1s approximately the same in
summer as in winter. The extra distance that they
must travel through the atmosphere i1s offset by
the sun's being closer to the earth during the
winter than during the summer,

3. Since the sun is closer to the horizon during
the winter, the rays strike the windows at more
nearly right angles than they do in the summer
vwhen the sun is at a higher altitude. At 35°N,
150 units of energy may strike a square foot of
window during an average winter hour; during the
summer this number would be 100 units.

4, Winter sky radiation (due to the scattering
effect of the atmosphere) is twice the amount of
summer sky radiation. :

5.-The more nearly the sun's rays hit the window
at right angles, the greater the transmittance
(shown earlier). They are more nearly so in
winter than in summer. .

6. With proper shading, the window can be shielded
from most of the direct summer radiation.,

Hutchinson's conclusions are that 'more than twice as much solar
radlation 18 transmitted through soutb-facing windows in winter as in
summer. If in summer the windows are. shaded, the difference is even
greater,

The follqwlng chart, prepared by Hutchinson, can be used as a

design tool to approximate solar heat gain through windows for the

seven-month heating season., The effects of window type and latitude

are relatively small compared with normal outside temperature and pers~:

cent of sunshine.
These two values can be found in the table on the page following
the next for about 48 citles in the US, The first column glves the

ratio, F, of the average number of sunshine hours during the heating
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Example: A window conli!ﬂlzol

"' two identical sheets of % in. clear -
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Fig. 5—Seasonal saving (or loss) attributable to 1 sq ft of double xhn
window replacing an equal area of south wall with solar overhang of roof (R BS -lle

(Note that the opaque wall area is not credited with any effective seasenal solar energy wtftimation) '
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Overall Coef

of Wall which Window Replaces.

|plate glass separated by a 1§ in. gsfe
!space is to be used in a mﬁﬂ

' which has an overall coefficieaitof

‘heat transfer of 0.165 Btu/(hr) (sq

ft) (F). The normal outside tem-
perature for the locality is 86 F
and the sun shines for 65 per cent
of the maximum possible hours be-
tween October 1 and May 1. Lati-
tude is 40 degrees. = v

Solution: Enter bottom of the
upper left quadrant of Pig. 5 at the
heavy vertical line which is iden-
tified as applicable to 14 in. glass -
with Y, in, air spaee at 40 deg
latitude. Rise along this line to
intersection with- line for 65 per
cent sunshine them move horizon-
tally right (see dashed example
line) to enter upper right quadrant.
Now re-enter the figure at value of
U,=0.165 on scale at right of
lower right quadrant. Follow the
directrix line from point of enfry to
intersection with vertical for 14 in.
glass, ¥, in. air space, 40 deg lati-
tude; then move horisontally left
‘o intersect curve for ¢, =235 deg
and from this point move vertically
upward to intersect the horizontal
line already established in the up-
per right quadrant. The point of
intersection of these two lines gives
the answer as 107,000 Btu saved
per seven month heating season per
square foot of window.
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season (Ootobisr 1 to May 1) to maximum possible
sunshine hours. The last two columns shoi,
transmiasioﬁ losses through single and dou-
ble windows; - such losses are for use in sizing
the heating plant for a shelter but have 1little
significance with regspect to operating cost.
The fourth and fifth columns give net gain
of energy (a negative number reprpsents a loss)
resulting in the use of one square foot of
single or double glass. All 48 citiles show
net energy gains through the double glass. The
losses shown through the single élass in some
cities would have to be compared (using Hutch-
inson's chart and the 'Heat Transmission Cost
Chart® in this thesis) with the heat loss thru

the wall it was replacing. The approximate

seasonal heat gain is the prpduct of the wvalue

in column four or five times the window area
times the number of hours in the heating sea-
son, Of course, there willl be many days when
all of this heat cannot be used. Often, too,
other factors such as human desires to pull a
shade or close the curtains will reduce solar
gain., The analysis does not take into account
solar gain of south walls. Hutchinson's work

showed that this factor can be significant,

| Normal : BRI
(SHAH) Fractien, F,| empera- out! Neot energy gain,
of manl. [fere during i, winter|  Biu hr agtt due
City mum posal-| SPVOR | gir fem. | 1o use of glass.
blesun. | Moalh | poppe !
shine. heating [P AOBBESE s Sl e B S S
' seasen, Single Dounble
ta glass |- gloss
I. Albany. N. Y, 403 %.2 —24 —18.0 58
2. Albuguerque, N.M.| 7720 .| 470 —10 18.06 90.2
1. Atlanta, Ga. o 522 515 —8 8.0 18.0
4. Baltimore, Md. 588 438 - 20 . 159
| 5. Birmingham, Ala. 510 53.8 —10 109 10b
6. Bismarck, N, D. 546 46 ~-45 —20.1 40
7. Bolse, 1d. 340 45.2 —28 229 16.
8. Boston, Mass. 540 3.1 --18 5.2 117
9. Burlington, Vaq. 419 3.5 --20 -19.5 e
10. Chattancega, Tenn. 508 498 --10 50 16.7
' 11. Cheyenne, Wya. b8 41.3 --38 57 20.9
12. Cleveland, Ohlo 408 37.2 —17 11.7 3.7
13. Columbia, 8. C. SH 54.0 —2 11.2 19.8
| 14. Concord, N. H. 515 3.3 —35 —)2.0 7.4
15, Dallas, Texas 470 5.5 —3 7.1 16.4
' 16. Davenport. lowa 539 40.0 27 —131 12.8
117, Dunver, Colo. 705 38.9 -.29 5.2 217
18. Detroit, Mich. 429 - 35.8 -—24 14.1 4.0
18. Eugene, Ore, 439 50.2 - -4 2.7 13.2
20. Harrisburg, Pa. 495 43.6 --14 —1.5 125
21. Hartlord, Conn. 582 4.8 —18 —.3 14.1
22. Helena, Mont. 521 40.7 --42 —3.3 12.2
/23, Huron, 8. D. 579 282 --43 —14.1 8.0 .
|24. Indianapolis, Ind. j 07 403 --25 —4.6 12
'25. Jacksonville, Fla. 400 62.0 —J0 13.8 18.}
128, Joliet, M1, 330 40.8 —25 2.9 12.8
27. Lincoln, Neb. Bl4 37.0 ©—-29 —22 15.3 1
128, Litile Reck, Ark. = | 813 ( 516 —12 85 18.9 T
29. Loulsville, Ky, 514 . 453 —20 1.5 146 1017 34.0
30. Madison, Wis. 508 37.8 —29 —7.8 . 9.5 1ne 04
31. Minneapolis, Minn, 587 294 —34 —15.74 5.8 ms 2.4
32. Newark. N. . +.550 434 —13 14 155 938 L2
33. New Orleana, La. 370 81,8 7 1y 18.} 7ne ”e
34. Phoenix, Ariz. 580 - 59.% 18 ale 275 810 | 324
35. Portland, Me. 528 33.8 21 —~7.2 120 55.4 20.4
36. Providence, R. I. 342 37.2 —17 ~48.1 11.8 8.3 5.8
37. Raleigh, N. C. 870 50.0 t—2 —10.0 208 814 432
38. Reno. Nev. .637 45.4 —I19 8.8 217 1008 | - §94
-39, Richmond, Va. .504 47.0 —3 8.0 202 2.5 RE 2N
40. 81. Louts, Mo. 567 4356 —22 26 | 188 1048 5.2
41, Ball Lake City, Uteh | .52 40.0 —20 0.0 158 0Ly 840
42 San Francisco, Cal. 815 54.2 27 17.3 237 480 e
43, Seattle, Wash. . 340 463 3 —73 5.2 75.9 w2
44. Topeka, Kan. 613 4213 --25 38 | 184 1079 §7.0
45. Tulsa, Okla. .560 48.2 —18 74 . 19.0 . 97.2 132 )
43. Vicksburg, Misa. A7 56.8 -1 107 17.7 0.2 Qs
47. Wheeling, W. Va. | 408 46.1 —I18 37 8.0 0.4 528
48. Wilmington, Del. | 558 45.0 —15 7 10,8 98.1 810




gol-alr temrerature

The heat flux, H , into an opaque sunlit surface is
H=°(I.t ""ho(fo"‘ts)- 6AR

H,®, T4, and 4, have been defined.

Vk=coeff1clant of heat tresnsfer by radiation and convection at the
outer surface, Btu per degree Fahrenhelt per square foot per
haur (Btu/OF/ ft2/hr).

=outdonr surfece temrerature, desree Fahrenheit (°F).

€ =enittance of the surface, percent. The ratio of the ability of
the material to radiate its heat to the ability of a blackbody
(€E=1) to d» the same. (values for some materials are given in
Avceniix IV)

AR=the difference between the longwave radlation incident on the
surface from the skv 2nd the surroundings, and the radiation
emitted by a black body at oEtdoor air temperature, Btu per
sauare foot per hour (Btu/ft</hr).

The sol-alr temperature is an imapginary temperature of the out-
door air which eliminates the radiation terms in the above equation by
cnhabining them with the convective term so that the resultant tempera-
ture, te, 1s the one that the surface 'sees' because o{_bbth convection
and reiiation. In terms of t , H becomes

H= hy (te-ts)
and is trerefore
'bc=t°+drf/ho~ eAR/h,

Table 25 of the ASHRAE HANDROOK (HOF - 490) gives sol-air temp-
eratures for July 21 at 40° N latitude. For horizontal surfaces,
AR220 2+u/-t%/hr, ex1, and W2 3.0 Btu/OF/ft2/hr; eARAo&-?"F. For

verticsl curfeces, EAR/ 20.



colored surfaces, and 0,30 represents the maximum likely value (for
dark surfaces). . |

For example, at noon, on July 21, when the sun 1s shining on an
average sunhy day, 109 Btu are striking a south-facing surface at 40°N
latitude., If the ailr temgerature is 90°F and the surface is light in
color, the surface 'sees' a sol-air temperature of 112°F,

As with the solar heat gain tables, thiq table is not a quick
useful design tool. Efforts should be made to make it rossible, in
conjunction with solar heat gain information, for the designer to
readily adJust surface orientation, size, color, and composition,

knowing the effect of each decision on the heating (or cooling) demand

of the interior space.

The_paramete:~-$/h° has been given two values; 0,15 is for light~'
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heat storage capacity of materials

Not much has been written about the role of the total heat capacity of
buildings in diminishing the effect of fluctﬁating outdoor temperatures
on indoor temperature and the resultant diminishing heating or cooling
demand. We know that heavy stone, earthen, or concrete structures
seem cool during warm weather and seem warm during cool weather. One
primary cause of this 1s the thermal heat capacity of materials. An
abbreviated explanation of this is that materials absorb and store

heat as they increase in temperature, in pfoportion to the product of
their specific heat times their density (see the table). Victor 0Olg-
yay in DESIGN WITH CLIMATE describes this phenomenon. Beginning on
this page and continuing on the following four pages, are a part of

his explanation. (DWC - 115-9) Research and translation of existing
information into usable design tools is necessary in order to make this

factor part of our design criteria.

POUBLE GLASS
4

SUTWARD LO3s , 500 UNITS

o DARKEN CONCRETE ok BRICK

RLGLD [NSULATION
MOISTURE BARRIER

$ﬂhl?1-’€¢mp’uri$°n of Various Low Cost
Materials on an Equal Volume Basis

! ; ~Heat Capacity
(Specific Heat | Density | of One Cu Pt

. Material | Btu per Lb | Lb per | Btu per Cu Ft
i per F Cu Ft ‘ per F

Water 1.00 62.5 62.56

| Iron, scrap 0.112 189 bb .

. Concrete 0.27 140 38
Brick 0.20 140 .28

+ Magnetite, iron ore 0.165 320 63
Basalt, rocks 0.20 180 36
Marble 0.21 180 38

RESISTANCE INSULATION OR HEAT
CAPACITY EFFECTS

To evaluate the desirable thermal behavior
characteristics for materials in a given climatic
region, a study of the yearly temperature con-
ditions with their relation to comfort condi-
tions is needed. From the yearly maximum
temperature range a direct relationship can be
established to the needed insulation value; and
from the daily temperature range a parallel
correlation with heat-capacity requirements
can be confirmed. On the latter, Leroux? rec-
ommends that in zones where the diurnal
range is 6 to 8° C (11 to 14° F) the construc-
tion should be of 300 kg of heavyweight ma-
terial, such as concrete or masonry, per cubic
metre of the building; for a range of 10 to
12° C (18 to 22° F) 600 to 700 kg per cubic
metre; and over 20° C (over 36° F) 1200 kg or
more per cubic metre. These recommendations,
although correct in principle, have been
criticized for application in particular.® We
will offer below a more detailed approach to
the problem.
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The relationship of comfort conditions and
"diurnal temperature variation can be illustrated
with regard to desirable material characteristics
in some typical examples. Heat capacity is
essential when the slope of the daily tempera-
ture curve (which is equivalent to amplitude)
is steep and the resulting flattened daily curve
remains in (A), or near (B) in the comfort
zone. Where the mean outdoor temperature is
expected to be 85° F or higher, heavyweight
construction by itself would stabilize tem-
peratures in the discomfort range. However,
with steep curves there is the possibility of us-
ing low diffusivity materials to absorb the
thermal conditions near to comfort situations
(C and D), and to maintain them during the
extreme periods of the day (with measures
such as closing openings to trap shade tem-
peratures or heat peaks).

Both heat capacity and resistance insulation
values are required in zones where seasonal
and daily variations are excessive (E). Under
conditions where the seasonal temperatures
are extreme (F) the importance lies in the
insulation value, and comfort conditions have
to be maintained by mechanical means. Here
the daily temperature variation is relatively
negligible; however, if it is rather steep, inter-
nally placed heat capacity materials can pro-
vide a diurnal balancing effect.

Two examples illustrate the marked differ-
ences in buildings of different materials under
similar conditions. Shown is a comparison
between an open, light structure and a heavy,
closed one, in locations where the wooden
building fluctuates with the ambient outside
temperature, reaching 25° daily amplitudes.
The closed brick house stabilizes the indocr
conditions with low mean temperatures where
the maximum diurnal cycle does not exceed
9° variations.?
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TIME LAG AND CALCULATION
METHODS

Datly Heat Balance of Structures. In an ex-
ample a comparison is shown between the be-
havior of light and heavyweight structures
under the same climatic circumstances. The
calculations were made for a housing develop-
ment in Baghdad, Iraq. The upper left graph
shows the heat transmission curves for wood
construction walls (U = 0.268, lag 2 hrs, color
light) under sunlit conditions in midsummer
(July 21). The curves on the lower left indi-
cate heat flow behavior of 9" native Iraq brick
walls under the same conditions but with 10
hrs time-lag characteristics. Note that although
the total daily heat transmission of the build-
ing components at both structures is the same
(having equal insulation values), the amplitude
and the period of transmission is markedly dif-
ferent. The total daily heat flow behavior of
the structures is summarized in the upper
right graph; under it the shade-temperature
cutve illustrates the corresponding outdoor
conditions. Note that the light structure heats
up during the hot daytime hours (from 7 am
till 7 pm) transmitting 450.5 Btus through
the differently oriented unit surfaces, while the
heavyweight structure transmits only 331.4
Btus during the same period. Here the heavy-
weight components are markedly advantageous
in the daytime heat balance.

CALCULATION METHOD FOR TIME
LAG REQUIREMENTS

The ~shiftin phase” effect of capacity insula-
tic . provides the leewav to delay outside im-
P o heat load pertods to a cooler time
3

pera’ oo

b o traneamt the nichtiime low tem-
the dastime beat peak Gener-
ally it can be said that in zones o1 hich diural
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235. Pearranged sol-air impacts according to desirable
time lags, Phcenix, July.
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236. Comparison of heat impact on structures with and
without use of time lag, Phoenix, July.

variation an approximate half-day time-lag
shift (that is, the delay of night coolness to the
day and the day warmth to the nighttime) will
result in daily thermal balance. However, as
the sun’s impact heats the various surfaces at
diflerent hours, the problem has to be studied
in detail.

Such an analysis is applied for Phoenix,
Arizona suinmer conditions (July 21, at clear
day, average temperature conditions, a = 0.7).

i e Y e I I LI T TURR VIS

fcremly oriented surfaces are indicated. Here
the accumulated heat load concentrating at
the early afternoon hours is evident. In order
to shift the impacts to cooler periods different
exposures require different time lags. The
heaviest load falls on the horizontal surface
(roof), needing a shift of 11 to 12 hours. The
load on the east exposure would need from a
minimum 12 to an optimum 17 hour shift to
avoid delivering irs heat during peak hours,
which indeed would be an extreme require-
ment. Therefore, the practical solution is to
have no tag at all for the east, and to let the
impact be felt at the inside while the daytime
temperatures are still low. The south side has
little importance; the desirable shift is inini-
mum 7 hours, optimum 10 hours. The west
side which receives the heaviest load among
the wall surfaces should have a minimum lag
of 5, an optimum shift of 10 hours. The north
wall has the least importance with regard to
lag characteristics, however a 5 to 10 hours’
delay helps somewhat in the daily heat disuri-
bution. The sol-air eflect distribution delayed
by optimum time lag requirements is shown.
The consequent total heat impacts in a con-
struction unit resulting from the use of opti-
mum time lags are compared with an un-
balanced structure. The chart, it should be
remembered, is computed with sol-air values
excluding the insulation effect of the materials,
hence directly applicable only for lag calcula-
tions. In the graph the full line indicates the
imipacts conveyed by the heavy construction,
the broken line that of the light structure. The
relationship of the curves with the outdoor
temperature is illustrated by a dotted line.
Note that during all davtime hours (7 Ao
7 pM) the heavy structure will transmit lower
temperatures o the interior than the lichtoon-
struction. In the evening,
structure cools ofl. the ourdons oo

when the b 6 4



struction to utilize ventilative cooling. The
graph also indicates that under the analysed
comfort conditions the most balanced indoor
situation would occur in a house designed so
that daytime living areas were built of heavy
materials and nighttime areas of light mate-
rials. ’
OVERALL HEAT TRANSMISSION
COEFFICIENT (U) AND TIME LAG
CHARACTERISTIC DATA FOR
HOMOGENEOUS WALLS0

Thickness, U value, Time lag,
Material Inches Btu/sq ft/hr Hours
8 0.67 5.5
S 12 0.55 8.0
tone 16 0.47 105
24 0.36 15.5
2 0.98 1.1
4 0.84 25
. 6 0.74 38
Solid Concrete 8 0.66 51
12 0.54 '7.8
16 0.46 102
4 0.60 3.3
Co Brick 8 0.41 5.5
mmon Brick 19 0.31 85
16 0.25 12.0
Face Brick 4 0.77 2.4
, ! 0.68 0.17
Wood 1 0.48 0.45
2 0.30 1.3
4 0.42 0.08
1 0.26 0.23
Insulating Board 2 0.14 0.77
4 0.08 2.7
6 0.05 5.0

In the above table the U value is based upon an outdoor
surface conductance of 4.0, and an indoor surface conduct-
ance of 1.65 Btu/sq ft/hr. For composite constructions to
the individual sums of the time lags an additional estimated
lag should be added. It is customary for two laver and light
construction walls to add § hour more; for three or more
lavers, or very heavy constructions. one hour additional lag
is preferred

The reduction of heat flow is most eff-
ciently achieved by the resistance-insulation
property of the material. The desired insula-
tion magnitude is in direct relationship to the
difference between outside thermal conditions
and comfort requirements. This relationship
can bc based conveniently on the design tem-
peratures of the locality; and expressed as the
“insulation index.” However, difterent expo-
sures, as a result of the sol-air action, have
different temperature impacts, diminishing or
adding to the thermal heat load. By using
“balanced insulation” values to account for
these differences, interior thermal conditions
may be equalized.

The calculation method for balanced insula-
tion effect is illustrated for four localities. In
the middle of the graphs is the plan of a
structure. Clockwise at each side the hours of
the day are indicated. In the main directions
the winter and summer sol-air temperatures
are charted on unfolded elevations. The tem-
perature curves, computed for sunny days at
average conditions for light surfaces, are re-
lated to winter (70°) and summer (74°) com-
fort conditions. The section of the structure is
shown below to indicate roof impacts.

The design condition for each season was
selected according to the duration of under-
heated (when from 7 am to 7 pm the tempera-
ture is mostly under 70°) and overheated days
in the vear. This underheated versus over-
heated relationship was found to be: in Min-
neapolis 75 to 254, in New York 72% to
28%, in Phoenix 27% to 63%, and in Miami
12% to 88"c. Accordingly, in Minneapolis and
New York the cold condition (Jan. 21), and in
Phoenix and Miann the hot condition (July
21y, were sclected as desion oritenia,

The dailv temperature thuctuatons relative
constitute the main

to comfurt conditions

. - e e g
daily deviation from 70° (in winter) or 74° (in
sumimer) gives the measure for relative insula-
tion values in cases where the seasonal impacts
impose marked stresses on specific sides, such
as the horizontal surface (R = roof) in sum-
wer at higher latitudes, the evaluations were
calculated on a yearly basis. This results in the
following relationships at different exposures:

E S W N R
Minneapolis 50t 421 53¢ 50t 57
New York 35¢ 27t 38t 35¢% 40"
Phoenix 32t 28% 28% 333 151
Miami 181 13} 141 19% 304

The values marked with t were related to winter loads,
those with § to summer loads; values indicated with * were
adapted according to the duration and impact both of
winter and summer loads.
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ofientation

Since solar radiation strikes differently oriented surfaces with diff-
erent degrees of intensity, it follows that @ shelter might benefit

if 1ts axis were oriented in such a way so as to receilve this heat in
the winter and shed it in the summer. Henry Niccolls Wright studied
this poséibility in "Soler Radiation as Related to Summer Cooling and
Winter Radiation in Residences", (SRR) His conclusions for New York
City are summarized below:

The maximug heat value of solar radiation is
350 Btu/ft*<,

The maximum heat value of solar radiation 1s the
same throughout the year, probably due to the
lower humidity in winter (less atmospheric absorp-
tion). Also, the earth is closer to the sun dur-
ing the winter.

The greatest average heat value reached in winter
is in the 1late afternoon.

"The effective solar radiation on a wall facing
south 1s almost five times as great in the winter
as 1in the summer."

"The effective radiation on a wall facing west-
northwest is six times as great in the summer as
in the winter."

"The greatest effective solar radiation on vertical
walls occurs in the winter,"

Therefore, "houses placed broadside to the south-
southwest, with most of the importent rooms and
large windows located on that side - and with a
minimum of window area on the west-northest end =-
will be a great deal easlier to cool in the summer,
and more pleasant to live in and easler to heat
in the winter.”

The following two figures (SRR - 5,22) are self-explanatory. In



OLD PLAN: RESULTS NEW PLAN:

Original design in worst orientation

Revised design in best orientation

hOT IN SUMMER
A,

Sun-heat in Living Room,

MAXIMUM SUN -HEAT:

. AVERAGE  SUN-HEAT:

HAHM

COOL IN SUMMER
v

Sun~heat in Living Room,

MAXIMUM SUN -HEAT:

#

AVERAGE SUN -HEAT:

COLD IN WINTER
Wieww

. Sun - heat in Living Room,

4

MAXIMUM SUN - HEAT:

AVERAGE SUN - HEAT:

WARM IN WINTER
2T

Sun - heat in Living Room,

MAXIMUM SUN - HEAT

AASARMAMN

AVERAGE SUN-HEAT
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the first, solar radiatinn on a house of 'worst' orientatioﬁ 1s com-
pared with that on one of 'best' orlentation. In the second, wind,
shadows, view, and insolation are considered in the site planning of
'suburbia' (1930's). Winter winds afe minimized and summer winds are
maximized., Shadows never hit another house. Orientatlon takes best

advantage of insolation.

lencth-width ratios

A shelter benefits in solar heat gain because of 1ts
ori=antation; 1t also benefits because of different
ratios of its length to its widith for the same rea-
son. The 'optimum' shave loses the minimum amount of
outward movine heat and gains the maximum amount of
snler heat in the winter, and accepts the minimunm
amount of solar heat in the summer. Olgyay (DWC) has
shown that

in the uprer latitudes (40°N *), south sides of
builiings receive nearly twice as much radiation
in winter as in summer. East ani west sides re-
ceive 25 times more in summer than in winter.

Lower latitudes (35°N~) gain even more on south
sides in the winter than in the summer. East and
west walls can galn two to three times more heat
than the south, in suunmer.

Well-insulated buildings and those with shad-
in~ devices show even greater variances but those
with sm21ll windows or which are shaded show less.

"The square house 1is not the 'ontimum' form
in any locatinn,"

All shapes elongated on the north-south axis



work with less efficiency than the square one in

both winter and sumzer.

The optimum lies in every case in a form elon-
rated along the east-west direction.

The graph on the following page {DWC - 89) shows
"basic forms and building shapes in different regions,"
The four differ>nt climates are'represéntqd by: cool,
‘Minneaonlis, W4ON; temperate, New York-New Jersey,
40°; hot-arid, Phoenix, 32°; hot-humid, Miami, 249,
"Heat rsalns" represents thé Btu impact per day on the
four sildes and roof of a house as a function of solar
radiation and surface temperature, as 1f_affects the
heat gain of the interinr. "Optimum" ratio (eg, 131.1
for 'cool' climates) maximizes benefit from the sun in
winter, minimnizes it in the summer. “ﬁlasticltx"'ratlo
(ez, 1:1.3 for 'cool' climates) shows the "elongated
shape that 1s subj)ected to the same heat lmpacts as

a square'form“. (DWC - 88)
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an example of puttine a2 Yot of these ideas together

“4:: NoPTH

11712
PRAWN BY MALCOUM 8. WEUS OF MALCOW B . WELS PROFESS (OMAL ASSOCIATION

AN EARTH-oLEBD, SolAR-HENTED Hoi=t. /¢ 9. secTon

A FIEEPROOF, EARTH-AND-TREE - COVERED HOUSE BUILT OF STANDARD PRECAST
CONCRETE STRUSTURAL MEMBERS, THIS TYFE oF BRUILTING IS oAl 1o
FEQUIRE NO MecCHANICAL R ElecTRICAL HEATING OF AR coNPITONING!

(N SIMPLEE |, \COD - FEAME AMOBEL , BUILT IN THE CABOLINAS, HAD AN
INCEOE TEMPEEATURE RANGE OF ONLY 15° URING AN eNTre Year )

(SOMMER) BiG SOUTH-S e TREES AND
BOOF OVERHANG SHADE L ASS . WARAM
AR UNDER POOF ESCAPES BY R ANTY
AT VENT WINCOWS (1), PULLING IN

(VN 2ase HeaT ThEowEH LaRGE
waneows (H) 1B suppLemeNTep BY
ENETH ~WABRNMING OF colD-\WVALL Al

WHICH FAUS THROUEGH REEIMETER-

1 Giots (F), 1S \WarRMED, OND Bises EARTH-Zcoler AR THROWSH BUsicD
THEOUSH CFENING (&) MASSIVE concpEte Pifes(D-£), WHICH cipculaTes
INSULATION (&) PReVENTS HEAT Lok, .. HEoUEH House Before Beine BE-

() zimpy INDleaTES EXaavAaTION) leaser AT (1) AS HeaTep AR.
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*PROFILE VARIATIONS"
(PSHD-124)
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Although lengthy histories of several experimental solar-heated houses
are given in Appendix 1, the following summary is in order,

The first solar-heated house was built at Massachusetts Institute
of Technology in 1939 through a generous donation by Dr., Godfrey L
Cabot, MIT '81, The puhlication by Hottel and Woertz, "The Performance
of Flat-Plate Solar-Heat Collectors", is still the basic guide for
flat-plate collector design,

MIT's House I1 tested the notion of combining the operations of
heat collection, storage, and “elivery to the heated space by exposing
a storage ‘'wall' to the sun, The collected and stored heat was then
radiated or convected to the living space, Remodelling of this struct-
ure became MIT House II1 in 1948, The house was successfully heated,
largelv by solar energy, for several years (a married student and his
family lived in it).

Using a slightl& different apprbach to the collection and storage
problems (vertical, hot air collectors and salt (heat-of-fusion) sto-
rage), Dr, Maria Telkes and two other women completed a solar-heated
house in Dover, Massachusetts in 1949. Complications resulted in its
conversion to standard heating,

During the fifties, G O G Lof was instrumental in bringing to
completion two houses, a small bungalow in Boulder, Colorado and a
nine-room contemporary residence in Denver, Dr, Lof explored the con-

cepts of hot air collection, mass-produced collectors, and crushed
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rock storage,

MIT House 1V went into operation in 1959, Its purpose was to make
it possible for e<olar heating to take its place on the American resi-
dential scene, It included summer cooling and solar-heated domestic
hot water, A series of complications and its economically noncompeti-
tive results led to a halt in MIT's efforts,

Since 1960, Harry Thomason, in Washington DC, has gained a great
deal of publicity for his efforts in the development of four solar-
heat houses, It appears that his comparative unsophistication has re-
sulted in low-cost collectors, simplification of design, and long-term
storage, Few cost figures have been released to the public, however,

A good deal more than these works have been completed, many are
now under construction, and others are on the drawing boards, but this
summary and the extended summaries in Appendix I may aid in putting
present and future work in context, It is hoped that the following

pages will help to broaden this context,
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ENERGY COLLECTORS

COVERGLASS

COLLECTOR
PLATES

HEAT
COLLECTION

cosT

SIZE

® A collector works on the principal of the 'greenhouse effect', that rlass
ls trans.arent to shorter-wave visible 1lirht but 1s opaque to longer-wave
infra red, which is the-heat reradiated back from the collector plate,

® One cover glass for warm to hot climates (Phnenix-Miami) and two for cnld
climates 18 ortimnal. Use glass of 1low iron content.

® Uze of rlastic in ,lace of vlass has been of small success; .lastlc often
becomes brittle ani deterlorates; 1t may also soften at hirh temgeratures,
'U-V'- (ultra violet) treated plastic has a much lon:er life (uo to ten
years)., Flastic films are chean, there 1s a disposal problem, and much
plastic is petroleum-based in its com.osition.

® Construction should be tirht snourh to keep out dust, rain, ani? water va-nr,

@ “fficlency 1s little affected by dirty zlass.

® The absorbing surface, the collectnr rlate, Should have hi-h absorntivity
(of snlar radiatisn) and low emdasivity (will not radiate the hest away but
hal4s 1t until 1t 1s transferred to the collectinn fluid), Vslues for abrirp=
tivity and emlssivity are in Arrendix IV. Coatings anl surface treat-entr
have been developed (c~lled 'selective surfaces') to im-rove these cropert!a-,

® Usually of hlackened (with a matte black paint) aluminum or copper.

® Althouzh lichter than steel and more absorotive, aluminum requires five tiT: s
7are energy in'its production and is a scarcer naturzl resource. (Coprer 1~
out of the questlony As:halt and tar might do the job cheanly.

® Of th= rasdiatinn which falls on a collector, about 55% can be collected on
clear days, 35¢ on partly cloudy days, and noe at all on cloudy days. (3i-%)
Thls low efficiency is due primarily to reflection and absorotion by the
cover slass and reradiation ani transmission losses from the collector plste,

® Alr or water clrculates throuzh the conllector only when the collector 1s
5° hotter than the storare (the enerzy which 1s collected must more than
balance the enercvy used to circulate the water »r air).

® Efficiency of collection increases with lncreased difference between stora-~
and collector temperatures,

® Circulation of abut 6 pounds of water or 25 pounds of alr per hour per
sauire foot of collector is optimal. (PSHD - 124)

@ Efficlency of collection increases with increased speed of alr or water thru
1t; the temperature rise of the alr or water increacses with Jecreased srecd,

® Efficlency decreases with increased difference between outdnor air tempera-
ture and collector plate temperature,

® Efficiency is increased with evenness of distributinn of enllection fluid
over the collector plates,

@ Aprroximate cost 1s $2-5 per square foot (incluiing stor--e), but this virian
freatly with place, cveoanle, =2ni conditions. Materials could cost 11.50 «r
less but are usually around 32.07. Factory production 1is being invesgtii-~-
ted as are inflatahle plastic collectors.

cer two square feest of shelter.

® An ao-roximate size for 30-u5°N latitude 1s one square foot of collectiﬁ
® The hure surface im;oses severe desien constraints,



TYPE

crushed rock or other solids

s inexpensive material i

¢ large but inexpensive storage compartment

¢ almost maintenance-free

e best for use with a system of using air to
remove heat from the collector#*

e 1%-3 in-diameter rocks work well, but use
all the s~me size

e stores about 30 Btu per cublc foot for each
degree increase in temperature

water .
e inexpensive material ot
® fairly expensive cylindrical tank (galvanized
steel, extra resistance to corrosion)
e maintenance ocan be expensive (replacement
of tank) .
¢ stores 62 Btu per cubic foot for each degree
increase in temperature

AROUT ONL CURBIKL POQT OF ROCK PER
SQUARE POOT OF COLLECTOR.

AROUT 20\b (t% Gav) PLR
SQUARE roaT OF COLLCTOR,
(PSHD -125) S5-5D 1b HAS
BEEN USED.

WITH PRQPER
PHASE CHANGES,
ONE CUBIC 'FooT

SALT PER 20
: SQUARE FEET OF
13 COLLECTOR.

SRRAT:

&
"
-ate

£

Glauber's salts (chemlcals)

e not too expensive a material

e unreliable - depends on a phase change from
s0lild to liquid to store heat but stirring 1is
required to reverse the process - this pro=-
blem remains unsolved

e small volume needed - stores seven times more
heat per volume than water (at temeratures
aronnd its mrlting point, 90°F)

e expensive contalners

#* Thomason uses water as the heat collection
fluid, surrounds his water tank with 50 tons
of crushed rock, and uses forced warm air to
take heat from the storage to the living space.

HERT STORAGE
SIZE '

o must be large enough so that the storage tem-
perature 18 low (to increase the efficiency of
the collector). MIT House IV found a storage
temerature of 110° to be optimal,

e optimum storaxe size (based on economics and
efficlency) 1s usually best at from one to
three days of cold, cloudy weather, (Thoma-
son has 7-10 days storage - this may be 'eco-
nomical in his terms.)

e poscibly no more than 20 btu per pound of
water (about 400 Btu per sjuare foot of col-
lector) can be stored during one day
in the winter. (SHSE - 395) v
; .

TABLE ¢
Sensible Heat Storage Materials

Unit heat capacity
1
Specific beat Density Btu
. i, °F
Btu b
Ib, °F fo No voids 309 voids

Water 1.00 62 62 (62)
crap iron 012 489 55 38
Maguetite 0.168 320 53 37
Scrap aluminum 0215 168 38 25
Concrete 027 140 a8 28
Pk 0 205 180 37 2
Brick o2 110 28 20

(SHD -54)

LOCATION

® locate within the living space - in the base-
ment or attic if necessary but preferably as

" interlor walls, partitions, closets - so that
its heat loss will be to the heated interior.
Fully insulate storace svace, esrecially bet-
ween it and the outside. Ton 1little insulation
between It und the living space may result in
overhe-ting of that srace.

8 the cost of the solar system might have to
include the cost of the space occupied by
the storare.

@ for a water heat-collection system, locate the
stora~e below the level of the collector to
obtsin self-dreining (so that water won't
freeze in the pires). ;7:7
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The coldest weather may come after a per-
10d of sunless days, draining the heat
from the storace system. As the cold
weather continues, the auxlliary system
must be big enough to satisfy the large
heating demand resulting from intense
cold., The conoclusion follows that the
solar system is an addition to, and not
a replacement for, the traditional heat-
ing system, .
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AUKILIARY HEATING

Since extreme cold days and long rerlods of cloudy weather are occasional, the
extra solar energy system (collector and storage) size which would be required for
handling these occasions would be expensive for the relatively small amount of

fuel saved, Thus there 18 a need for an auxiliary heating system. (Thomason makes
his solar energy system large enough to handle up to 95% of the seasonal demand,
but his costs are not known. See Appendix I)

TYPE

® A traditional furnace should synochronize
with the solar energy system so that
blowers, coils, plping, ducts or whatever,
need not be duplioceted.

¢ The auxiliary heating unit should not

i heat the solar storape system (PSHD -125)
I {unless the storage unit is within the
confines of the living space).

® A cystem of forced warm air makes best
use of low temperature storage heat,

® The MIT House IV's water-to-air heat ex-
changer uged storare temperatures as
low as 24°,

® Forced warm alr systems can be used for summer coollng.

® Radiant heating ranels have a long time lag (from the switching on
of the system.to when the heating begins) and need higher operating
temperatures (heat from the stnrage unit therefor is not useful at
the lower temperatures that are able to be used by forced warm air
systems.

o Heat pumps are being used and investigated as means of
making low storase temperatures into useful heat (and for
obtaining econnmic summer cocoling from solar heat collection.

® Since fos<il fuels are rapidly depleting
in their suprly, serinus investiratinn

HEATED &lR should be made into alternstives to the traditional fossil-fuel-

burnine furnace. One route mirsht be to leave out a central auxi-
S liary system and instead use a number of smaller local (each room
AR PLENUM or each section of the shelter) and possibly different types of

SR

}\ et ” e units: fireplaces, space heaters (electric (occasinonal use only),
R > & DA, o e wood-burning, methane (home-generated) gas-burning), heat from
//_' & _.,v;tr" comMrosT Put compost rlles,

® Perhaps community centralized heating (and solar collection) 1is
the answer in many situations.

.



OPERATION

COLLECTOR SHELTER

SOLAR SYSTEM COLLECTS AND STD.F\ES HEAT,
NO HEAT DEMAND FROM SHELTER

SOLAR SYSTEM COLLECTS ENERGY AND
HEATS SHELTER

e, |

NOSUN ; NO USABLE HEAT LEFT IN STORAGE;
FURNACE HEATS SHELTER

NOSUN ; FURNACE OR HEAT PUMP "RAISES
STORAGE TEMPERATURE AND HEATS
SHELTER
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SOLAR COLLECTION AND ARCHITECTURAL L7SIGN

One of the best summaries of the architec-
tural problems of using solar energy was
made in a talk by Lawrence B Anderson,
former Dean of the School of Architecturs
and Planning at MIT, to the World Sympo-
sium on Applied Solar Energy at Phoenix
in 1955, This and the following page re-
print that talk, Most of the issues re=
main the same today, but some changes and
additions may be found on the pages

following, (Reprinted from WSQ ~ 201,2)

The Architectural
Problem of Solar
Collectors—

A Rouﬁdtablc

Discussion

" Lawgrence B. ANDERsON
Pancl Moderator
Massachusetts Institute of Technology

In order to visualize the architectural problem we
must know something about how big collectors
have to be, we must apy reciate the requircments for
angle of tilt, and we must consider the pracrical
aspects of construction gnd weathering.

How big are flac-platz collectors? If we relicd on
them as important eaergy sources, would they be-
come conspicuous in ou- environment? Here I could
make a number of dificrent calculations, with
widely varying results, depenling on my assump-
tions. Instead [ will simply state this: if you want
to build a house in New England, with hear and
hot water provided primarily but not entirzly by
the sun, you will want to design the house so that
the sun at noon in winter will not shine on any part
of the house excepr windows and flat-plate col-
lectors. You will need all the heat you can conveni-
ently get. The solution is manageable but the col-
lecror is fairly conspicuous.

From this cne may deduce that a building in
a very cold climate, or in onec where there ate
very cloudy winters, or a ‘building with poor in-
sulation or whose shape is unfavorable mighe
not intereepe cnough sunshine to take care of its
own necds, and might need a collector higger chan
its own projection on a plane normal to the sun's
rays. Under these conditions the problem beconics
unmanageable.

At the other end of the scale where bzcause of
clarity of the shics or warmth of the winters, or
perhaps because oac is erving only to provide do-
mestic hot water or a very licele space heaung or
cooling, there would L sitcations wheee the col-
lector becomes @ relaiine!y inconsprevows archiiee-

tueal foature, pas g lezous say, fora Loy larse
skylipht,

Size depends on how muh encrgy you are trying

to obtain. The roof of the new unit described by
Dr. Dani-:ls*, at 5 pereent efficiency would furnish
28 kwhr xer day. On the present U. S. scale of con-
sumption the roral encrgy needs are such that per
family ore would require one half-acre of cpllector
area or 2,000 sq. fect, at least ten times the floor
area of the average house. There are other uses for
the land, too; it would be a mistake to cut all the
trees 1o avoid shading the collector. One half-acre
of land per family corresponds to a fairly sparse sub-
urban hosing density.

Il the znswer to the arca question is that the col-
lector area for space heating rends to be of the same
order of magnitude as arca of south-facing house
envelope. What about angle of tilt? Ideal tile, or ©
angle from the horizontal, is the same as lacitude
for maximum twelve-month incidence, 15 to 20
degrees greater than latitude for winter optimum;
corresporidingly less than latitude for summer op-
timum. How do these angles relate to the tradi-
tinnal e!ements of building enclosure? I remind you
that the building techniques of most countries have
seemingly settled on a class of elements called walls
that are ordinarily vertical and another class called
roofs that vary from-the completely horizontal to
a maximum tilt of about 45 degrees from the hori-
zontal. Cptitnum tile for shingle materials appears
to be 25 Jegrees or so.

Vertical south-facing (or in southern latitudes
north-fucing) walls have limiced applicability for
solar-cuergy collecrion. Their interceprion is sub-
stantially less than thac of collectors of optimum
tile. Censidering winter conditions only, it would
he caly in Canadian or better latitudes chat vertical
walls could hold their own. For summer collection
of solar energy or for any collection in latitudes

80

"D Doy’ paper is presented on pages 19 1o 26.



less than about 45 degrees, the vertical wall is sub-
stantially less than the best.

Roofs, whether flatc or gently rilted, also have
limitations. Solar collection in the tropics or the
subtropics where the sun is much ncarer the zcnit.h
can use the roof to advantage. In these climatic
regions, the need for space heating is much dimin-
ished or even non-cxistent. Domestic energy needs
under these conditions will be dominated by the
domestic hot-water load, or perhaps if the standard
of living is high, by the hot scason encrgy demand
of the mechanical cooling devices. This puts the
emphasis on thie summer season for maximum col-
Jection needs, and tends to make the collector tlateer
and more rooflike. It is casy to imagine a rather
cflortless adaptation of building techniques to
solar-energy collection in the warm regions, think-
ing in terms of skylight-resembling units mounted
on flat roofs or of south-facing roof slopes of very
conventional pitch. Waere the interiors of houses
are not maintained warmer than the exeerior am-
bient temperature, thee is no great advantage to
having collector surfaces designed as part of the
house envelope. Collectors intended to provide
encrgy only for domestic hot water or for space
cooling might hetter be garden or terrace features.

The architectural problem of the Hat-plate col-
lector is much the most acute in the temperate
zores, the latitudes 35 to 55 degrees, where one
would like to use a collecting surface tilted at a
mansardian angle thatis dassitiable hardly as wall
or as roof, and having an arca big enough to inter-
cepe most of the energy failing on the house at mid-
dav in November o January. This poses a scvere
himitavon on the desizner and will produce build-
ings that difer substartially in appearance from the
forms to which we are accustomed. The collector

pline. I am inclined to say that existing urbanized
and industrialized cultures would have a hard time
indeed to make a tocal adaptation. First values will
probably appear in the more manageable sub-
tropics, with occasional brilliant contributions in
the sunnier climates of other latitudes.

We ha- ¢ considered the area aspect and the tile
aspect of collector design. We need also to mention
the technical problems of construction. As a rough
approximation, if a squarc foot of collector in
Massachusetes will collect and store during one
heating season no more than the equivalent of one
gallon of fuel oil, it is important to build collectors
cheaply. But collectors arc relatively complex
building elements, having in most cases more than
one transparent layer backed by a blackened sur-
face, equipped with passages for air or a liquid to
carry off heat, and heavily back-insulated. The
outer layzrs must be as transparent to solar-cnergy
that works in the winter time, in a latitude where
winter days are short, and especially where many
days are cloudy, finds itsclf in competition for space
with the south-oriented window. The collector puts
away scnsible heat for use ac night or on cloudy
days: the window offers instantaneous encrgy con-
sumption only, but this is consumption accom-
panied by spectacular and psychologically irre-
placeable visual stimulation. It is hard indeed to
make a fair allocation of the available radiation
when intangibles are on one side of the scale.

On the whole this temperate-zone collector de-
sign sitwation, while astimulating challenge to the
architerr, interesting as an exceptional and occa-
stotial sase, would be prohibitively restrictive if it
Lad o be applicd to all constraction in chese
regions, o wounid Tinie weban densities and pus
buikhing design on very dibeule ccomerrin Jisa-

wavelengths as possible, but must remain impervi-
ous to the edge leakage of water and dust through
temperacure gradients of up to 200 degrees F, while
presenting themselves to the elements at highly
vulnerable angles. They must be capable of keeping
these churacteristics for a period of ycars. )

Glass scems to be today’s best material for these
transparent layers, buc it is by no means easy to find
the matcrial and the technique with which to do
the edge sealing cheaply and dependably. Glass
itself is an industrial material, cheap in mass pro-
duction, but it is heavy, fragile, and inflexible. In
transportation it imposes problems of handling to
avoid breakage. Wich prefabrication there is always
the dilemma: whether to put the glass into the
components in the factory under controlled condi-
tions, or to plan this work for less desirable field
operation in order to make transportation more
compact and less hazardous in terms of breakage.

If we are trying to provide for the utilization of
solar energy in arcas of the world where it is incon-
venient or expensive to transport conventional
fucls, the need to use glass may tend to defeat our
objective unless it is plentiful locally or can be
made so. What is the ideal structure and material
for a solar collecror? If-plastics were really cheap,
if they were transparent to solar energy, and if they
would not deteriorate when exposed to ultra-violet
radiation, it is possible to imagine a2 multilayer
structure composed of thin, flexible films cemented
together so as to form air spaces and tubes, a central
layer being pigmented, which would be the com-
plete collector—front and back insulation, black
plate, and fluid transport all in one. This quilt
could ke collapsed and rolled for shipment. Some
day such a structure may be available.
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SOLAR COLLECTOR AT OPTIMUM TILT
AND MANIMUT ARCA

SMALL AREA CAPOIED TO THE WEATHEAR

“HYFOTHETICAL DISPOSITION FOR MAXIMUM
SOLAR HEATING ADYANTAGE "
(SHp -49)

SUSPTIMUM (FOR W INTERD
CaLECTOR NLT

.;’»‘v‘ad”*‘ﬂ'; "
"A COMPROMISE WITH CONVENTION

AND PRACTICALITY OF CONSTRUCTION"
(SHD-49)

EXTEND (OLLECTOR
OUT BEYOND EDGE

SA\OF SHELTER
\

collector size and shelter design

The enormous square footage of the required collector sur-
face (300-1200 ftz) 1s the primary difficulty in the in-
corporation of a solar energy system into the deslign of a

shelter. This page and the first page of this section

show a large number of variations on the same themes:

—minimum exterior surface area per 1inslide volume to
decrease heat lossi

—optimum length-width ratio to take maximum advantage
of the sun (discussed in section two);

—incorporation of the maximum square footage of col-
lector surface possible into the south-facing facade,
trying also to include windows,

The main arguments for including the coilgctors as part of
the shelter's envelope are:

—The 1iving space gains some of the heat from the
back side of the collector. .

—The collector (plus normal roof insulation) make an
excellent insulative exterior_wall/roof. It may have
a U -value of 0.03 Btu/CF/ft2/hr as compared with
0.07 for the usual roof (MIT House IV (WSO - 118)).

~The effective cost of the collector is less if it
uses the structure of the shelter as its foundation
and replaces the expense of what would otherwlse
be a roof. )

The main argumnents against integrating collectors into the
shelter's facade are:

—It imposes a Aifficult architectural constraint: a
large expanse of glass facing south at a certaln angle.

—~Its use may not allow south-facing windows, which may
then result in more windows on the east, west, and
north walls, increasing the heat loss of the shelter.

-—The collector is stationary and cannot change orien-
tation to follow the sun.

—It does not allow natural solar heat gain on the
south exposure of the shelter.

-~ It requires expert construction.

82



tilt angle and shelter design

TILT ANGLE As measuaep From The : \'L,
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heat storage and shelter design

The three primary concerns - size, type, and location - were out-
lined on the pare HEAT STORAGE. The basic informstion for consi-
deration of its incorporation into the shelter 1iss

Chemical salts take up the least space (but are unreliable);
The cost 1s basically in the small, individual containers.

Water 1s a Sheap material. It normally requires about 1500
gal (200 ft7 plus insulatlon and access); the corrosion-re-
sistant tank 1s the main expense and will need replacine.

Crushed rock 1s a cheap material (especially if collected by
hand) and requires no maintenance; the main exvsnse is in
providing the large storage space, two to five times as larsge
as that needed for water.

Pisures 1 and 2 show the most basic forms of collection and
storare and can be incluied as parts of the total system., Fig-
ure 3 charts the relative efficlencies of the three types.

No matter how well insulated it is, the storage tank will

lose heat, If 1t must be exvosed to the exterior of the shelter, massively

insulate that interface. lhe revort of the MIT House IV (Appendix I) showed

that Aurineg January 1760, total solar collection came to 7.4 million Btu, of

which 1.3 m1l11ion was lost from the storare tank - =zood reason for making

sure that 1t 1s within tie livine space, Thls ﬁan be done in many ways, two

of which are shown above, If the storaze’is a water tank, 1t can be rlaced * - —Trossmitied Selar Energy ===~

within a lar-e closet 1n the 11vjnr soace (on a strong floor). Large vol- Qeoﬁa\

ures of rock are another matter, 157 has contained them in large vertical é \\‘k\\“\_ I ]

cylinders within his s:nce. Thomason put them in a crawl space. (Appendix I) ;40 “\::::\\ﬁ9r4FVLhtcm*“r°u
N "

Retter insulatlon of the stora e decreases the need for its placement

3 (sHH - F0)

W0 [ ==t -Tnaidend Solar Energy ----

2 1 NG Pey \_‘
within the livin- s:ace. If the WIT tank had been insulated to the equlva=- 0 T i
leat of two inches o” rolyur~thane (thermal resistance, R, = 15), the heat N ol
loss would have heen lese than half. A followine pace, LONG TERM STORAGE, n L 4 &9 oo M

Alscusses a water tank 27 fent 1nn.- and 20 feet in diameter for collecting

summer heat for winter use. This rossibility should be carefully studied.

Collection Temperature, F

Fig. 3. Calculated efficiency of south facing vertical solar
energy collectors, at Blue Hill, using two glass plates.

days Ia 1600 Blu per sg ft per day. Outdoor losses- a 24 hr: h » hr,
diminished lons 18 hr:c. ¥ hr, no kiss'6 hr

Dee.-Jan. average outdoor temperature. 30F. Rolar snergy on clear 84
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A SEPARATED COLLECTOR

CONSIDERATIONS [N USING

coL

CTOR SEPARATED FROM T E

INITIAL
COST

FUEL
COSTS

DESIGN
VALUES

EXTRA COSTS

concrtructicen of roof or «all o*
tire «helter which coll:ctor wonld
tave revlaced., If cowner-tullt,
fi.ure only the cost of materinls,

foundation and structure for the
se ar~ted collector, the mijor
lrcreased exrense. Cost varles
creatly with ran:e of tre aijust-
Tent »f orlentati-n an? tilt ans-
le. No or little extra cost if
vert of a barn ar shed,

ircreased mecharic?l runs from
collector to storaze: piring, in=-
sul=tion, buryins,

cnllcctor no lon:er loses some
of its heat to the interlor space.

® collector no lonxger adds to the

insulative value of the facade.

thers i1s extrn loss of heat thru
the mechonical runs from tke col-
lector to the shelter.

¢

SAVINGS

les~ recisisn needed for the
franinz of the shelter

construction of collector can be
easier, less water-tight, 1f 1t 1s
not acting as a roof. -

collectors may take on new deslens
if not a part of a shelter's skin
(inflatables, focusing collectors,

etc), resulting in possible savings.

allows solar heat gailn throurh
south-facins windows, walls, and
roofs of the shelter.

ad justable orlentation and tilt
ancle of a separated collector
results in higsher efficliency.

new deslons made vossible by the
seraration from the shelter may
neen hiecher efficiencies.

2llows usual desl.m freedom of
t~e shelter.

collectors could still be a part
of the south-facins facade, but a
smaller part.

the collector can be made larger,
a sevarated collector can be bullt

after (or before) the shélter
1s built.

XAMPLES

1) —>The owner does none of the work to bulld

—nAn adiustable (orientation and tilt
angle) separated collector.

All of the extra costs and extra savings apply
to this situatisn. The flguring of econonmics
is difficult at best but design conciderations
alone may swing the balance to the separated
collector.

2) —>The owner does the work of building
—>an ad justahle separated collector.

The owner flsures economlcs anyway he likes,

but will probably find a separated collector
economlcal if he doesn't firure labor costs.

He may be more inclined to heavily weigh the
ecological considerations of fossil fuel savings
and decreased pollution which result from his
collector's larger heat collection capacity.

3) —* The owner does the work of building
—a collector on the south-facing wall
or roof of a barn or shed or other
auxiliary building.

The costs are similar to building the collector
onto the shelter. The main increased costs sre
the longer mechanlcal runs from the collector
to the shelter, both in their initisal cost and
in their heat losses, The wain savines is in
the solar heat galn of the south-frcine facade
of the shelter, and of course in thre desisn
freedom.
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LONG-TERM STORAGE

H C ¥attel of MIT revorted (RUs - 107) that an analvsis of a sinele dwelling in the
1030's -~r-wed that the collection of summer heat for use during the winter was
unec~n-ov'cal,

«—SPHERE 15 OPTIMUM SHAPE TO
MINIMIZ2E HEAT LOSS

MASSIVELY lN&ULATED,
irnst 3chinholzer, 2n enrineer in Zwitzerlani, looke? at the :rroblem in 1969, but 3ft THICK
on 1 1or-er scale, anl without econnmic anmlysis., Pelow is a summary of his find=-
tn-s (HCW)., Plg rarticular interest i1s in reoducing city pollution durines the win- 4

ter, -*% it would also reduce fos-=il fuels consum: tion. HEAT STORAGE

SECTION THROUGH SPHERE (HCW-38)

A STORAGE CONTAINER

1) Excavate a disc- or hemischere-share
in the earth;

2) Spray 3 feet of foam insulation inside
of the excavation;

3) Pour or spray a thin concrete shell nn
top of the insulation, if necessary,
or Jjust

4) Water-rill a plastic bacv of ar.rorri-
ate size on top of the insulation;

5) Pour or spray a thin concrete shell
over the inflated bag, if necessary,

SINGLE DWELLING

® As:zume traf a 19597 temverature can be attained in
tre storave; bemgin the solar reat collection on
Atril 1 at an 85° storave temgerﬂture ani continue
until October 1, reachins 195 .

® assume thrhat the storace temrerature droys back.to
239 at the end of the heatins seazon (43°0 -hours).

"+ 150" or Just
[ 1<eJ"= a sea<onal heating demand of 40,000,000 Btu f ﬁ 6) Spray 3 feet of foam insulation on
(:IIT House IV used twice this amount, 1nc1uﬂinp . top of the plastic bag;
d~zastic hot water), HEAT STORAGE 7) Cover the insulation with earth (or
- SECTION THROU&H PplSC other) if necessary.

® Use a cvlir<ric-1l water conteiner with a diameter
esual to the helrht and equal to 20 feet (6000 rt3

ani about 48,0005allons of water), COLLECTING’ HEAT
. ® The collectors might have to be more excensive,
IOO APARTMENTS possibly of the focusing type, to attain temcera-
tures of 195°. However, each square foot of col-
@ aX2 the sa=e agsumrtions as abtove: . lector will be saving larger amounts of fuel than
40,000,000 Btu/arartment/season, 4 x 109 Btu : Af it were operated only in the winter.
to*al for 100 apartm=nts;
the storace temperature 1s 959 Arril 1 and ; ® The collectors could operate year-round, not just
135° Cctober 1. in the summer, to furnish heat to the storace tank
even as it was being used to heat. This might
® Use 2 >rliniric~l water continer with 2 Alan~ter result 1n the use of a smaller tank than Schonhol-

t~ tte hei:ht and equal to 75 feet ( 60,000 zer suggested, or instead, domestic hot water could
acout 4, '000,000 xallone of w:iter), be added as rart of the heat load,

® MIT House IV collected 350 Btu/ftZ/day during the
RESULTS winter. It is not unreasonable to ascume that
this figure could double durin~ the summer collec-

Serér alTer corouted that If the heat were not tion. If heat were to be collected onl; in summers,
uszed 3urins tke heatin.; seoson, the temrerature of " collection mirht averace 126,000 Btu/ft~/surrer,

tre =7211 t-ork would dror to 170° ani thet of the To collect 40,000,000 Btu (an avcartment's heatins
lar-e tank would drap to onlvy 135° (for the verlod losd), the collector would have to be about 400
Cctoter 1 to Arril 1). FHe made no econoric analy- far less than normally required. Cnllectnrs

sis but suzgested that the large installstlnn would might be able to be horizontal on flat roofs, 6377
more likely be economical. . instead of tilted. 2



There are many factors involved in the decision of whether or not to
use solar energy for heating and cooling. Not only is there the moral
{ssue of trying to use less fossil fuels and to pollute less in the
heating/cooling process but there is also the economic issue of ob-

taining a reasonable return on the investment of a dollar. There are

countless ways of evaluating ‘'reasonable return' and it is almost im- (RUS'&O4&

possible to here suggest that even a typical example would provide a . ‘~~\*Qa. SOLAﬁmgyERGY . X
justified exploration into its definition, However, there are several 30 égﬁb“ORMDNTAL SURFACE N 3
factors which every accounting system will evaluate and which have \\\ %éi%;z;’fggww—"zsg
been mentioned before: 2.5 /4 700

//
\( - 30
4 .‘@

\

installation cost of the solar system

maintenance cost of the solar system

operating cost of the solar system

savings in house cost and furnace cost

savings in maintenance of furnace

savings in fuel costs

other costs and savings, for example, increased insurance costs,
savings from government incentives on non-polluting devices

X
- 20 /\8%

This thesis shows ways of decreasing the heat loss of buildings,

//
/ \AVERAGE,

1000'S B.T.U. 7 FT2 DAY
2
2, /
Q>
*(\xi -bq
~ .
H \\\ //
’/

14
DAYS
of more advantageously using the gifts of nature to attain thermal /////
AR
comfort, In making the economic evaluation of whether or not to coll- os / ED
/7 &
ect and use solar energy, the effort is usually made to balance in- /
y
creased costs against increased savings, primarily fuel savings, The 0
80 40 20 o] 20 40 (1]
determination of installation, maintenance, and operating costs of - LATITUDE —N—
solar systems is still difficult, varying so greatly with design, lo-
' Fig. 1. Solar incidence on horizontal surfaces, average effect of
cation, and the people involved. But in trying to evaluate fuel sa- latitude and season.
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vlngs: it most simply can be said that if we know how many Btu's are
required by the shelter and how many can be delivered to the shelter
by the solar system, then, by knowing the cost of delivering this
heat in a conventional way by oil, gas, or electricity, we can deter-
mine the fuel savings,

Each building differs in its heating needs, both in the way it is
built and in the way it is used (the same building used differently
will probably have different heating needs). The price of fuel varies
greatly throughoﬁt the country and throughout the world, This section
deals with the issue of climatic variations which affect how much
heat the solar system can collect, The more Btu's that can be collect-
ed and delivered per square foot of collector surface, the greater will
be the fuel savings per square foot of surface (and the higher can be
the per-square-foot cost of the solar collection system),

Most basically, Tybout and Lof (SHE) and others have shown that
cold weather with a lot of sunshine offers the best combination for
economic success, (There are other considerations too such as the
amount of win& and the radiational and ;eflective qualities of the
immediate environment), Of course, as pointed out in INTRODUCTION TO
THE UTILIZATION OF SOLAR ENERGY, a "moderate, fairly uniform, heating
requirement throughout the year” (with a fairly uniform day-to-day, as
opposed to month-to-month, distribution of demand with a fairly uni-
form distribution of sunny days) is the ideal means of utilizing the
solar system to its fullest, but there are no such climates, Figure 1
shows that San Francisco has the most uniform temperature distribution

of the four cities shown, Its cloudy and foggy days may makd the use

Dagres-days for aoch month

'Fuel savings' ought to include more
than just the monetary savings. In
additlon it should include some indi-
catlon of intangible savings such as
lessening pollution, conservation of
fossll fuels, conservation of all the
energy and resources needed to bring
the fuel from the well to the shelter.
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Fig. 106, Annual temperature vanatins for four United States cities.  (From (5.
Weather burcau data) (LUSE -225)
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of solar energy disadvantageous, however, Figure 2 shows that a colle.
ector which can provide heat for 200 DD's (degree-days) per month is
much too large for Miami, provides most of the heat needed in Phoenix,
and is utilized the greatest number of days by San Francisco and
Boston, A collector pfoviding heat for 800 DD's would never be-tuliy
utilized except by Boston, and except for the three coldest months,

it would not be fully utilized there either,

A quick look at Figure 1 is enougﬁ for us to realize that a coll-
ector large enough to provide for 100% of the heating demand will be
utilized only for very short periods of time, Thus it is not enough to
find the peak heating demand for the season and simply build a coll-
ector which is large enough to collect the necessary heat, We must -
find one which will use every square foot to the extent that each
square foot pays for itself in fuel savings,

Dr Paul A Siple, at a Solar Energy Symposium at MIT in 1950, pre~
sented the map shown and described in Figure 5. It 18 shown here at
the risk of its being used to make decisions about whether or not so=
lar energy should be used for heating fn certain parts of the country,
Such has often been: its use, unfortunately, Except where the sun
never shines, it is engineeringly possible (though almost always
economically very impractical) to build a big enough collector and a
big enough storage unit to provide for all of a building's heating
needs, Because of the low demand for heat in the South, where Dr
Siple has shown maximum feasibility, the collectors would be needed
very little, resulting in very small fuel savings and a very poor eco=-

nomic return on the large investment in a solar installation,

Degree-days for each month

Fig. 10.6.
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Weather Burean dala.) Cl USE- 225

2

If an auxiliary heating source ''could
handle the top 10% of the maximum an-
ticipated requirement, it would save
nearly 10% of the cost of the initial
solar Installation and still would on-
ly amount to less than 1% of the en-
tire annual thermal requirement.'
(1USE - 224)
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Peasibility of Solar Heating Systems (SHW)

Region of Maximum Feasibility, compris-

ing Florida, the Gulf and southeastern

coastal plains, Texas, New Mexico, Ari-

zona, southern California and bordering

areas. Here, heat requirements for eve-

nings and the entire cool season can be

supplied by solar radiation collection

devices without elaborate or expensive

engineering. Region of Engineering Feasibility,
comprising the central Atlantic coastal
plains and piedmont, central Mississi-
ppi basin and plains, north central mid-
west and western states, and northern
California. Here, solar radiation can
supply most of the heating needs of
Spring and Fall but will require special
devices and careful engineering design
to assure reliable and economical solar
heating systems.

Region of Minimum Feasibility, compri-
sing northern New England, New York,
Pennsylvania, Virginia, Ohio, Michigan,
Wisconsin, Minnesota, N. Dakota, Mon-
tana, ldaho, Washington and Oregon.
Here, due to prolonged periods of in-
tense cold, heavy cloud cover, and low
angle of sun, solar rediation is en-
tirely inadequate for winter space hea-
ting with present engineering methods.
As supplementary heat source during
late Spring and early Fall, and for
lithosphere (sub-surface) rooms during
summer, however, solar heating offers
definite advantages in fuel economics
and humidity control. In certain areas
even the most elaborate solar heating
systems will require thermal support
from summer heat pump storage systems.
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Figure 4 is a map of average daily insolation values in the US in
Btu/sq ft/ average day, Like the map in Figure 3, it is very mislead-
‘ing, and cannot be used for work with sﬁlar energy heating, The fig-
ures given are for insolation on a horizontal surface (collectors are
at a tilt, usually about an angle from the horizontal of latitude
plus 5 to 25 degrees). Insolation on a horizontal surface varies

greatly from one season to the next; trigonometry would make

maps of average daily insolation for the winter months.useful. " Setir sk Bl wmmoge oy

Fig. 3.1, Distribution of average duily ivn-c(luliuu in the United States from 1 F. Hand

E - 3D

IS, courtesy Heating and Vendilating!.

We can assume that a collector of 45% efficiency can be built
within the continental United States; this has been done by most solar
energy experimenters, After all of the climatic rhetoric regarding

solar energy use has been digested and analyzed, the main criterion The local weather bureau may have this

Information.
for collector performance is how many Btu's of sunshine strike each

square foot of collector surface, Figure 5 is an illustration that
Lawrence Anderson, former Dean of MIT's School of Architecture, used
to show the quantity of sunlight which l:ruck'a given collector, When
the sun is perpendicular to a collector at a tilt angle o!;ﬁ'and at a
northern latitude ﬂ » it is at the same time perpendicular to a hori-
zontal surface at a southern latitude of (f-?’). By finding that
value of insolation, we find the approximate value of insolation on
the collector, (altered of course by increased travel through the at-
mosphere and by local atmospheric conditions such as clouds and smog).

The same value is that of summer insolation on the northern latitude

- o h ontal pl . These values can be found in ''"Monthly
(;'EJ /) n a horizont BARRE Maps of Mean Daily Insolation For the
Once th ssible insolation can be found, it is nece- United States' by lven Bennett in

cx the value of pasal found, SOLAR ENERGY, July-Sept '65; or in
ssary to find out how local conditions of cloudiness and air cleanli- ASHRAE HANDBOOK OF FUNDAMENTALS.
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EFFECT OF  TILT

TILT

NORTHERN "LATITUDE ¢
EQUATOR

Degree days per sunshine hour based on December and January data. The larger the number, as shown
on this map, the more elaborate is the heating system required. By Dr. Maria Telkes.

FROM HEATING AND VENTILATING'S REFERENCE SECTION
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ness (atmospheric transmissivity) affect that which is collectible,
The first designers, in order to determine the length of time for
which it was necessary (and economical) to store heat to get through
sunless days, had to go through agonizing information collecting and
analyzing, Tybout and Lof (SHE) and others have shown the optimum to
lie within a range of overnite (one day) to three days, (Thomason
stores heat five days and longer butr cost figures are not available,
This may not be economically optimal in traditional economic terms
but may be in his). It has thus been found that since an auxiliary
heating system is necessary to get us through a long series of sun-
less days, it is the number of cloudy days (when we cannot collect
heat) versus the number of sunny days (when we can collect heat)
which is of importance in determining how much heat will be collected,

Figure 6 was prepared by F W Hutchinson and W P Chapman at Purdue
in thelr effort to find the heating affect of the sun penetrating
through glass facades of buildings, It shows,'for representative
cities, F, "the ratio of the average number of sunshine hours in the
period from October 1 to May 1 to the ﬁaximum possible sunshine hours
(at the latitude of the city) for the same period.” (RBS)

Dr Maria Telkes has elaborated on this information in Figure 7,
For the months of December and January, the map shows the number of
degree days per sunshine hour, By finding the number of degree days
for a particular locality from the weather bureau (utility companies
also have this information) and dividing it by the corresponding num-
ber on the map in Figure 7. the number of sunshine hours for the

month will be found, Then by finding the amount of sun which strikes

0f course, - If we try to carry the tot-
al heating load with just solar energy,
the number of successive cloudy days
becomes Important in the design of
storage capacity, but such systems are
not now economical.

6

(RBS -113)

Table 1—Values of Usage Ratio, F,
for Representative Cities.

[F is ratio of the average number
of sunshine hours in the period from
October 1 to May 1 to the maximum
possible sunshine hours (at the lati-
tude of the city?) for the same
period.] .

City ’ F

Albany, N. Y. ...........
Alhuquerque, N. M
Atlanta, Ga. ......
Baitimore, Md. ....
Birmingham, Ala. .. ..
Bismarck, N. D00

Boise, Tda. ..... ... . .o i, .
Boston, Mass. ...... ..o 0.540
Burlington, Vt. ............. . 0410
Chattanooga, Tenn. ....... . 0.507
heyenne, Wyo. 0.664
Cleveland, O. ... . 0.408
Columbia, 8. C....... . 051
Concord, N. Hoooooooiviiiien e 0.515
Dallag, TeX. ..ot 0.470
Davenport, Ia. ........ .o iiiaiiien 0.53¢
Denver, Colo. ..., 0.707%
“Detroit, Mich, ....... ..o 0.429
Furene, Ore. ..... ... 0.439
Harrisburg, Pa. .. 0.495
Hartford, Conn. .. ... 0.532
Helena, Mont. ........ Leieitnranane 0.521
Huron, 8. D, .ooiiiiiiii i e 0.579
Indianapolis, ITnd. .......c0iiiinnns 0.507
Jacksonville, Fla. ...t 0.400
Joliet, T ..ot 0.530
Lincoln. Neb. . 0.614

“ittle Rock, Ark...
“ouisville, Ky

Tadison, Wis, ... it 0504
Minneapolis, Minn. .............. .. 0.527
Newark, N. Jo.. ..o 0.550
New Orleans, La. ................. 0.370
Phoenix, Arizona ... 0.590

Tortland, Me. ...
Providence, R. I

Raleigh, N. C....

ReBo, NOVo e e e
Rictmond, Va. ..o

St Louis, Moo L367
<alt Lake City, Utah.......oo0 0. 0.592
san Francisco, Call....o.... .ol 0.615
scattle, Wash, ... 0.340
Topekn, Kans, 0.612
Tulsa, Okla., 0.560
Vicksburg, Miss, ..., 0.447

Wheeling, W. Va........ RN W
Wihmineton, Del,



the collector each sunny hour (as described above), a rough, but
important approximation can be found for the total amount ofldlrect
sunlight which hits the collectdr.

In summary, we have:

depree da on = gunshine hours/month

the number on Telkes®' map
sunshine hours/month x insolation/sunshine hour/sq ft = insolation/
month/sq ft

When we use this method with the information on pages 5, 6, and 7
in the article about MIT House IV, 'Progress in Space Heating with
Solar Energy' (reprinted in the appendices), we find that it gives us
smaller values than what they recorded, Figure 8 reproducés Figure 6
from that article, It shows that considéraple amounts of solar energy
was striking the collector when the temperature of the collector was
not high enough to justify collection of that energy (most of this
energy is diffuse radiation through ciouds which the above method does
not try to include), The values which we find by using the above meth-
od more nearly represent the curve shown as 'solar incidence when so-
lar collector operating',

It has be;n the intention here to suggest a meaﬁs of circumventing
the very valuable and expert work done by engineers in this field in
an effort to give laymen a point from which to begin their explora-
tions, Engineering work of such notables as H C Hottel, B B Woertz,
A Whillier, and others may be necessary for detailed predictions of
collector performance, however, Continued work on such a simplified

analysis will result in progressively better approximations which

might readily be made by laymen,
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graphs.
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See especially '"The Performance of
Flat-Plate Solar-Heat Collectors',
Hottel & Woertz. (PFP)
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The past twenty or thirty years has seen a wide range in
the extent to which different applications of the utili-
zation of solar energy have been implemented, Developing
the engineering feasibility has not been enough of an im-
petus to accomplish wide-spread use of this free source

of energy. G O G Lof, D J Close, and J A Duffie, all three
of whom have been extensively involved in the use of sol-

(ix) If import of knowhow, materials or finished products is required. because of local un-
availability, what taritl and quota restrictions may have to be faced?

The answers to questions of this sort will show, firstly. whether the project has any prospect
of success in the foresceable future and. secondly, the ultimate goals to be fulfilled in engineer-
ing the process.

ar energy, offer the following "Systematic Approach to

Solar Energy Development - The Blueprint" (Reprinted from

PFS - 247-9)

A SYSTEMATIC APPROACH TO SOLAR ENERGY DEVELOPMENT
THE BLUEPRINT '

We believe that the following (idealized) procedure will be advantageous where the object of
the project is ultiinately the provisicn of a useful system or process to meet an energy need. These
steps are not all sequential: they can be taken in parallel (in part) and with “feedback™ from one
to another. (It is also recognized that in many cases studies will be carried out for scientific
curiosity and need no final usefulness as justification.) -

First step—determination of needs

This step, which is one of the most important of the whole study, determines the need which
the final developed process is to fill. The term need is used inits broudc§l sense gnd covers the
social, politicul and economic requirements which the process must satisly if it is finully to be
a marketable concept. i ]

- The following questions ure typical of those which must be answered in studies Ieadn{\g to
a reliable appraisal of needs. The list is not intended to be complete. other questions requiring
answers in particular circumstances.

(i) Should the facility be individual family size. or community size with distribution of
heat, power, water, ice or other product? o

(i) Must its operation be automatic, or will the user be prepared to take some part in its
control? )

(iii) Might the facility cause changes in the life patterns of all or part of the community,
so that either it is initially accepted and then rejected? Does it produce desirable or
undesirable side ellects such as sccondary industry, or unemployment?

(lv) What are the meteorotogical conditions?

(v) If comparable service is being provided by an existing facility employing a conven-
tional cnergy source. what advantages tind disadvantages) will there be by virtue of
substituting the solar energy supply? What are the alternatives to solar ¢nergy, in the
location in guestion”?

(vi) What are the possibilities of interest by manufacturers ti.e., what is the profit potential)
in undertaking production and sale of solar equipment”?

(vit) What proportion of their income will a community or an individual pay for such a
facility?

tviii) What are the possibilities of subsidies from government and other sources during
early stages of commercialization? :

Second step = broad choice of the process

To any engincering problem. there are usually several solutions. The task set in this step
is to sift the possible Solotions and determine. on the basis of existing information, the most
promising from the standpoint of technical workabitity. (Economics are usually associated with
technical factors, but economic analvsis is listed here as a separate step.) Taking the example
of solar refrigeration, the choice of possible solar processes ranges from vapor compressors
driven by a solar clectric generator, to intermittent absorption cycles. There will also be alter-
natives operated from other energy resources. .

Third step —preliminary economic analysis

Through use of available and cost data on materials. fabrication methods, transport, in-
stallation, profits and other pertinent information. initial investment costs and operating ex-
penses are estimated for the feasible processes identified in Step 2. These are compared with
the requirements established in Step 1, and a decision to continue or abandoun the development
is made. Through each of the following steps. the cost study is refined as more information
becomes availuble. further decisions being based on the revised figures.

Fourth step — establishment of a theoretical busis

Generally, a certain amount of scientific and engineering knowledge. either not in existence
or not_yet applied to the particular process, will be requircd. The ppssession of this knowledge
enables mathematical models of: the process to be made. and the studies performed with the
models greatly simplify the prototype design. The availability of computers has shortened
and simplified this step, owing to the enormous amount of information which can be processed
inavery short time. * .

Fifth step — prototype design and testing

The purpose of the prototype is twofold. Firstly. it checks the validity of the theoretical
studies and. secondly. it provides a vehicle for further development. the final result of which
is the “finished” product. Thus the prototype establishes the context in which further work is
dqn::l. This means that it must be designed with the final economic and social requirements in
mind. .

Sixth step —development

This involves the transformation of the prototype design into a marketable item, and may
involve procedures as different as, on the one hand. the complete redesign of a heat exchanger
and. on the other, the enclosing of working parts in an attractive and functional housing. This
step !'vrvcs‘ the prototype into a form which satisfied the requirements as found in Step 1.

Field testing is part of this step. and evaluates the effects of imponderables (such as dust
buildup on glass or plastics. damuge caused by animals. etc). The objective of field testing
is to put the developer into the position of being able to guarantee system petformance over an
extended period of time.

Seventh step — marketing
This step is the “acid test” of the whole project. If the needs were correctly established by

. Step 1, and if the development in Step 6 adequately fulfilled these needs, then the marketing

should be successful. If the real needs have not been met, it may not be successful.
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$10/yr. on recycled paper,

viron a a

nvironmental Awareness Associactes,
6355 Topangza Canyon, Suite 327,
Woodland Hills, Ca, 91264, Four/yr
and 14 newsletters, $6.50 now,
$10,70 later.

%sgns Pxeservation Mazazipe
Jackson Place NW, Washington
DC 20006,

Livins Wilderness Wilderness
Society, 15th St, NW,
Washington DC 20005, quarterly.

Wildlife National Wild-

1ife Federation, 381 West Center
St., Marion, Ohio 43302, bimonthly,
$5/yr.

Oceaps 1150 Anchorage Lane, San
Diego, Ca, 92106, bimonthly,
$12,00/yr.

Ranger Ricks Nature Mazazine
National Wildlife Federartion,
381 West Center St,, Marion,
Ohio 43302, ten a year, $6,00/yr,

Sierra Club Bulletin 1050 Mills

Tower, San Francisco 94104,
monthly, membership dues $12,00/yr.
non-member subscription $5/yr.

.gmdxﬁ; Maxazipne Menlo Park, Ca,
4 ., monthly, SS/yr.
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"Biodegradation of Waste Plastics”

V.R, Srinivasan, TECHNOLOGY REVIEW

May *72, Vol, 74 #6, pp, 45-47.

Deals mainly with synthetic polymers --
and facts about petroleum consumption,

*Can We Recycle Cars?” Howard S.

Cannon, TECHNOLOGY REVIEW, May '72,

Vol, 74 #6, pp. 40-46

e~ Chart of municipal solid waste
content

«« Problems with separation,
collection

== Prices per 1b,

»*Cell in Every Home?" TIME 97:51
May 31, *71, Fuel Cells,

*A Clean New Gas” Heinrich Bohn,
ENVIRONMENT 13¢4-9, Dec '71
Methane Gas,

COMPOSTING Harold B. Gotaas,
American Public Health Asso-
ciation, 1740 Broadway, NYC
10019, 205 pp., $5.00

COMPOSTING -- EUROPEAN ACTIVITY
AND AMERICAN POTENTIAL i

THE CONSUMER®S HANDBOOK OF BETTER
LIVING Award Books, NYC., 1970,

"The Conversion of Energy” Claude
M. Surmers, SCIENTIFIC AMERICAN,
Vol, 224, #3, Sepr. '71, 149-50,

*The Dynamics of Solid Waste" Jérgen
Randers, Dennis Meadows, TECHNOLOGY
REVIEW, Mar/Apr '72, pp. 20-32,

THE ECOLOGICAL BAS1S POR LARD-
USE PLANNING G. A, Hills, 1961

ECOLOGICAL TECHNOLOGY,
Symposium on Ecological Tech-
nology: Space, Earth, Sea
Smithsonian Institution,
Washington DC, 1966, 300 pp.

ECOTACTICS: THE SIERRA CLUB
HANDBOOK FOR ENVIRONMENT
ACTIVISTS

*Energy”

*The Refuse~Fueled Power Station’
‘Let Us Have Less Light'

‘Must We Lionize the Over-

apecific environmental/ecolorical problems end solutions

developed?’
TECHNOLOGY REVIEW, May '72,
pp. 62-3,

ENERGY TECHNOLOGY TO THE YEAR

2000 A Special Symposium by

TECHNOLOGY REVIEW, MIT,,

Cambridge, Mass., 1971 and 1972

I. gNERGY TECHNOLOGY TO THE YEAR
000

11. ENERGY AND POLLUTION

111, ENERGY SOURCES AND USES

ENVIRONMENTAL SOLUTIONS Nicholas
Pole, Eco-Publications, 6
Cavendish Av,, Cambridge,
England, 60 pence., Reviewed:
ECOLOGIST, May °72, Vol, 2 #5

EVERYMAN'S GUIDE TO ECOLOGICAL
LIVING Greg cailliet, Paulette
Setrer, Milton Love, MacMillan
Co., NY, 1971

EXZRETA DISPOSAL FOR RURAL AREAS AND
SMALL COMMUNITIES E., G, Wagner,
American Public Health Association,
1748°Brondway. NYC 10019, 1958, 187 pp..
$5.00,

*"How to Reclaim Goods from Wastes”
David Wilson, Ora Smith, TECHNOLOGY
REVIEW, May °'72, Vol. 74 #6, pp. 31=9,

INNOVATION IN NEW COMMUNITIES Brown
Miller, Neil Pinney, William Sanslow,
MIT report #23, MIT Press '72,

Lists (catalogi of systems of
transportation, communication, waste~
energy,

*Lirttle Black Box, Power without
Pollution?” SCIENCE DIGEST, 70"18,
J1 *71, Fuel Cells,

"NASA Studies Plan to Orbit Radio-
Actives” THE TECH, Vol, 92, #8,
3 Mar '72l P. 1 & S-

“New Source of Power gets down to
Earth; Cell Fueled by Natural Gas"
BUSINESS WEEK, 152 -3+, S, 28 ‘68,

NEW SOURCES OF ENERGY AND ENERGY
DEVELOPMENT M., S. Thakker, United
Nations Gen/15,

“Optimizing the Operation of Israel’s
Water System" Uri Shamir, TECHNOLOGY
REVIEW, July °72, pp. 41-48,

"Plastic Decay"® Allen Jones,
ECOLOGIST, Apr '71, Vol, 1 #10,

PROCEEDINGS OF THE UNITED NATIONS
CONFERENCE ON NEW SOURCES OF
ENERGY, Vols, 1-7, Sales Section,
UN, NYC 10017, ‘64,

Technical informatrion on wind,
solar, geothermal energy utili-
zation, :

$2,50 Vol, 1 General sessions
$5.00 Vol, 2 Geothermal

$5.50 Vol. 3 Geothermal

$7.50 Vol, 4 Solar Energy
$4,50 Vol, 5 Solar Enersxy
$5.00 Vol, g Solar Enerxy

$3.50 Vol, Wind Power
“Search for Pollution-free Fuel"”
US NEWS, 71:62-4, J1 S5, °71,

TOTAL ENERGY R. M. E. Diamant,
Vol, 6 in the International Series
in Heating, Ventilation and
Refrigeration ed, by N, S,
Billington and E. Ower, NY:
Pergamon Press '70, 429 pp,

TOTAL ENERGY Educational Facili-
ties Lab,, NYC,, 1967, 53 pp.

“Total Energy: Systems and Com-

ponents” Stefan L, Geiringer,
CHITECTURAL AND.ENGINEERING

§2W§. Vol, 11 #10, Oct, '69,

"Total Energy -« The Gas Indus-
try’s Newest Weapon in the
Battle of the Fuels”™ Michael
Baybak, HOUSE AND HOME, Vol,
XX1X, #10, Oct °66

THE USER’S GUIDE TO THE PROTECTION OF
THE ENVIRONMENT Paul Swatek, Ballantine
Books Inc,, 101 Fifth Ave,, NYC 10003,
312 pp., 1970,

VILLAGE TECHNOLOGY HANDBOOK VITA,

College Campus, Schenectady, NY,
1970, 387 pp., $7.00 pd
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WATER SUPPLY FOR RURAL AREAS AND
SMALL COMMUNITIES E. G, Wagner,
American Public Health Association,
1740 Broadw-y. NYC 10019, 1959,
340 pp., $6.75 pd

"What We Do With Rubbish” Walter
Niessen, TECHNOLOGY REVIEW, Mar/Apr
'vol, 74 #5, pp. 10-14,

Pexiodicals

Jerome Goldstein ed,
Rodale Press, 33 E, Miror St,, Emmaus,
Pa 18049, monthly, $6,00/yr,

ifig igth St., NW wnnhington DC igsf

monthly, $5.00/yr. members, $7.00/yr.
non-members

2l desien apd sorer—ciion of shelters

“The Absolutely Constant irccntestably
Srable Architectural Value Scale® Malcolm
Wells PROGRESSIVE ARCHLITECTURE March '71
pp. 92-97

AIR CONDITIONING AND REFRIGERATION
‘William H Severns, Julian R Fellows, John
Wilev and Sons Ine., NYC Cl958, 1966, 520
pp. 51.95

AﬁCHITECTURAL ENVIRONMENT AND OUR MENTAL
HEALTH Clifford B Moller, Horizon Press
NYC 1968

ARCHITECTURAL RESEARCH ON STRUCTURAL PO-
TENTIAL OF FOAM PLASTICS FOR HOUSING IN
UNDERDEVELOPED AREAS Architectural Resear-
ch Lab, Publication Distribution Service
U, of Mich, 615 E University, Ann Arbor
48106, 1966, 224 pp,, $S5+postage,

ARCHITECTURE WITHOUT ARCHITECTS Bernard
Rudolfsky, Doubleday & Co, Garden City
NJ 11531, 1964, 160 pp,, $4.50 pd

Modern Materials, Advances in Develop-
ment and Applications

Moderp Mecals

Modern Plastics Fulfillment
Manager, P.O.Box 430, Hightstown,
N.J, 08520, monthly, $10/yr.

American Assoclation for
tho Advancement of Sctqneo. 1515
Mass, Av, NW, Washington DC 20005,
weekly, $12/yr,

Science National Wildlife
Federation, 231 West Center St,,
Marion, Ohio 43303, monthly,
$7.50/yx,

Sclentific American, 415 Madison
Av,, NYC., monthly

Iechnolosy Beview, MIT.,
Cambridge, Mass,

ARCOLOGY: THE CITY IN THE IMAGE OF MAN
Paclo Soleri, MIT Press, Cambridge, Mass,

"Arcology of Paolo Soleri”™ S Moholy-Nagy
ARCHITECTURAL FORUM, 132:70-5, My 70

BIBLIOGRAPHY OF WEATHER AND ARCHITECTURE
John & M Joan Griffiths, Environmental
Data Service, US Dept of Commerce, ESSA-
Tech Memorandum EDSTMG, Silver Spring, Md
Apr '69, 72 pp.

BUILDING WITH NATURE Richard Neutra, New
L York, Universe Books, 1971, 233 pp.,5$18,50

"4 111 for less EZnerev, Better Archi=-
tectural Ideas” Jane Holtz nav, Boston
Sunday Globe, Aug 6 '72, p, 50-A,

CLIMATE AND ARCHITECTURE Jeffrey Ellis
Aronin, a Progressive Architecture Book,
Reinhold Publ Corp., NYC, c, 1953, 304 pp,.

THE CLIMATE NEAR THE GROUND Rudolf Geiger
Harvard U Press, Cambridge, Mass,

A detailed, technical analysis of micro-

climate, extensive but not directly rela-
ted to design of shelters

CLIMATES OF THE STATES US Gov't Printing
Office, Division of Public Documents,
Washington DC 20402, 25¢/state.

CLIMATIC ATLAS OF THE US

DESIGN FOR THE REAL WORLD Victor Papanek
Pantheon Books (Random House) NYC, 1971,
339 pp., $7.95.

Looks like a good book = good attitude =
heavy on industrial design

DESIGN WITH CLIMATE Victor Olgyay Prince-
ton U Press, Princeton, NJ, 1963

A must for anyone interested in designing
with energy

103



DESIGN WITH NATURE lan L McHarg Doubleday
& Co, Inc, Garden City, NJ '71

A beautiful, sensitive book - an attitude
builder '

“"Designer in the Desert” W Karp, HORIZON
12:30-9, Autumn ‘70
Soleri's desert structures

"Designing for Survival® Colin Moorcraft
ARCHITECTURAL DESIGN, July '72, XLll:4lé4-
421

DOMEBOOK 11, Pacific Domes, Box 219,
Bolinas Cal 94924, 1971, 128 pp., $4.20 pd
A 52000 solar house, Essential for anyone
into geodesics, Instruction manual, geo=-
metry, model making, construction, Expla-
nations & instructions on making jigs,
jointing techniques, ferro cement ‘struct-
ures, polyurethane foam, wind powered gen-
erators, solar energy bldgs, etc,

"The Earth”™ April '67 issue of PROGRESSIVE
ARCHITECTURE
Using the earth in building design

"An Ecologically Sound Architecture is
Possible™ Malcolm Wells ARCHITECTURAL
DESIGN, 7/72, 433=434,

ENVIRONMENTAL TECHNOLOGIES IN ARCHITEC-
TURE Bertram York Kinzey Jr & Howard M
Sharp, Prentice-Hall, Englewood Cliffs,NJ
1963, 788 pp.

Very complete on mechanical systems but
little on solar heating

"Experimental Cooling-Heating System"
Clarence A Mills ARCHITECTURAL FORUM, Nov
1950, pp. 127=131

Using reflective interior surfaces to
keep heat in, to act as radiators

“Foamed Plastic Plans Work as Forms, In-
sulation, and Ceiline™ ARCHITZCTURAL RE-
CORZ, 133:1735-8, Mr c&

GEODESICS Edward Popko, U of Detroit
Press, 4001 W McNichols Rd, Dertroirct,
Mich 48221, 1968, 124 pp,, $4.00 pd.

GROWTH AND FORM d‘'Arcy Thompson

HANDBOOK OF AIR CONDITIONING SYSTEM DE-
SIGN Carrier Corp, McGraw-Hill Co, NYC
'65.

About cooling only

HEATING AND VENTILATING ENGINEERING DATA
BOOK American Society 6f Heatingz, Refri-
merating, Air Conditioning Engineers, 1948
thermal values for dirt, stone, hair,
‘thatch

HEATING HANDBOOK A MANUAL OF STANDARDS,
CODES, AND METHODS Robert Emerik, McGraw-
Hill Book Co,, NYC '64, 522 pp.

HOUSE BEAUTIFUL CLIMATE CONTROL GUIDE

"Houses of Rigid Foam” CHEMICAL 41:30-1,
0 '68

"How You'll Make Your Own Electricity in
Tomorrow's All-Gas Home"” J R Free POPULAR
SCIENCE 199:46-47, Ag ‘71

JAPANESE HOMES AND THEIR SURROUNDINGS
Edward Morse, Dover Fublications Inc

180 Varick St, NYC 10014, 1806, 1961,
372 pp, $2.50 pd

THE JAFANZISE HOUSE - A TRADITICON FOR CON=-

TIWACRARY ARTHITIITURE UYanrirh Tneal

Charles Tit<la o, lnc,Rutland U=t (3771,

1964, 495 pp., 525.50 pd

"Life Support Systems"™ PROGRESSIVE
ARTHITECT '2E Ot '71

Ramifications of energy crisis on building
desgign

THE LOG CABIN IN AMERIZA T A Weslager
Rureers U rress,New Brunswick, NJ,,1969,
322 pp.

Beautiful history; great historical pice
tures, including some tools and building
methods

"A Matter of Dec<ien” Richard G Stein
ENVIZCIIZYT, Czt '72, p, 17 £

Good methords of reducing energy consump=-
tion of buildings

"Metals Review" Whole Issue PROGRESSIVE
ARCHITECTURZ, Oct '69,
Ahout steel, copper, lead, aluminum

NATURAL PF2IYCIPLES OF LAND USE Edward H
Graham, Owfor< University Press, 1944

THE NATURE AND AT OF WORKMANSHIP David

Pve, Van “ostrand Reinhold Co, NYC, 1965
95 pp.

Interesting philosophical discussion of

workmanship

NEW SIIENIE OF STRONZ MATERIALS J E Gor-
don, Walker & Co, 770 Fifrh Av, NYC 10019
1968, 289 1., 36,50 '

OUTLAW BUILDING NEWS Making a place in
the countrv, Farallones Desizns, Star
Route, Point Reyes Station, Ca 94956
Spring '72,

OWNER=BU'ILT HOME Ken Kern Sierra Houte
Oakhurst tal 93644, 1961, $5.00, 300 pp,

“Paole Soleri, Genius" J Harithas,
VOGUE, |5A19h-7, Aug 1 *70

PLASTICS FUR ARCHITECTS AND BUILDERS
Albert G H Nierz, MIT Press, 9 aAmes St,,
Cambridae, Mass 02142, 1969, 129 pp,
$7.95 pd

PLASTIZS IN BUILDING Irving Skeist EA4,
Van Nostrand-Heinhnold, 450 E, 33rd Sr,,
NYC 10601, 1916, 466 pp,, S$20,.r0 pd

PLASTICS IN THE MODERN WORLD E G Couzens
V E Yarsley, Pelican Books, 7110 Amba-
ssador Rd4,, Baltimore, Md 21207, 1941,
19556, 1968, 386 pp., $1.65

"Putting Fly Ash to Work" COAL AGE, Feb '7.

"A Rational Basis for Solar Heating Ana-
lysis" F W Hutchinson, W P Chapgman, re-
print: ASHAE Journal Section, EEATING,
PIPING AND ALIR COKDITICNING, July ‘46
pp. 109-117,

The effects of solar radiation rthr-oueh
windows

"The Self-Heating, Self-Coolinsz House"
Wendell Thomas, THE MOTHER EAXTY LEIAS
Issue  No 10, pp, 76=79

SHELTER AND SOCIETY Paul Oliver ed,
Frederick Praeger, 111 4th Av, NYZ 10003,
1969, 169 pp,, $10,00 pd

"Small House Heating System Employs Doors
and Rooms as Valves and Ducts for effi-

‘cient Circulation of Warm Air" ARCHITECT-

URAL FORUM, Mar '47, pp. 120-121

“Smart but not Wise" Lloyd Kahn, Shelter
Pugéica:i??;. P O Box 279, Bolinas, Ca
» &

SOIL-CEMENT- ITS USE IN BUILDING United
Rations Sales Section, NYC 10017, 1964,

85 pp., $1.50 i
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"The Solar House®” F W Hutchinson, HEATING
AND VENTILATING, March '47, pp. 55-9,

The effects of solar radiation through
windows

*The Solar Housé: Analysis and Research”
F W Hutchinson, reprinted for Libby-Owens
=Ford Glass Co,) from PROGRESSIVE ARCHI-
TECTURE, May ‘47,

The effects of solar radiation through
windows

"Solar Radiation As Related to Summer
Cooling and Winter Radiation in Residences”
Henry Niccols Wright, a preliminary.

study for John B Pierce Foundation, 40 W,
%0th'St, NYC, Jan 20, °*36,

“Space Heating Energy Conservation"” D G
Stephanson, CANADIAN BUILDING DIGEST
#CBD 142, Nat'l Research Council of Cana=-
da, Ottowa, Oct '71, 4 pp.

STANDARD HANDBOOK FOR MECHANICAL ENGIN=-
EERS Baumeister and Marks, eds,, 7th ed.
McGraw-Hill, NYC,, '67.

"The Temperate House" Olgyay, ARCHITECT-
URAL FORUM, Mar 51, pp 179-194,
Climate control

TIME SAVERS STANDARDS John Hancock
Callendar, ed, 4th edition, McGraw-Hill
Co, NYC,, — 1966, 1300 pp. .

direct use of the sun's eneray

APPLIED SOLAR ENERGY RESEARCH, A Directory
of Horld Acrivity and bibliosraphy of sig-
nificanr lirerarure, Associat:un for App-
lied Solar Znerey, E, J. Eurda, e4,,
Stanfors PResearch Institute, Zalif, 1955

ARCHITECTURE AND T.IE SUN, An international
survey of sun protection methods, Ernst
Danz, Thames & Hdudson, London, 39,00,'67,
150 pp,

SUN PPOTECTION -Same book, published by
Praeger Publishers, Y2,

THE COMING AGE OF SOLAR EMERGY Daniel S
Halacy Jr., Harper & Row, NY,, Evanston
& London, 1964

THE WEATHER CONDITIONED HOUSE Groff
Conklin, Reinhold Publ, Corp., NY, 1958

THE WILDERNESS CABIN Calvin Rutstrum,
Macmillan, NY., 1961, 169 pp., $5.95

"A general gitide to log and frame cabins,
locations, land for back taxes, water
supply, sewage disposal, fireplaces,
Franklin stoves, auxiliary structures,
building tools, food caches and living in
a cabin, Well illustrated by Les Kouba"

WINDMILLS AND WATERMILLS John Reynolds
Praeger Publishers, Inc,, 111 Fourth St,,
NYC 10003, 196 pp., $13.95

Covers extensively architecture of wind-
and watermills, reference and inspiration
rather than construction manual

WINDOWS AND GLASS IN THE EXTERIOR OF
BUILDINGS Building Research Institute

P OB 478, National Academy of Sciences
Washington DC, 1957, 176 pp.

YOUR ENGINEERED HOUSE Rex Roberts, M,
Evans & Co., NY,, '64, 237 pp. $8,95 pd
from J P Lippincott Co,, E Washington St,
Phila, Pa. 19105

ZOME PRIMER Steve Baer, $3.00, 35 pp.
"Baer's zomes can be stretched, shrunk,
clustered like socap bubbles or packed
several deep, Gives the math of how it's
done, "

YA Design Approach for Application of a
Solar Energy Heating 3ystem to a Geo-
desic Structure" Dept of Design, Southe
ern Illinois U, "71,

“Design of a new Solar-Heated louse Using
Double=Exposure Flat-Placte Collectors”

H H 3afwar, A F Souka, SOLAR ENERGY, Vol,
13, No 1, Apr '70, pp, 105-119,

DIRECT USZ OF THZ SUN'3 E!IZRGY Ferrington

Daniels, Yale " Press, 149 York St,, New

Haven Conn, 066511, 1964, 374 pp., $10 pd

"Economic Feasibility Reached in Solar
Home"” SUN AT WORK magazine, First Quart-
er, 1960, pp. 6,7.

al Desisn The Standard Catalogue
Co Ltd,, Bloomsbury Way, London WC 1A
monthly, $15,00 +2,40 postage/yr
$9.60 + 2,40 postage/yr,

Architectural Forum monthly
Acchitectural Elsn:d monthly

Canadian Buildinx Digest Division of
Building Research, National Research Coun-
c¢il of Canada, Ottawa 7,

EBopular Science
Broszressive Architecture monthly

"Engineerineg & Economic Problems in the
Production of Electric Power from Solar
Energy" Georgze O G Lof, Vol IV, Mono=
graph No 1, World Power Conf, Rio de
Janeiro, '54

"Experience wirh Solar Houses" Yarry
Thomason, SCLAR ZRERGY, Vol 10 #l, Jan-
Mar '66, pp, 17-22

"French Switch on to Sun Power" BUSINESS
WEZK, p. 126+, My 9 *70, =

"Future lses of Solar Energy" Dr Maria
Telkes, TECH ENGINEERING NEWS, May '52,
pp. 12, 13, 40, Reprint from BULLETIN OF
ATOMIC SCIENTISTS Vol II, No 7-8, Aug 'S5l
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"Gains Cited in Thin-Film Solar-Cell
Efforts” P J Klass, AVIATION WEEK, A9
T4+, Ag 16, '68

HANDBOCK OF FUNDAMENTALS (HEATING REFRIG-

ERATING VENTILATING AND AIR CONZITIONING)

Published by American Socliety of Heating,

Refrigerating, and Air Conditioninz Engin-
esrs, 345 E &47th St,,NYL 10017, 1967,

530 pp.

“Heat from the Sun" ARCHITECTURAL FORUM
Jan '55, Vol 104 #1, p. 148-9

"Heating by Sunpower: A Progress ﬁeport“
A L Hesselschwerdt, Jr, HEATING A:D AIR
CONDITIONING CONTRACTOR, Oct '56, p &44ff,

"The House That Stores the Sun" Richard
F Dempewolff, POPULAR MECHANICS Oct '57,
Vol 108, #4, pp, 158 ff,

About MIT House

“Hygienic Clean Winter Space Heating with
Solar and Hydroelectric Energy Accumulated
during the Surmer and stored in Insulated
Reservoirs™ Ernst Schinholzer, SOLAR
ENERGY, Vol 12 #3, pp. 379-385, May '69

INTRODUCTION TO THE UTILIZATION OF SOLAR
ENERGY, ed by A M Zarem and Duane D Erway
McGraw-Hill 1963, NYC, 398 pp,

"Monthly Maps of Mean Daily Insolation

for the United States"” Iven Bennett, SOLAR
EI;ERGY, Vol IX #3, July-Sept '65, pp.l45-
158

“"New Solar Home Design Incorporates Air
Conditioning™ SUN AT WORK, Third Quarter,
1961, pp. 20, 21,

"On Future Power from the Sun" CHEMICAL
43:25, Mar '70,

"Performance of a Flat-Plate Solar Colkl-
ector” R X Bhardwaj, B K Gupta, R Prakash
SOLAR ENERGY Vol 11 #3 & 4, July-Dec '67,
pp. 160-162

"The Performance of Flat-Plate Solar-Heat
Collectors™ = C Hottel end B B Woertz,
TRANSCACTIONS of the ASHVE, Feb '42, pp.
91-104,

"A Philosophy for Solar Energy Develop-
ment™ G O 5 Lof, D J Close and J A Duffie
SOLAR ENERSGY Vol 12 #2, Dec. "68, pp.
243-250,

“The Possibiliries of Solar Energy” The
President's Matrerial’s Policy Commission,
RESOURCES FOR FREEDOM, Vol,1V, THE PROMISE
?SS;ECHNOLOG‘I. Chap, 15, Washington, June

"Power from the Suni Its Future” P E
Glaser, SCIENCE 162:1857-51, Nov 22,'68

-"Prh-u:ipleu of Solar House Design”
Austin Whillier, PROGRESSIVE ARCHITECTURE
May '55, pp. 122-126

"Progress in Space Heating with Solar
Energy” C D Engebretson, N G Ashar,
ASME Pper No 60-WA-88, 29 W,(39cth St NYC
Dec, '60, 8pp.

"Residential Uses of Solar Energy” H C
Hottel, Publication No 60, Godfrey L
Cabot Solar Energy Conversion Research
Project, MIT, Cambridge, Mass, in Fro-
ceedings of the WORLD SYMPOSIUM ON
APPLIED SOLAR ENERGY, Phoenix, Ariz, 1955

"Roundup: Recent Solar Heating Installa-
tions™ PROGRESSIVE ARCHITECTURE, Mar '59

"The Search for Tomorrow's Power" Kenneth
Weaver and Emory Kristoff, NATIONAL GEO-
GRAPHIC, Nov '72, Vol 142 #5

"Solar and Atomic Energy"™ STUDIES IN BUS-
INESS AND ECONOMICS Vol 12, #4, Mar '49,
U of Marvland, College Park, Md,

Bi1Rdn

STLAR TEETSTR O RUILDIME DESICH B
! i N N 1 L "

Si—:oflum - fapers in sehe Z“enTh en COStS,
(sla7ing vs, “eatine, cooling)

SOLAR ENERGY Rau Hans Macmillan, NY, 1964
171 pp.

"Solar Energy and Its Use for Heating
Water in California"™ F A Brooks, Bulletin
602, Nov 1932, U of Cal atr Berkeley

"Solar Energy Collection and Its Utiliza-
tion for House Heating" Austin Whillier,
ScD Thesis, MIT '53,

SOLAR ENERGY RESEARCH ed. by Farrington
Daniels, John Duffie, U of Wisconsin
Press, Madison '61, 290 pp,

"Solar Energy Researchers Trap a New Way
to Produce Electricity” BUSINESS WEEK June
12 *71, p.72

“Solar Energy: The Largest Resource” Allen
L Hammond, SCIENCE, Vol 177, 22 Sept '71,
Pp. 1088-90 :

Summary of solar possibilities

SOLAR ENERGY UTILIZATION Carol Sterkin
Calif Inst of Tech, Pasadena, 1971
A Bibliography

"Solar Heatr Test Structure at MIT" F N
Hollingsworth, HEATING AND VENTILATING
May ‘47, pp.76,77

*"Solar-Heated House Uses 3/4 hp For Air
Conditioning” ASHRAE JOURNAL, Nov °*62,
pp. 58-62

"Solar Heating Design Problems” Lawrence
Anderson, Hoyt Hottel, Austin Whillier
SOLAR ENERGY RESEARCH, U of Wisconsin
Press, Madison, 1961, 290 pp,

“Solar Heating for Hauusi" Aladar Olgyay,
Dr. Maria Telkes, PROGRESSIVE ARCHITECTURE
Mar '59, p. 195-203

“Solar Heating of Houses by Vertical Wall
Storage Panels” A G H Dietz, Edmund L
Czapek, reprint ASHVE Journal Sectionm,
HEATING, PIPING AND AIR CONDITIONING
About MIT Solar "House" 11

SPACE HEATING WITH SOLAR ENERGY Proceed-
ings of a course-symposium at MIT Aug 20-
26 '50, Space Heating Committee, Cabot
'Solar Energy Research, ed, by Richard
Hamilton, MIT Press, 1954, 161 pp.

"The Solar House" Phoenix Ass of Home
Builders THE SUN AT WORK, Association for
Applied Solar Energy

“Solar House Heating" Richard A Tybout,
George O G Lof, NATURAL RESOURCES JOURNAL
U of N Mexico School of Law, Vol 10 #2,
Apr '70

"Solar House Heating - A Problem of Stor-
age” Maria Telkes, reprint from HEATING
AND VENTILATION, May °47, Publication #19,
MIT Solar Energy Conversion Project

SOLAR HOUSES AND SOLAR HOUSE MODELS
Harry E Thomason, from Edmund Scientific
Co,, 10] E. Gloucester Pike, Barrington,
KJ 08007, 36 pp.,$1.00
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“Solar Space Heating and Air Conditioning
in the Thomason Home®” SOLAR ENERGY JOURNAL

Vol 4 $#4, Oct 1960. PP. 11-19

"Solar Space Heatring, Water Heating,
Cooling in the Thomason Home" paper No

E/Conf, 35/S/3, 6 May 1961, UNITED NATIONS

CONFERENCE On New Sources of Energy
(paper presentred in Rome, Italy August
21-31, 1961).

“Space Heating with Solar Energy” Maria
Telkes, THE SCIENTIFIC MONTHLY Vol LXIX
#6, Dec '49

Based on an address presented at UN
Scientific Conf on the Consumption and
Utilization of Resources, Lake Success,
NY., Aug 17-Sept 6 ‘49

"Sun-heatred Ski Lodge Slit Into Mountain
Slope™ Paul Jacques Grillo, INTERIORS
Jan '51, pp. 114-115

"Sun Power in the Pyrenees” TIME 95:
52-5, My 18, '70

e - ]

BALL BLUE BOOK on canning, Ball Bros, Co.
Inc,, Muncie, Indiana, 1966, 100 pp.,
35¢ pd

THE BASIC BOOK OF ORGANIC GARDENING
Robert Rodale ed,, Ballantine Books,
Inc., 1971, 377 pp., $1.25 pd

BEGINNER'S GUIDE TO HYDROPONICS Jane
Sholto Dousglas, Pelham, England,
2,25, Domestic applications of
soilless culture.

BUILD YOUR OWN FURNITURE R, J. De
Cristoforo, Harper and Row, 49 E,
33rd St,, NYC 10016, 1965, 176 pp.,
$2.50 pd

BUTCHERING, PROCESSING AND PRESER-
VATION OF MEAT A MANUAL FOR THE FARM
AND HOME Frank Ashbrook, Van
Nostrand - Reinhold Books, 450 W,
33rd St,, NYC 10001, 1955, 318 pp.,
$7.95 pd

"Sunlight and Bodies Heat This School”
SC1 DIGEST 69:16-17, Jan *71

*"Sunshine Power" Everett Carleon, Jr,
THEZMOTHER EARTH NEWS, Issue No 9, pp.
19-23

"Town Planning and Solar Architecture”

Secretariat des missions d'urbanisme et
d‘habitat, No 50, SIEGE SOCIAL, 11 Rue

Chardin, Paris, .

Solar energy in the third world

"Weather Control: Use of Asphalt Coatings
to tap solar energy” James F Black,
SCIENCE 139:1226-227, Jan '63

WORLD SYMPOSIUM ON APPLIED SOLAR ENERGY
Proceedings, Stamford Research Institute
Menlo Park, Ca, 1956, sponsored by the
Association for Applied Solar Energy at
Phoenix, Nov *'55

*World's Biggest Furnace Runs on Sunshine”

D Scott, POPULAR SCIENCE 196:88-9,Feb '70

.

CANADIAN WOOD-FRAME HOUSE CONSTRUCTION
Canadian Central Mortgage and Housing

Corporation, 650 Lawrence Av, W,,

Toronto 7, Ontario, Canada, 197 pp.,
free,

COMPOSITION OF FOODS Bernice Watts,
Annabel Merrill, Superintendent of
Documents, U.S.Government Print
Office, Washington DC 20402, 1963,
190 pp., $2.00 pd

DIET FOR A SMALL PLANET Frances
Moore Lappe, A Friends of the
Earth Ballantine Book, NYC,, 1971,
$1.25, 301 pp, How to make the
most of limited protein by com-
binations of protein,

“De-1t-Yourself Power Catches On;:
Natural Gas to produce electricity
and heat®” BUSINESS WEEK, p, 62+,
N30, °*68, On ‘'total energy';
electric companies trying to stop
ic,

Applled Solar Enegrgy bi-monthly, NY
Faraday Press

Heatinz and Ventilatinz

Solar Enersv The Journal of Solar Energy
Science and Technology, Pergamon Press,
Oxford, England for Solar Energy Soclety
Ariz State U,, Tempe, Ariz, Quarterly,

FHA POLE HOUSE CONSTRUCTION US

Department of Housing and Urban
Development, FHA, Washington DC
20110, Free,

"Greenhouse All Around You" HOUSE
AND GARDEN, 135:150-1, Jan *69

“"Greenhouse~kitchen Space is
Prodigal™ HOUSE AND GARDEN, 135:
58-61, Jan '69

"Greenhouse That Pays for ltself
in One Season™ ORGANIC GARDENING
AND FARMING, 16:80-1, Jan '69

HOME CANNING OF FRUITS AND VEG-

ETABLES Home and Garden Bulletin
#8, *'69, 31 pp., 20¢, Superintene
dent of Documents, U.S.Government
Print Office, Washington DC 20402
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HOME FREEZING OF FRUITS AND VEGETABLES,
Home and Garden Bulletin #10, °'69,

47 pp.. 20¢, Superintendent of Docu-
ments, U.S, Bovernment Printing
Office, Washington DC 20402,

HOME GUIDE TO PLUMBING, HEATING, AIR
CONDITIONING George Daniels, 186 pp.,
$3,.95, "A step~-by-step guide to
plumbing and related work”

HOW TO BE YOUR OWN ELECTRICIAN George
Daniels, 144 pp,, $3.95. "All you
need to know to do your own wiring”

HOW TO BUILD YOUR HOME IN THE WOODS
Bradford Angier, 310 pp., $7.00, $2.45
ppbk. "A pretty fair guide to build-
ing the traditional north woods log
cabin and other structures, Good
discussions of hot and cold storage,
fireplaces, oil drum heaters and the
rest of cabin life, More nitty-gritty
basics than the new editions of
Kutstrum's book (The Wilderness Cabin)"

"How to Make a Glass and Plastic
Wwindow"™ SUNSET au:92+, Mr °'68,

THE LAST WHOLE EARTH CATALOG
Stewart Brandt, ed,, 558 Santa
Cruz Ave,, Menlo Park, Ca 94025,
1971, Random House, $5,00

"Low-Cost Greenhouse You Can Build”®
MECHANICS ILLUSTRATED, 65:190-3+,
Sept, °'69.

*Low-Cost Greenhouses™ MECHANICS
ILLUSTRATED, 64198-100, Dec ‘68,

LOW-CUST WOOD HOMES FOR RURAL
AMERICA -~= CONSTHUCTION MANUAL

L. O. Anderson, Agriculture Hand-
book No, 364, May '69, U.S.
Department of Agriculture, Forest
Service, from Superintendent of
Documents, US Government FPrinting
Office, Washington DC, $1,00 pd.
A basic introduction with step-
by~-step procedures for the con-
struction of inexpensive homes;
foundations, framing, finish,
utilities, painting,

THE MERCK MANUAL (Medical
Information) Look in college book-
stores, llcth edition 1966, 1850 pp
$7.50, or perhaps Merck & Co,,
Inc,, Rahway, N.J.

ORGANIC WAY TO PLANT PROTECTION
Rodale Books Inc,, 33 E, Miror
St., Emmaus, Pa 18049, 1966, 355
PP.s, $5.95 pd

STALKING THE HEALTHFUL HERBS
Ewell Gibbons, David McKay Co,
Inc,, 750 Third Av,, NYC 10017,
1966, 295 pp., $2.95 pd

STORING VEGETABLES AND FRUITS IN
BASEMENTS, CELLARS, OUTBUILDINGS
AND PITS Home and Garden Bulletin
#119, 18 pp., 15¢, Superintendent
of Documents, U.S. Government
Printing Office, Washington DC
20402,

TOOLS POR PROGRESS Catalog,lnter-
mediate Technology Group Ltd., 9
King St,, Covent Garden, London WC 2,
1968, 192 pp., $2.10 + postage.

"Transparent Artistry” HOUSE
BEAUTIFUL 110:102-5, Sept °68,

*Underground Greenhouse” R. A, Walton,
ORGANIC GARDENING AND FARMING,
15:160-1, Nov '68,

WELL-DRILLING OPERATIONS Army-Air
Force Technical Manual, T 5-297,
AFM 85-23, 1965, 249 pp., $1.00 pd
U.S. Government Printing Office,
Division of Public Documents,
Washington DC 20402

WIRING SIMPLIFIED H. P. Richter,
Park Publishers, Minneapolis,

29th ed,, 1968, 143 pp,, $1.00
"Not as many illustrations as

HOW TO BE YOUR OWN HOME ELEC-
TRICIAN, but it gives you the same
information and costs $3.00 less,
Also comes with an excellent

hole drilled right through the top
so's you can hang it up on a nail, "

"Your Own Water-Power Plant™ THE
MOTHER EARTH NEWS, #13 & #14, reprint
of 1947 POPULAR SCIENCE series of 5
articles; includes informarion on dams,

Periodicols

Clear One South Park, San
Francisco 94107, monthly, $7,.50/yr
$13,00/2 yrs.

Ihe Green Revoluriop The Green
Revolution, Route One, Box 129,
‘Freeland, Md 21053, monthly, $4,00
yr.

Lils::x{z P.0O.Box 1, Unionville,

Ohio 44188, bimonthly, on alter-

nate months with THE MOTHER EARTH
NEWS,

Ihe Meother Earth News 1899 Hubbard
Road, North Madison, Ohio 44057,
bimonthly,

Qrszanic Gardenine and Farming 33
E., Miror St,, Rodale Press, Emmaus
Pa 18049, monthly, $5.85/yr.

Plants and Gardens Brooklyn Bo-
tanic Garden, Brooklyn, NY 11225,

quarcerly, $3,00/yr.

gggg tHeat a Lowther Press,
D.l, Wolcott, Vt 05680, 4 issues

yr.. $3.00/yr.

Wood Preservinz Formerly WOOD
PRESERVING NEWS,
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LOCAL AND ATICHAL GZOUPS, C2CAMIZATIONS, AND X'ISTI'F."I'IC'JS

American Forestry Assocliation
919 17th St NA4

‘lagh DC 20006

"Fromotes conservation of
forests and allied resources”

American Institute of Archi-
recrs (AIA)

1785 Mass Av NW

Jash DC 20036, ph 202 2A5 31173
Michael 3 Barker, Administrateor
Jepartment of Environment and
Design

American Wood Preservers
Institute

1651 012 Meadow Rd
McLean Va 22101

ph 703 893 4005

Baker Manufacturing Co
Evansville Jis 53536
free info on hand pump stands

2oston Invironment Inc

14 Zeacon St Boston 02108

ph 227 2KK0

"Znviron~ental information .
center attemptinz to provide
informarinn and referrals to
2Zoston residents” = have infor=-
mation and library

3ucknell Engineering Co
10717 E 2ush St

South E1 Monte Ca

sell wind generators

Cambridze University, Alexander Fike,
University Lecturer in Architecture
Technical Pesearch Jivision

Jept of Arch, l Scroope Terrace

Cambridre C-2 1lrX Ensland

Center for Environmental Structure
12531 Ztna St Eerkeley Ca S4704

Deeproc Qfg Zo
Box 70 Gpelilka, Alabama 136301

sells Hydra-drill for 3350, to dig your

own well

Dempster Industries Inc

P O Box 848

Beatrice Nebraska 68310

sell good equipment for pumping water

having or trying to have a positive effect on the environment

Dyna Technology Inc
P O Box 3263

Sioux City Iowa

sell wind generators

Earth Move

P O Box 13035

Washingron DC 20009

information on how to convert existing

septic tanks to the collection of methane;

sell a kit ti convert cars to methane

Eéology Action
P O Box 9334
Berkeley Ca 94709

Environmental Action Inc
2000 P St NW
Washington DC 20036

Environmental Protection Agency
Washington DC 20460

Federal Extension Service

US Dept of Agriculture

Wash DC

"Education programs and field
agents help development of re-
sources, conservation practices
and recreational use,"

Forest Service

US Dept of Agriculture

Wash DC

"Manages national forests and
grasslands, offers technical
and financial aid and research
to landowners for forest and
wildlife management”

Friends of the Earth

30 E 42nd St

NYC 10017

"Aggressive international
conservation organization”

Goldblatt Tool Co

511 Osage

Kansas City Kansas 66110
amazing catalog of specialized
builder's tools

free

Harmony
872 Mass Av
Cambridee, Mass 02139

rh 356-124¢

"self=s:;portine ecologv zroup
will help anvbody interested in
solving environmental problems”

Heller-Allen Co

Corner Perry & Oakwood

Napoleon, Ohio 43545

sells equipment for pumping water

Hilfiker Inc

3900 Broadway

P O Drawer L

Eureka Ca 95501

sells sewage utility equipment

John Muir Institute for Environment-
al Studies

451 Pacific Av

San Francisco Calif 94133

James Leffel & Co

Springfield Ohio 45501

sells good but expensive hydraulic
turbines

Metropolitan Ecology Workshop

74 Joy St

Boston 02114

ph 723-689%

"Working on ecology projects at
the community level in Boston,
Have home ecology program,,,.,”

National Academy of Science
has information on resource re-
gerves .

National Center for Urban

and Industrial Health

US Dept of Commerce

Washington DC

Office of Solid waste: “"Research
in waste disposal merhods and
controls™

Environmental Sanitation Pro-
gram: “"Technical assistance

and starcardsg revelor-apt for
recreational areas, housing hy=-
giene, urban noise an: crowr=
ing, Conducts and supports
research and training"
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‘National Forest Products Ass-
ocliation

1619 Mass Av

Washington DC 20036

Plastics Pipe Institute
250 Park Ave
NYC 10017

Quirk's Victory Light Co

33 Fairweather St

Bellevue Hill

NSW 2023

Australia

sells wind generators .

Rachel Carson Trust for the
Living Environment, Inc

8940 Jones Mill Rd

Wash DC 20015

"Serves as clearinghouse of in-
formation on environmental con-
tamination and ecology in gen-
eral”

Rife Hydraulic Engine Manufac-
turing Co

Box 367

Millburn NJ 07041

sells hydraulic rams

Sierra Club

Huron Ave

Cambridee, Mass

Paul SwareM, Regional Manager
ph 957-93130

National Office:

1059 Mills Tower

San Francisco 94104

Small Homes Council - Building
Research Council

U of Illinois

Urbana Illinois

has publications on building
techniques

Soil Conservation Service

US Dept of Aericulture

Wash DC

"Works with local water and
soil conservarion districts
to provide technical assist-
ance in nlanninz and imple-
menting local projects, Con-
ducts soil surveys, publishes
basic water conservation and
land-use dara”

Southern Forest Products
Association
P O Box 52468

'New Orleans Louisiana 70150

Stanford Research Institute,

Stanford University,

assembles information of solar-related
activities; has reference library, solar
enrineering exhibic,

Sunwater Co

10404 San Diego Mission Rd
San Diego Ca 92129

sells solar stills

USDA Forest Products Laboratory

Madison Wis 53705

Published Research Note FPL - 0134,
“Experimental Chromare Finish" a spray-on,
51¢/gal four-year wood preservative,

‘World Wildlife Fund

910 17th St NW

Washington DC 20006
Published “"What You Can Do"
by Malcolm Wells

10¢, 8pp.

Zomeworks
P O Box 712
Albequerque, N M 87103
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sASs PANEE - | secTion oF A TESTED
BLACKGNED PASTAL SOLAR -HEAT

coppen TUBES b COLLECTOR

weabIN SUPPOR T Y

% = 2

MIT SOLAR HOUSE ]

Modern research into the utilization of solar energy began in the late

1930's at the Russian Heliotechnik Institute in Tashkent and with
funds from Dr, Godfrey L., Cabot, MIT '81, at Harvard and MIT. The
first solar-heated house was built at MIT in 1939 (figure 1), Its
main purpose was to develop the methods for the calculation of the
performance of the solar energy collectors.'Ihe two-room laboratory
building had mounted on its south-facing roof a 360 sq ft blackened
copper sheet collector behind three alr-spaced glass plates in insu-
lated boxes (figure 2). Water from the 17,000-gal basement tank
. (about 2000 cubic feet) was circulated through copper tubes soldered
to the copper sheet, In addition to the collection of heat during
the winter, heat was also captured during the summer and stored in
the large tank for winter use, No auxiliary heat was needed for two
geasons, since the minimum temperature reached by the collecor was
125° F, as seen in Figure 3, Economic analysis, however, showed that
long=term heat storage was not practical, Equations were derived by
H. C. Hottel and B, B, Woertz for the performanc§ of the collectors
with varying numbers of glass plates as a function of the outdoor
and the collector temperature, Their publication, °'The Performance of
Flat-Plate Solar-Heat Collectors' is still the basic guide for flat-

plate collector design,

i (PFP-192)

APPENDIX |

g 5. The st soler
owss, Combridge,
Men, 1939,
HOT AR
E ol
* |AR TO HEATER i
" I R tRLE
GROUND LEVEL q -
g J—
P - WATER PUMP
" (RUO-108)
210— T T T T T T
TANK TEMPERATURE VS TIME OF YEAR
I'E = 138,800 8.TU
190 N

& 2z

-

TEMPERATURE -°F.
3
—]

130}

/

—

—_—

MAYI JUNEI JULY! AUGI SEPTI OCTI MNOMI DECI JAMI FEBI MARI APRI

TIME OF YEAR

3 Fig. 6. Tank temperature in the first solar house. 1 1 1

(RUO-108)



O! HO

It is believed that higher efficiency of operation can be achieved by GD/‘;‘;g/‘"
placing the heat storage units near the collector and within the con- Insulating Partition
_ Q) Lowered at Night
fines of the space which is to be heated, The maximum limit of such F)//eat Control
/
proximities can be achieved by letting the collector and storage unit /4
Meat
be one and the same, and by using this collector~storage unit as one “Sun: /000 Storage
Wa//:at‘/ Roorn Temp 70°F
wall of the living space (see figure 1). Such was the design of MIT's /?f/t; '
solar house 11, Figures 2 and 3 show the 8-féot-high, 14 x 44 ft k “J ‘@i;;"j”
5tomae | _Nel Gan
building divided into seven 4-foot-wide cubicles for the purpose of Outwara i | T // w20
Loss: 400 Ab orbed
testing seven variations of collection-storage-heating, /ZF /
/ / / Ltficrency 327
A G H Dietz and Edmund L Czapek in their article 'Solar Heating 1 / ///
: 7 7 Floor
of Houses by Vertical Wall Storage Panels' in Heating, Piping and | NS ‘ EEREUADNE {
Air Conditjoning, (~194%), detail the procedures, the problems, and Fig. 5. Sun wall chemical heat storage.
}"i)'lll’(w: are in Utu per cq ft per doy. Dec.-Jan, averaye conditions
some conclusions. In summary, six of the cubicles had double glass on fur the wicininn of Loston. - (SHH -#2)
the south front, the seventh having triple glass, The sun's rays would N
penetrate through the glass to the storage units immediately adjacent ”1"
to the glass, The storage units would, as a result, heat up. In some u\rnl BAFFLE
HEAY  HEAT .
of the cubicles this heat would be radiated by the storage units to r{\\ HEAX L“'Ljf , : (T——— =

the room, In other cubicles the heat would be transferred by convecte

—

9" WATER
RADIANT
4" WATER
RADIANT WaLL
INSTRUMENT
noOM

ion (figures 4 and 5). Each cubicle had a set of double shades which

CUARD ROOM
NO STORAGE

were automatically lowered at night or on sunless days to conserve

the stored heat, The storage medium was either water, which stored (r -“—"—-] veor “TRIPLE GLASS
sensible heat, or salt which utilized heat of fusion, changing from \M_mw NO1 ATION mn;
solid to liquid at 90F and storing 100 Btu per pound, Temperature 2 Fig. 2—Plan of test house showing arrangement of

test cells

(SHVW -2) 112



stratification within the storage media, heat loss of the aystem

2" AIR SPACE

_—— ALUMINUM’ FOIL

—~—2" AIR SPACE

.~ 4" ROCK WOOL

//—!/4‘ AIR SPACE

/‘ 2 LAYERS INSULATION BOARD

=1 LAYER RQOFING PAPER
. A:»na' PINE BOARD
M‘SOUTN g -~ INSULATION BOARD
through the glass to the outside, and the complications of trying to ///

increase the efficiency led to the conclusion that further research

in this direction would not bring satisfactory solutions to the solar

~~~~~ N e T
heating prOblem' . _EDGE - SEALED 2 LAYERS INSULATION BOAR
DOUBLE GLASS 4" ROCK WOOL 5
ALUMINUM FOIL
374" AIR SPACE—
TEMPERATURE | TEMPERATURE 7/8" BOARD
MEASURED AT § MEASURED aT YAR PAPER
t t SIDING —-
a r
778" BOARD
TAR PAPER - WATERPROOFING
' / (/2" INSULATION BOARD
: : /ﬁ 1" AIR SPACE "
. , .~ ALUMINUM FOIL .
/ 7 1" AIR SPACE
/ / /77 .-—4" ROCK WOOL
OUTER SHADE® | ' iy / // /.0 / ~—ROOFING PAPER
OUTER SMADES UP DURING DAY d) /i / / ~7/8" BOARD
WP DURING DAY DOWN AT NIGHT L S g =

DOWN AT MNIGHT

el
9" WATER WaLL ! ————
2°: 4" FRAMING

| EDGE - SEALED
DOUBLE GLASS /

wru CIRCULATING T IR R T R TR T
e AIR SPACE
3 ‘ig. 3—Cross section of test
houee showing construction
(SHVW -2)
!
;
; ;
i
ED6E - SEALED e ‘m
DOUBLE GLASS AIR SPACE | /]
WATER WALL INSIDE SHADES ; _"E:';E" 8 110" .
THERMOSTATICALLY 2'w OUTLET _
CONTROLLED /
BY ROOM AR / PROPELLER TYPE)
TEMPERATURE ot
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INSULATING WALL
VUe0.08 BTU/S0.FT. x MR, 1 °F

a B
4 Fig. 4—Schematic representstion of solar emergy collecting units 5
(SHVW - 2)
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In 1948 MIT remodelled house II, converting it into a small home of
608 sq ft for a married student and his family, (Figure 1,2,3) A
collector tilt of 57° south was used (latitu&e plus 15°) to optimize
the collection of winter sun. In order to require auxiliary heating
(this concept is discussed elsewhere in the paper), the collector
(400 sq ft) and the water-storage tank (1200 gallons, about 150 cubic
ft) were purposely underdesigned, The performance of the system was
in close agreement with the predictions based on past experimentation,
and supplied about three-quarters of the heating load, Solar energy
was also ‘'collected' through the large south-facing windows (shaded
by an overhang in the summer), often necessitating ventilation of ex-
cess heat during sunny winter weather,

Figure 4 shows the details of the collector. Copper tubes, 3/8 in,
in diameter, 8% fcvlong and spaced 6 in. on center, were soldered to
the bottom of the collector, The surface of the air space below the
tubes was faced with aluminum foil, behind which was 4 in of mineral
wool insulation to reduce the heat loss from the collector to the
interior of the house (such a loss reduces the temperature, and thus
the efficiency of the collector). The tubes were connected to 3/4 in
copper tube headers at top and bottom,

South-facing glass totaled 180 sq ft, of which 26 sq ft was dou-
ble pane and 154 was triple, (Section twe of this thesis shows the

energy-economic tradeoffs between these two options),

= CU .’.‘--' .‘
‘ 1 e L -
( g J L feweenn ?g 1 >
ro o= e e |
o B — | & &
RN R o ¥= e 22 ! R 5
! Loy i
= s i
. »7'

1 FIG. 5-—P|on view of experimental solar energy
house built ot M. |. T. Note large glass areas on
south wall.

FIG. 6—East elevation of M. |. T. solar house. Solar
energy collector was located on roof gable, which
also housed energy storage tank.

(HSPR-47)
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FIG. 7—Details of solar energy col-
lector used on experimental house.
Water was used as energy collect-
ing medium, and unit was designed
so as to drain when not in use. This
eliminated need for anti-freeze so-
lution during winter.

115



Figure 5 schematically shows the collection system, the two energy
transport systems, the storage tank, and the radiant heating panels,
The storage tank was 36 in, in diameter and 30 ft long and was placed
in the attic space; such were the constraints of the remodelling probe
lems, It is much better to have minimal surface area per cubic foot
of storage, and because of the weight of watér. ground level location
is preferred, It 'is also desirable to locate the tank so that the lost
heat is absorbed by the living quarters, lts capacity of 1200 gal proe
vided 25 pounds of water per sq>ft of collector and made it possible
to carry the heating load for two consecutive sunless days (assuming
that the storage water was at its maximum temperature at the start of
those two days). Three auxiliary immersion heaters of 4 kw capacity
each, were installed in the storage tank near its outlet,

A dry collector on the roof started the collector pump when its
temperature reached 5° above the storage temperature; circulation
continued a&s long as this condition existed, Such a method prevents
operation during momentary periods of sunshine and the delivery of
warm storage water to a cold collector, When the pumps stopped, the
water drained back into the storaée tank and thus did not require anti-
freeze,

The radiant heating panels operated in a conventional way, When
the thermostat called for heat, the pump began circulation and the
mixing valve mixed warm water from the storage tank with return water
from the panel, as required by the demand,

Before discussing the data it is interesting to note the following

figures (graphically shown in figure 6):

(HSPR)

FIG. 8—Schematic of solar heuting system. 1. Ra-
diant panel pump. 2. One of 15 solar energy col-
lectors. 3. Flow diverting valves and collection
pump. 4. Solar storage tank: 1200-gal. water ca-
pacity. 5. Radiant panel. 6. Mixing valve. 7. Room-
temperature control. In original house, radiant
ceiling panels were used to tronsmit heat to o¢-
cupied spaces. New test house will wse conven-
tional warm-air heating system.
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- 667,000 Btu of solar energy in one heating season w8u1d strike one
square foot of surface facing south and inclined 57° OUTSIDE THE
EARTH'S ATMOSPHERE,

- 219,000 Btu would strike this same surface at sea level,

- 67,000 Btu per square foot was actually available and used for house
heating during the season,

The huge drop from 667,000 Btu theoretically available to 67,000
Btu actually used is largely the result of the characteristics of the
atmosphere and is unavoidable, However, 30 percent of the energy
which struck the collector was actually used, for heat, a respectable
amount and a figure which is hard to improve upon,

Figure 7 shows the performance data for three heating seasons, To
find heating load, the sum of all of the energy delivered to the buil-
ding from appliances and animal sources is subtracted from the builde
ing heat loss (in conventional systems such contributions are usually
ignored). Note that the percentage of heating load carried by solar
energy includes both that energy which was collected by the collection
system and that which entered the house through the windows, Changes
in the piping system were responsible in large part for the improved
performance during the 195152 season, The changes improved and equa-
lized the collector circulation of water over the surface of the
collector,

Prof A L Hegselschwerdt, Jr, a member of the MIT solar research
team, wrote the article, "Heating by Sunpower: A Progress Report”,
from which a lot of the previous material was taken, Hé concludes as
follows: (HSPR)

The house in question was located in a location where climatic
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condition, of heavy heating load and poor atmospheric conditions,
do not favor solar heating, Despite these limitations, the folle
owing conclusions can be drawn:

- Solar energy can be successfully utilized for space heating,

= To produce a solar energy system that will be competitive from
.an economical standpoint will require much more research and deve
elopment work,

- The design of a solar energy system for space heating requires
the closest cooperation between engineer, architect, and contract-
Oro

- The design of the energy transport system is extremely critical
and requires expert attention,

Yes, it is true that this house proved tﬁat "solar energy can be
successfully utilized for space heating", technologically,,., But the
second conclusion, that an economically competitive system will re-
quire much morevresearch, lies at the base of the problem confronting
the use of solar energy today. We have the technology and skill to use
solar energy in domestic heating (and this information has to be given
to the public) but unless such technology can, along with its other
benefits, be made economically competitive with the traditional meth-
ods of domestic heating (and cooling), it is without much value in the
solution of our energy needs,

The third conclusion, that the design of such a sygtem requires
the close cooperation of engineer, architect, and contractor is ane
other indication that there are many problems yet to be solved and
that the final product will be expensive, (such collaboration is eco-
nomically expensive; perhaps one method of cost reduction is simpli-
city of design to require less collaboration),

The cautionary note of the fourth conclusion, that the design of
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the energy transport system requires great care, points to two poss-
ible problem areas, One of them is a problem which we have mentioned,
that of even distribution of the water over the surface of the coll-
ector so as to more efficiently make use of the heat surface. The
second problem area is that of keeping pumping costs low, the primary
cost being that of electricity, The design must insure that the ex-

penditure of electricity is more than offset by the gain in solar

heat,

119



After 20 years of research, the solar heating team at MIT constructed
a two-storey, 1450 sq ft house in Lexington, Mass,, a suburb of
Boston, in 1959, The solar heating system was to provide 75 to 80 per
cent of the house heat as well as a large part of the domestic hot
water, Its 640-square-foot collector (16 x 40 ft), tilted at 60°. cone
sisted of two layers of glass covering a thin (,025" thick) aluminum
sheet painted a heat-absorbing black, Water from the 1500-gallon -
storage tank (5 ft in diameter, 9 ft long) was warmed as it was cir-
culated through copper tubes attached to the aluminum plate (figure 1)
The warm water in turn was pumped through a heat-exchanger as needed
to warm the air which warmed the house. An oil furnace provided the
auxiliary heat, During the summer, a small tank was connected to the
collector for domestic hot water and a smali (3/4 ton) refrigeration
compressor was applied to the large tank to provide cooling for the
house (figures 2 and 3), ‘

The researchers at MIT knew that economically solar heating
might be impractical, but it was their intention to achieve a measure
of success upon which to build another house, selling House IV to
help finance it, That house would in turn be sold to finance yet an-
other house, A series of setbacks forced an abandonment of this plan,
however, Costs of the system were greater than anticipated, the system
provided a smaller percentage of the heat required by the house (about

46%) than was predicted, and MIT found itself in the unenviable pos-
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jtion of having to provide its highly trained scientists and engin-
eers as repairmen of a domestic heating system, Although the solar
system operated fairly well, ordinary things, such as valves and
gauges, failed to function properly (probably no reflection on the
solar system itself),

The house's first heating season, 1959-60, was more severe than
predicted and there was less sunshine than usual, The total solar in-
cidence was 122.4 million Btu, Of this amount, 32,4 million Btu was
of too low intensity to justify attempted collection and 40,9 million
Bru was actually extracted from the collector and brought to the sto-

rage tank, This heat in turn provided 34.4 million Btu of the total

heating load of 74,5 million Btu, or 46%,

The following 8 pages are an ASME publication, ‘Progress in

+

Space Heating with Solar Energy' by C D Engebretson and N G Ashar, i ‘

This rather detailed and well-written article about House 1V will

give the reader further insight into the project, g i : e s
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Progress in Space licating With Sclar Encrgy

C. D. ENGEBRETSON N. G. ASHAR

The solar heated home of the present day 1s
serving as the pilot plant in the loglcal de-
velopment of the method by which general use of
solar energy for space heating may be accom-
plished. The record of the performance of such
an experiment during a heating season 1is intended
for use in Justifying theory, and in orienting
the analytical and laboratory phases of solar-
energy utilization researci.

The poor correlation between solar-energy
supply and cpace-heating demands 1s not encour-
aging; however, the performance of solar-energy
collectors and the influence of weather varia-
bility has received considerable study, the re-
ports of which permit reasonable prediction of
the capability of a particular design (1, 2).1
The art of space heating by other energy sources
1s well known as measured by the 20 per cent of
the national energy consumption for thils purpose.

The conclusion that some benefit 1s real-
1zable by coupling the solar-energy collector
to the space-heating system has becn reached by
many. The performance of a particular system

I Numbers in parentheses designate references
at the end of the paper.

in a particular environment with evidence as to
how typical the environment was, during the
period of the experiment, should contribute to
knowledge of the validity of this conclusion.

MIT SOLAR HOUSE IV

The present MIT solar house is the fourth
experimental structure built under the direction
of the Space Heating Committee of the Solar Energy
Conversion Project financed by funds contributed
by Godfrey L. Cabot (3). The first two solar
houses included laboratory facllities only, while
the third was a small laboratory bullding re-
modeled to incorporate 608 sq ft of 1living facil-
ities for a family of three (4). Solar House IV
is unique in that it was designed as a solar
house to make the fullest use of cbllected energy
and waste as little energy as possible and at
the same time meet the comfort and space re-
quirements of modern living. Studles werc made
to determine the optimum form and shape of house
to satisfy these requirements and give as ncarly
as possible optimum and practical performance.
These studies indicated that a design by which
1t could be possible to receive a maximum of
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75 per cent of its heat from the sun was practi-
cal 1n the New England climate (5).

The house, Fig. 1, 1s of two-story deslgn
containing 1450 sq ft of usable living arca.
On the first-floor level are two bedrooms, bath,
dining room, kitchen, entry hall, and several
closets. The sccond-floor level contains the
living room, master bedroom, bath and dressing
room. Connected to the living room by a bridge
is a screened porch while across the brick patio
from the ground floor entrance 1is a carport.
The design 1s quite different from the popular
ranch or split-level house but it succeeds in
its purpose of being comfortable and convenient.
The south elevation of the house above ground
level conslists entirely of 640 sq ft of solar
collector sloping at an angle of 60 deg to the
horizontal.

ghe house 1s of frame constructlion above
ground level, built of first-quallity materials
and well insulated throughout., Except for the
back of the collector, which is heavily insula-
ted to prevent excessive back loss, the insula-
tion does not exceed the amount which should be
considered good building practice in this cli-
mate. All windows are thermopane or double
glazed and doors and movable sash are weather
stripped. The terrain has been manipulated so
that the major portion of the side walls of the
first floor are below grade to mlnimize heat
loss in this area.

ENERGY COLLECTION SYSTEM

The system for collection and storage of
solar cnergy is that portion of the schematic
diagram, Fig. 2, comprloing the collector, 200-
gal expansion tank, 1500-gal storage tank, col-

2

01l Fired Hol
Woter Heoler ]

Circulating Fon

)

lector clrculating pump and connecting piping.
The collecting surface 1s made up of 0.025-in-
thick and 4?8~1n-widc aluminum elements mechan-
ically attached to 7/8-in-~0OD copper tubes on
5-in, centers by clip channels. This assembly
with two layers of cover glass spaced ?u-in.
apart is shown in cross section in Fig. 3. Two
coats of flat-black paint on the outer surface
of the aluminum and copper-tube assembly produces
an absorptivity originally equal to 0.97 by
measurement. Low-iron-content glass 1s used for
maximum transmittance of solar radlation. The
back of the collector, which 1s common with wall
and roof of the living space, is insulated with
a 3-in. layer of foll-faced fibrous-glass in-
sulation and a 4-in. air-space layer of multiple
reflective insulation. The hydraulic circult

i1s completed with appropriate piping as indicated

in Fig. 2. Both the expansion tank and the
1500-gal storage tank are heavily insulated with
loose-fill-type insulation. The energy transport
and storage medium 1s water,

HEATING SYSTEM

The heating system of the solar house 1s
somevhat more complex than conventional systems.
It must provide the means of removing energy
from storage and introducing it as heat into the
living space on demand. It must also include a
means of introducing energy from an auxlliary
system when the solar energy in storage 1ls ex-
hausted or incapable of satisfylng the demand
and be endowed with sufficient intelligence to
make the decision when this operation 1s ne~es-
sary. It should further be chosen to tranufer
hecat to the living arca with a miniopum tcmpcera-
ture difference because of the sensitivity of
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Fig. 3 A cross-section of the solar collector assembly

solar-collector-efficiency to energy-storage-
tank temperature.

To satisfy the last of these requirements
a forced-hot-air system was chosen with a water-
to-air heat exchanger, larger than that corre-
sponding to conventional practice.

The water-to-air heat exchanger in the air-
distribution system of the house and the cir-
culating-pump blower are shown in Fig. 2. The
oll-fired water heater and motorized valve com-
prise the auxillary unit and its connection with
the main system. With this design of solar
heating system some economic benefit is realizable
by use of heat from the solar storage tank down
to a tank temperature of approximately 84 F,

Control 1s accomplished by a two bilmetal
room thermostat and thermostats in the solar-
energy storage tank and in the tank of the oil-
fired auxiliary tank.

A means of heating domestic hot water is
provided by colls submerged in the solar-energy
storage tank and in the auxiliary unit, A
thermostatic mixing valve tempers hot water in
the event the solar-energy storage-tank tem-
perature is beyond the temperature level which

2 Experience with radiant celling pancl heating
in the MIT Solar House III (%) indicated the
higher temperature difference necessary to trans-
fer heat to the living area.

can be used safely at appliances and outlets
throughout the house,

INSTRUMENTATION

Correlation of the performance of this
house with the theory upon which the design was
based depends upon obtaining sufficient data to
construct an energy balance. For this reason
sultable instrumentation was provided to obtain
contlnuous solar-radiation measurements in the
60-deg plane of the solar collector and on a
horizontal plane, Total radiation pyrheliometers
and strip-chart recorders are used in this ser-
vice. Water meters were included in the collec-
tor energy-transport circuit, domestic hot-water
system, and heat-exchanger water circuit to
measure integrated water flow. Separate power
meters and operating time meters were included
in the electrical services to each motor in the
system. A total of 28 separate temperatures
were rccorded continuously by multipoint strip-
chart recorders. One strip-chart recorder is
used to record the temperature difference in the
transport stream across the collector. Fuel-oll
consumption 15 determined daily and readings of
the other meters recorded at the same interval.,

Onc of the merits of water as an energy
transport and storage medium 15 the ease with
which energy-balance determinations can be made
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and energy quantity in storage assayed. Knowl-
edge of flow, time, and temperature permit anal-
ysis of the performance of any particular hy-
draulic circuit of the system. ’

.

MODE OF OPERATION

Hupan comfort is the primary purpose of any
heating system whether i1t de solar or otherwlse.
The heating system and the control thermostat
were adjusted to suit the comfort requirements
of the occupants, No attempts were made to alter
individual habit patterns to favor the means of
heating. For example, it 1s possible to favor
the solar heating system by scheduling high
demands for domestic hot water at the time of
day when the storage unit is at its highest
temperature thereby reducing the amount of aux-
iliary heat required for "topping up" this de-
mand, However, this was not done and dish and
clothes-washing operatlons were carried out at
the convenience of the housewife. No "night
set back” of the thermostat was used and lower
temperatures in sleeping areas were accompllished
by manipulation of duct damper settings .and by
ventilation, The return-air temperature to the
heat exchanger remained in the range of 73 to 75 F
throughout the heating season.

HEATING-SYSTEM OPERATION

Heating-system operation 1s initlated by the
first-stage bimetal in the room thermostat, which

y

causes the heat-exchanger circulating pump and
blower to operate. Water 1s pumped from the

top of the 1500-gal storage tank through the

heat exchanger and returned to the bottom of the
tank. Return air from the living space 1s passed

~through a filter bank and the heat exchanger and

redistributed to the house. When the demand for
heat 1s greater than supplied by the heat ex-
changer, the living space will continue to cool.
At the temperature 1 deg less than that necessary

to close the first-stage bimetal, the second-stage_

bimetal will cause the motorized valve to oper-
ate causing the circulating pump to take hot
water from the oll-fired auxilliary system through
the heat exchanger and return it to the aux-
1liary tank. The water in the auxiliary system
1s maintained contlnuously at a temperature of
from 145 to 160 F. This temperature is more than
adequate when supplied to a heat exchanger hav-
ing a UA of 1800 Btu/hr deg F at a water flow
rate of 3.4 gpm to satisfy the maximum demand

of the house. Air flow through the heat ex-
changer 1s 716 cfm with average air-filter con-
ditions.

When high demands beyond the capability of
the solar-energy storage are satisfled the sys-
tem returns to operation with this source of
heat, Fig. 4 shows the water temperature and
heating-capacity relationship of the system,
and indicates a heat-exchanger efficlency of
83 per cent (ratio of alr-temperature rise to
maximum possible rise, using a heat exchanger of
infinite surface). For a given demand it is

125



w

5

CURVES 8

OR DOLLARS PER DAY

FEB

o
L
60* TILT-MILLION BRITISH THERMAL UNITS/DAY

TOTAL USEFUL COLLECTION USING 840 SQ FT. AND

SAVINGS IN DOLLARS PER MILLION BRITISH THERMAL UNITS

- OPTIMUM OPTIMUM . i
L FOR FOR
JAN FEB N
' R 1 e L 2 1

80 90 100 1o 120 130 140 150 160 170
SOLAR STORAGE TANK TEMPERATURE ~°F
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cost savings in $/million Btu delivered to the living area due
to use of solar heat instead of ofl heat. Curve B: Operating
cost savings, $/day due to use of the present solar heating
system in a given month. Curve C: Total useful collection
using 640 sq ft at 60° tilt with a given monthly average air
temperature in million Bru/day. (Air temperatre used for
these curves were 31° F in January and 36° F in February)

possible from this diagram to ascertain the
minimum storage temperature which will satisfy
the demand and the point where any subsequent
reduction in storage-tank temperature or increase
in demand will cause a change over to auxiliary
operation. A thermostat is provided in the solar-
energy storage tank which can be adjusted to
prevent operation which would be economlcally
unfavorable. Domestic hot-water use averages

85 gal per day and 1s heated from city water
temperature of about 50 F during the heating
season to approximately the temperature of the
solar-energy storage in passing through the coill
in the 1500-gal tank. It then passes through

the coil in the auxiliary tank for further
heating to temperatures in the range of 140 to
155 for distribution throughout the house.

A word 1s in order on the choice of solar
storage-tank temperature. Assume that, for a
given month, the space-heating requirements ex-
ceed the collector performance as to permit every
Btu collected from the sun to be used. The eco-
nomic optimum storage-tank temperature can then
be determined as shown in Fig. 5. The cost per
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Fig. 6 Solar collector performance during the winter
scason 1959-1960. Cumulative values for every weck
are plotted in million Btu

million Btu delivered to the living area is

first calculated for the solar and the oill-
heating systems. The operating costs consist

of the power costs at-3¢ per kwhr to run the
collector pump (operating time based on a long-
term average of 63,000 Btu/hr collector opera-
tion), to run the heat-exchanger pump, air blower
and oil burner, and the cost of fuel oil at 15¢
per gal. The difference of these costs, the
excess of fuel-heat cost over the solar-heat cost,
is plotted versus the solar storage-tank tem-
perature in curve A. The increase 1n savings
with rising tank temperature 1s due to the re-
duced heat-exchanger operating time to deliver

a million Btu to the 1living area. But, allow-

- ance must be made for the fact that the collec-

tlon efficlency lncreases as the storage temper-
ature decreases, the outslide air temperature
being constant. The useful solar-energy col-
lection can be estimated as shown by Hottel and
Whillier (2) by the use of the # or utilizability
curves, Calculations were made for useful col-
lection in millions of Btu per day versus
storage-tank temperature using a flat-plate col-
lector of 640 sq ft area and 60-deg tilt in the
Boston area during the months of January and
February (see curves C). For a given storage-
tank temperature, thec daily savings in operating

5
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cost 1s the product of the useful collection in
million Btu per day and the savings 1n dollars
per million Btu transferred to the living area
using the present solar-heating systew. This
daily operating savings for the months of Jan-
uary and February appear in curve B, Fig. 5.

The economic optimum tank temperature for Jan-
uary and February are 105 and 115 F, respectively.
Similar calculatlions could be made for other
months but the flatness of the optimum indicates
-that 110 F is adequately near the seasonal opti-
mum.

ENERGY~-COLLECTION-SYSTEM OPERATION

The operation of the collector circulating
pump and consequently the on-off cycling of the
collector is controlled by a palr of sensors one
of which 1is in the energy-storage tank, the other
in the collector proper. These sensors are re-
sistance elements in the legs of an a-c bridge
circult, the unbalance of whlch actuates an
electronic relay. This bridge-and-relay com-
bination 1s adjusted so that radiation on the
collector sufficient to cause approximately a
5-deg F temperature rise in the water-transport
stream through the collector, opération is in-
itiated., When radiation is inadequate to cause
a temperature difference of more than 3?2 deg F
collection is terminated. A temperature rise
of .1 deg F is the "break-even point" at the
present cost of electrical energy to drive the
pump. A somewhat higher than "break-even" dif-
ferential at start of collection 1s desirable
to prevent any short cycling or nervous operation
of the control and pump, Present waler-circula-
tion rate through the collector 1is 8.2 1lb/hr sq
rt, -

The water automatically drains from the
collector at the completion of each collection
cycle and 1s replaced by air from the top of
the expansion tank. This feature 1s extremely
desirable in & solar collection system to reduce
losses during cold cloudy perlods and to reduce
freezing hazards, It 1s also the cause of the
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Fig.7 Solar House IV performance during the winter
season 1959-1960. Cumulative values for every
week are plotted in million Btu

most difficult single operational problem of the
system, that of air entrainment in the transport
system. Considerable experimentation was neces-
sary before a system capable of returning this
entrained air from the points where it was dis-
engaged from the liquid to the expansion tank
was devised. The average power cost of collec=-
ting one million Btu was 17.5 cents.

RESULTS

The system and house herein described has,
during this past season, demonstrated a capa-
bility for providing a high degree ol human com-
fort during a period of abnormal heating demand
and subnormal solar radiation. Table 1 shows
a comparison of degree-days data from near by
reporting weather statlons and that taken at the
solar house. There exists a discrepancy due in
part to é difference in the method of interpre-
tation of the weather bureau and the solar-
house data, in computing average temperature
and degree days. The weather bureau stations
assume a normal distribution of temperature
around the arithmetic mean of high and low tem-
perature for a day while the solar-house degree
day is based upon average of measurements of air
temperatures recorded at 8-min intervals., When
normal distribution exists there is no differ-
ence due to the method, but January 1960 shows
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‘that the distribution was somewhat skewed. Com-
parison of data with an air-base weather group,
2}? mlles away, has shown that by adopting the
weather-bureau system, the data are comparable to
the extent that differences are those normally
expected considering site, exposure, and eleva-
tion. However, it is felt that the method used
here more clearly represents the climatic condi-
tions surrounding the experiment. Boston
weather was warmer during this heating season
than the long term normal, but, the season was
more severe on the site than the previous season
when Boston was very near normal. Blue Hill data
as given in this tabulation show the same trend
as Boston. The one fact demonstrated clearly

is that In the temperate zone near a large body
of water, the variations in weather over a short
distance as one moves inland such as the 19 air
miles to Blue Hill and the 15 miles to Boston,
can be very great. Temperatures taken on the
site, therefore, have been used in the calcula-
tions of heat load. . ’

Cumulative diagram, Fig. 6, shows that of
122.4 million Btu incident on the collector during
the season October 1959 through March 1960, 90
million Btu were received during periods of
collection of which 40.9 million Btu were col-
lected and transported to storage. Very apparent
is the plateau in the curve during November 1959
which was especially low in usable sunshine.
Collector efficiencles have been above 40 per cent
throughout'the season, resulting in a long-term

"average efficlency of 45.4 per cent. Cumulating
diagram Fig. 7 shows the use of the collected
solar energy for space heating and domestic hot-
water demands. Forty-four per cent of the space-
heating load and 57 per cent of the domestic hot-
water load were borne by the solar-energy system.
This results in a 46,1 per cent sharing of the
total heating load during the season. The monthly
values are given in Table 2. At all times suf-
ficient energy to accomplish the domestic hot-
water heating duty was in storage. However, its
level was rarely high enough to eliminate second
stage of "topping up" heating in the auxiliary
unit, hence the high percentage of this load by
auxiliary means, The seasonal economic storage
temperature of 110 F, as indicated earlier, will
always necessitate auxiliary water heating means
regardless of the size of the collector.

This summary includes only that heat
intentionally transferred to the living space
metered and controlled. System losses which occur
within the structure contribute an unmetered
amount .

Contridbutions to the heating load of this
house from sources other than the heating systenm
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TABLE 2 ENEROY BALANCE ON SOLAR HOUSE IV (WINTER 1959-60)

No. October MNoveaber Docomber Junuary rfebruary March Total
1 fotal 60° inctdence” |

oo 60 ft* A.6 12.4 16.7 2.8 21.7 28,2 122.4
2 60° incidence when

collector pump is

operating .6 8.3 n.7 16.5 16.7 22.2 9.4
3 Total collection 6.3 3.5 5.5 Tede 8.1 101 40.9
4 Inergy to heat aexch.

b7 solar heated tank 3.1 1.5 3.5, 5.0 [53 8.4 27.6

w

Energy to domestic
hot water by solar
heated tank 1.5 0.8 1.0 1.1 1.2 1.2 6.8

6 Total enargy suoplied
by the soler heated
tank

4.6 2.3 45 6.1 7.3 9.6 i
7 Solar tank losses 1.7 1.2 1.0 1.3 0.8 0.5 6.5
8 Energy to heat exch. .
by euxiliary 0.0 6-? 9.0 9.0 5.8 49 349
9 Energy to dooestic hot
water by suxiliary 0.1 0.7 1.0 1.1 1.2 11 s.2
R

10 Total energy supplied

by the euxiliary 0.1 6.9 0.0 101 7.0 6.0 401
11 Total best exch load 3.1 7y 12 %0 19 1.3 625
12

Total domestic hot
water load 1.6 1. © R0 2.2 2.4 2.3 120

13 Total heat load 4T 9. 14.5 16.2 4.3 15.6  T4.5

14 % of domestic hot
water load shered

by solar tank 9% 53 5 0 0 52 by
15 'S of heat exch load

shared by solar tank 100 20 28 36 51 6 Y
16 % of total heat load

shared by solar tank 98 25 - 38 2 62 46
17 Predicted £ of total

hest load shared by

soler tank (5) 100 8 ] 56 3 L4 75

# A1l values in million Bta

proper can be classified as those of a normal
residence plus those peculiar to a solar house,
The average home experiences heat supplied by
occupants, llghting, appliances, and solar radia-
tion on the structure and through the windows.
In addition to thls the solar house receives

a contribution from the back wall of the collec-
tor and the thermal losses from the energy-
storage unit within i1ts envelope. The extent of _
the contribution from the energy storage or from
the back wall of the collector has not been
fully explored. However, experimental results
indicate they exist., During operation of the
collector at temperatures considerably higher
than room temperature, heat transfer to the
living space 1s observed. During periods when
the solar collector is not active because of
inadequate radiation to permit economical opera-
tion, diffuse radiation observed will cause the
collector to achleve a temperature high enough
to accomplish some héating or to some extent
retard if not totally eliminate the heat loss to
the outside air from this portion of the enclo-
sure.

A portion of thermal losses from the 1500-
gal energy storage tank are to the basement
floors and walls and consequently directly to
the earth but an equal amount of surface area of
the tank enclosure 1s exposed to basement air.,
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Heating of the bucenent and consequenily the

lower fiocr somzwnat reduces the denznd on the
heat exchanger,

Examinaticn of dalz on the bel wior of

of this
structure indicates that durine per'osds when the
intensity of soler radiation exceeds 150 Btu/sq-
ft hr, no heating-systen creration was required
until the temperature difference between the
living space and the outside alr exceeded

1% deg F. VYhen the scolar incidence 1s less than
this value, heatling-systen operation was gener-
ally required vhen the tomreratuvre difference
across the walls exceaded 10 deg F. Since the
periods of inclédence bolow 150 Biu/sq £t hr
greatly exceed thes2 of higher soler incidence,
heat-load estinates have been made neglecting the
first 10 deg of temperature differeonce.

The expcrimental data yield a combined
UA-value for the house of 500 Btu/hr deg I when
fitted into the following expression for heat
load: .

Q=(t, -t - 10) 500
i o
where

Q = hourly heat loss, Btu/hr

t1 inside air temperature, deg F

q>= outside air temperature, deg F

500 = UA = heat-loss coefflcient and area
product, Btu/hr deg F

Using this experimentally determined UA-
value in the expression for the heat load of
this house 1t is possible to work backward and
roughly evaluate the contribution from the solar-
energy~system components., One concludes there
is no net gain from insolation through the win-
dows and radlation on the structure during the
day because of an equal amount of back radlation
during the night, if one makes an evaluatlon by
hand-book methods (5). Electrical power used
averages about 750 kwhr per month. This amounts
to about 3555 Btu/hr which when added to the
probable 1500 Btu/hr for occupancy by three
persons and considering the UA-value of 500,
accounts for the lack of heat requirement for
the first 10 deg of temperature difference. The
low UA-value of 500 Btu/hr deg F can be attri-
buted to energy losses in the envelope from
components of the solar-heating system. The
coliector-back contribution during periods of
low incidence 1s negligible. The collector-back
loss and miscellaneous radiation gain contribu-
tion during periods of incidence greater than
150 Btu/sq ft hr can then be assumed to be the
factor in the 4 deg greater temperature dif-
ference before heating 1s required. Hence, the
total miscellaneous radiation and collector-
back-loss contribution averages 2000 Btu/hr
during these periods,

[}

8

CCHCLUSIONS

1 The degree of comfort realiced was L=
dependent of the type of heatiug system and ihe
corbin:ticon of solar and auxillary systeoms ave
workable to achleve this end.

2 Auxiliary heating systems arc requlrcd
in the northern latitude to provide catisfactory
domestlc hot-water temperature.

3 Specilal considerations are required in
designing the hydraulic circuit for the solur-
enerpy collection system owing to the presence
of air and water. Ailr transported to Lthe com-
ponents of the system other than collector and
expansion tank can rcduce the rates of water
flow and heat transfer.

4 The thermal performance of the collector
was in good agreement with the theoretlical cal-
culations.

5 The construction of the collector asscm-
bly was simplified by the mcchanlcal attachment
of tube and aluminum plate with the clip chan-
nels. No loss in the heat-removal efflclency
was observed in spite of the reduced contact
area.

6 It would be desirable to have degree days
computed on weighted average air temperatures
rather than arithmetic mean of maximum and minl-
mum.

7 The economical seasonal operating storage-
tank temperature was about 110 F for the present
solar heating system.

8 It 1s logical to expect the system to
share a greater fraction of the total yearly
heating load than realized during the 6-month
test period. This perlod was deflclent in solar
radiation and included more severe weather con-
ditions than normal.
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Dr. Maria Telkes, engineer, along with Miss Eleanor Raymond, architect,
and Miss Amelia Peabody, philanthropist, built a solar-heated house in
Dover, Mass (independent of MIT's work) based on the notion of complete
heating by solar energy. The nine days of heat storage was attained by
using Glauber's Salt (Na,SO4, 10H,0) as the storage medium (60 lbs per
sq ft of collector). The heat of fusion (or ‘heat of transformation’,

solid-liquid-solid) of this material is 104 Btu per lb, Its density is

(SHSE -39¢)
92 1b per cu ft so that one cubic foot of this chemical can, theoreti-

;AN BLOWS WARM AIR / COLLECTOR METAL SHEET
cally, store 9500 Btu at its melting point, which is about 90F. In the 70 8in THRGUGH BocT. DA DOUSLE GLass

PLATES. AIR CIRCULATES
IN AIR SPACE BEMIND METAL
SHEET

Y

~

temperature range of 80-100F, a cubic foot of water stores 1300 Btu

| BAFFLE

through the specific heat effect, The salt through the same range sto~-

R\

res 1500 Bru in specific heat in addition to its heat of fusion (9500

_— DUCTS FOR AIR FROM
BIN TO COLLECTOR

Btu) for a total of 11,000 Btu per cu ft, (SHH - 72)

" HEAT STORAGE B'N FILLED
The advantages of the salts are clear, Not only do they store ,//’gmézumwswwmo

seven or more times more heat per volume than substances relying on

specific heat, but they can collect and store the heat at a relatively

FAN BLOWS WARM AIR
FROM BIN TO ROOM

_ BarfLe e

constant and moderate temperature, Its primary drawback has proven to

be more than this house or subsequent work since has been able to solve;

the chemical salt stratifies in its container resulting in imperfect ~ Sk rrowroou

reversibility between liquid and solid, The Dover house was converted
Fic. 1. Heating system, sun-heated house, Dover, Mass.
to standard heating,
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* “OT AIR OUTLET o Pg. 1. Schemetic diagrom of ever-
. lepped-piate solar oir heoter.

Dr. George O G Lof has been one of the foremost pioneers in the field GLASS COVER PLATE

of solar energy use, Prior to 1950 he designed a collector and applied
it to an existing fiveeroom, 1000 sq ft, bungalow in Boulder, Colorado,
The primary objective in the design was "the maintenance of simplicity

and economy in construction and the development of a collector suitable

I

for large-scale factory production." (SHW)
X. | va INCH SPACE

The solar collector unit (figure 1) consists of a sheet metal
trough approximately 3 in deep, 2 ft wide and 4 ft long contain-
ing a series of single-strength glass plates arranged in a stair-
step fashion and separated by % in spaces, Each pane of glass is . i

24 in wide, 18 in long and blackened with black paint or a black

glass coating in an area 6 in by 24 in, The glass is arranged so

that each black surface is beneath two clear surfaces, One or 6480-132)

more single-strength cover glasses 2 ft by 4 ft in size are supp- _ €OLD AR INLET

orted on the top edges of the trough and form a nearly air-tight
enclosure containing the overlapped plates, By means of this arr-
angement, solar energy is transmitted through the transparent
surfaces and absorbed in the black areas; the ‘greenhouse effect'
caus§s the black surfaces to reach a relatively high temperature,

(SHW

Air to be heated enters the lower end of the trough at a low
velocity and exits at the upper end at temperatures approaching that
of the black areas, Lof has found that best performance results when
the air encounters four sets of glass plates between entering and lea-
ving the trough,

Efficiency of heat collection ranges from 30 to 65 percent; as
air velocity increases, efficiency rises but exit air temperature de-
creases, Fifty percent efficiency is obtained at an air-flow rate of
1,6 cu ft per sq ft of collector surface, With surface~treated lowe

reflective glass and two cover plates this efficiency increased to 59 ']:31



percent,

For the Boulder house, a collector of 463 sq ft was mounted on
the roof (facing south at a 27 degree 4ngle with the horizontal) and
separated from the shingles by a one-half inch layer of celotex insula-
tion. The 180 cu ft basement storage bed consisted of 8,3 tons of 3/4
in gravel, Warmed air from the collector was gathered at the roof ridge
and was transported to the storage, It passed through the bed to return
to the lower end of the collector, becoming cooler as it transferred
jts heat to the gravel, Figure 2 shows the heating system,

Costs of the system were difficult to determine and would be al-
most meaningless because of the experimental nature of the project, In
its first season of operation, the solar unit supplied 25,6 percent of
the heat, and the fuel savings "should have been at least $20,00 or 32

percent” (this in 1950), (Wso - 137)

Rg. 3. Schomotic disgram of
soler he oting system in Sovider

Howe.
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George Lof found from his experience with the Boulder house that it was
practical to combine solar heating with an existing conventional in-
stallation, His next step was to plan and construct "an entirely new
and modern house heated by an improved solar heating system and (to
test) the house under actual living conditions.” (WSO = 137)

The house originally conceived was called "Denver Design" and had
the solar collector as an integral part of the house roof, After con-
siderable planning and preparation (figure 1), construction was delayed
in favor of the possibility of incorporating solar cooling, which had’
yet to be adequately developed, Construction of what was now called the
“Denver House" was then scheduled for 1956, in Denver,

The main attitude difference from the Denver design was that it
was felt that “the house should be convenient for application of a sole
ar heating system which could be added to it as an appliance or a piece
of equipment rather than being made an integral part of it," (WSO -
142) The house was thus designed with a flat roof on which were placed
two banks of sloping (45° angle) solar collectors, each 6 ft high and
50 ft long for a total collector area of 600 sq ft,

The one storey, "contemporary" home of 2100 sq ft, designed by
James Hunter of Boulder, had many features for collecting heat and
keeping it inside the house, among them, south-facing windows; reflect-
ive-lined draperies; and shbji screens on the west designed to act as

one-way mirrors that can be reversed to reflect heat outward or to re-

ZHOT MANIFOLD

NEAT DISTRIBUTION ’ v 594 RISER
ouct =7 !

AYTILIARY,
HEATER

Fig. 7. Solor heoting system for “Den.
vor Desiga™ howre.

{Ws0) 1

133



tain heat inside,

The collectors were baseﬂ on the overlapped-plate principle of
the Boulder house, The heat was stored in two columns of 1,5 to 2,0 in
gravel, Each column was 3 ft in diameter and 18 ft high for a total of
about 12 tons of rocks, The house had a heat loss rate between 20,000
and 25,000 Btu per degree day, During the wiﬁter of 1959-60 this sys-
tem provided 26 percent of the heating load plus a portion of the heat
needed for domestic hot water, (It was predicted however that the, sys-
tem would provide 60 to 70 percent of the load, and this may account
for there being no more houses built by George Lo6f).

Figure 2 shows the heat flow diagram, Solar-heated air is drawn
through a duct inside one of the storage cylinders and supplied to the
_botr:om of the storage bed for flow up through the gravel and return to
the collector, This flow is automatically diverted when rooms require
heat, When the system is not collecting heat, house air flows down
through the heated gravel, then to the rooms, If this air is not warm

enough, tﬁe auxiliary duct heater increases its temperature,
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Raymond and Mary Bliss (of Donovan & Bliss, Amado, Arizona) completed a
100 percent solar space-heated installation in 1954, The system was
attached to a small, 25-year-old cheaply-builf frame structure called
the Desert Grassland Station 30 miles south of Tucson,

The primary purpose of the installation was a "stepping stone
towards design of a complete solar ait-condiéioning system, capable of
high-quality performance the year around,” (WSO - 151) Of secondary
importance was the desire to show that a house could be heated entirely
with solar energy according to design calculations,

' The collector-storage system, for financial reasons, was separate
from the house, The collector uses four layers of black cotton screens,
spaced % in apart, through which air is passed, absorbing the incident
sunshine, The air is then passed through a rockpile, the heat from the
air being absorbed by the rocks (figure 1),

The collector, 34 ft long and 10 ft high, has an exposed glass
area of 315 sq ft and is tilted to face the midday sun squarely on 15
January, The cotton screens are probably much less durable than black=-
enameled metal screening would be, On a clear day the collector collects
about 315,000 Btu, or about 1000 Btu per sq ft, This is twice the aver-
age daily heat requirement of the house,

The 1300 cu ft rockpile holds about 65 tons of 4-inch diameter
field rock, and has a heat'storage capacity of about 27,000 Btu per

degree F.
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For summer cooling, cool night air is drawn through a large hori-

zontal porous screen exposed so that it loses heat by net radiant exe-

change with the night sky and forced through the rockpile (figure 2), BLACK CLOTH SCREENS—

. COLLECTOR FAN
I /\/
) g HEATED AIR

_~T0  ROCKPILE

Performance is better than that produced by the conventional evapora~ COVER GLASS

RETURN AIR
p-—"" FROM ROCXPILE

tive cooler but not comparable to the comfort level attainable by high

quality refrigeration systems,

Operating cost of the cooling system is about the same as that of
an evaporative cooler, but the heating system operates at about $70 ®OCKPILE:
savings over a conventional system (utilizing butane)., Although the to- INSUL ATION
tal cost was $4000, a more realistic estimate for a house (up to 1500 e rion overs—| -

8q ft) designed for it would be between $2000 and $3000, or about
fig. 4. Schemgtic view of oir-

$1500 over the cost of a conventional heating and cooling system. Such arh (o ector ond heat:

storoge rackpile.

an installation might show a fuel savings of $100 per year (1954

prices).
POROUS SCREEN LOSES HEAT

BY RADIANT EXCHANGE
WITH NIGHT SKY AIR TO FAN SUCTION

Fig. 7. Schematic arrangement
for air cooling "night radiator.”
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The Association for Applied Solar Energy (now the Solar Energy Society)
and the Phoenix Association of Home Builders held an architectural
competition for a solar house which was completed in 1958, Peter R,
L;e. a student at the University of Minnesota, won the competition and
affiliated himself with Robert L Bliss, architect, Construction funds
were made available by G Robert Herberger, a Founder=Director of the
AFASE,

Figures 1 and 2 show a section and a plan of the house, The colle
ector plates consist of 68 louvers in 17 parallel rows and collect heat
for the house, for the swimming pool, and for domestic hot water, Fig-
ures 3 through 6 show details of the louvers, which also shade the
southern exposed glazed areas during the summer (of course, they also
do this during the winter as well), Note that the louvers rotate on
swivel joints to follow the sun, A 2000-gal tank is insulated with four
inches of fiberglass and bufied in the earth, Heat pumps convert the

stored water to useful house heat even when it has reached low tempera-
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g DUMMY COLLECTOR THE RMO‘, TAI‘;-—\
tures, For summer cooling, the task of the heat pump's compressor is XE b e, :Zé;7 _

made easier by "circulating cool water from the storage tank through \h\“:\\\:::‘r\g::“\

the coils ahead of the condensers, The heat thus added to the water is
_( - > EXHAUST
FAN -
CARRIER

< HEAT

transferred to the swimming pool, where it is dissipated by oversize

sprays,” (SH - 5) Figure 7 schematically diagrams the system,

Cost data on this house is hard to find., However, Tybout and Lof

(SHE) and others have shown that it is never economical to design a kafp

solar system to provide 100% of the heating capacity, as this house has =y -‘}@m;;éqg

done. Tybout and Lof also showed that such a system in Phoenix must | “'f ;;: 53::f:“ V2

provide heat at a cost approximating $2,00 per 106 Btu, Judging from : 8 ,:i:w,

the complexity of the collector construction and of the system design, HQH?E

as well as from the low demand which the Phoenix climate puts on such I au-v';‘_ = :;iﬁ:ﬁ” v N
S-Ear b 3

a system, it is doubtful that this solution to solar heating is econo-

mically competitive with gas and oil, It must be kept in mind however

2000

that the system also provides summer cooling, domestic hot water, and a GALLON ' ) POOL
GRID
heated swimming pool., The architectural design and the collector design TANK : ’
— -
offers possible directions for explorations into alternatives to the
—— Schematic diagram of heat pump and solar energy col-
large, single expanse of a flat plate collector. Solar systems are also lection system. (SH -V )
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OLAR HOUSE HA

Harry Thomason, a physicist, lawyer, inventor, and do-iteyourselfer
from Washington DC, has been trying to solve the solar heating/cooling
problem for 13 years, The simplistic designs'of his collectors and of
his heating/cooling systems and the lack of cost data and system per=-
formance data made public have left his work open to skepticism, Howe
ever, he does seem to have achieved two goals of solar systems, one of
constructing an inexpensive, easy-to-build collector and the other of
keeping the entire heating/cooling system free from complexity.

Mr Thomason has built four solar houses and has many patents on
his designs (his solar heating system is called the Thomason Solaris
’System). His first house, of medium size, was constructed in Washinge-
ton DC in 1959, The first winter required only $4,65 of auxiliary oil
heat, Without the use of the sun, the house would have needed $100 to
$125 worth of oil, The 840 sq ft collector and the five-day storage
tank cost $2500,

An article by Mr Thomason in 1965 evaluating the first house re-
ports that "no major flaw in design or construction has shown up.,"
(EWS « 17), There were a few leaks that had resulted in deterioration
of some wood., The polyethylene film over the corrugated aluminum coll-
ector plate (Figure 1) had disintegrated and the collector was rebuilt
without it, resulting in a single layer of glass over the aluminum,
(Tybout and Lof (SHE) found th@t two glass plates are economically

optimal everywhere except in the warmest of climates such as Miami or
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Phoenix and most collectors that have been built use two)., He ree
ports only slightly lower efficiency than the first design with the
film (44% as against 47%). This is codparable to the 45% efficiency
reported by MIT House 1V,

Mr Thomason believes that do-it-yourselfers can build their own
solar houses, Plans and licenses are avallabie for the "Thomason
Solaris System" from Edmund Scientific Co., 150 Edscorp Bldg.,
Barrington, New Jersey 08007,

The following several pages describe the four houses, (SHAS)
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HOUSE NUMBLK 1

The relatively simple "'Solaris Systems'' for
heating and cooling homes will now be explained
in detail. The first house was designed as a
solar house from the basement up. Overall,
the house is 28 feet wide by 38 feet long. Total
floor space is about 1500 square feet, about
900 being heated and air conditioned, Approx-
imately one third of the lower level, an area
10 x 25 feet by 7 feet deep, is a heat storage
bin. The remaining two thirds of the lowerlevel
is used for a basement, a recreation room, and
a bomb shelter.

The heat bin was waterproofed, made air-
tight, and lined with three inches of insulation.
Ordinary low-cost rough lumber was used to
protect the insulation from being crushed by
heat storage apparatus inside. Air distributing
ductwork of concrete building blocks was con-
structed in the bottom of the bin. A steel tank
4 feet in diameter by 17 feet long, for 1600
gallons of water, was placed on top of the
ductwork. Fifty tons, (3 truckloads) of fist-
sized stones were poured around the tank.

A separate insulated compartment was con-
structed inside of the heat bin to heat the dom-
estic water, both during the winter when the
home was being heated and during the summer
when the home was being air conditioned.

The top of the heat bin was formed by floor
joists of the living quarters. Because warmed
air from the heat bin rises, six inches of glass
fiver insulation was placed be:ween the joists.
This minimized heat leakage up into the home
from the bin when heat must be stored for
cold days and kept the home from becoming
overheated in spring and autumn when some
days are warm and require little or no heat,

With this relatively simple low-cost heat
storage apparatus large quantities of heat could
be stored to keep the nhome warm for five or
more reasonabiy cold, cloudy daysin succession
with no sunshine (temperatures of 25-45° F).

The living quarters included 3 bedrooms,
living room, bath, dinette-kitchen, and utility
room. These areas, plus extensive closet space
beneath the heat collector, were located entirely
svove ground and over tie basementand heat bin
arva. The front of ihe house faced Walker Mill
Kkd,, 10 the north, The frontof the huuse, the front
rouf and the cast and west cends were of con-
ventional appearance. A solarhieat collector was

CUIIOME ML LT b AU S AT ST ves Sa smere e moes = e
of the house.

The author departed from teachings of other
solar energy researchers that a solar heat col-
lector should face due south for optimum heat-
collecting ability. His collectors were turned
about 10 degrees west of south totake advantage
of afternoon solar heat collecting conditions
which are generally warmer and often clearer
than mornings. Because of warmer afternoon
air temperatures around the heat collector and
in the attic behind the collector, less heatis lost
and more is captured and transferredto the heat
storage apparatus,

The sclar heat collector was constructedin two
sections. The top section was setatanangle of 45
degrees and extended from the peak of the roof
down to ceiling level of the living quarte-s. This
section was as long as the house, 38 fuet, and
measured 12 feet from top to bottom. Trelcwer
section was set at a steeper angle of 60 degrees
and extended from the level of the ceiling down
almost to the ground. This section was 3¢ feet
long and 10 feet from top to bottom.

The base supports for the heat collectorwere
the standard 2 x 6 roof rafters of the house. Ply-
wood sheeting was nailed to these rafters as in
usual building construction. A waterprcof cov-
ering was placed over the plywood. Wood strips
(2" x 3'") were turned on edge andnailed through
the plywood sheeting and waterproof covaringzo
the rafters. Insulation bats 3 inches thick, with
reflective aluminum foil coverings, were vlaced
over the waterproof material and betwzen the
wood strips.

Corrugated aluminum sheets two fezt wide
were treated on one side with special materials
to make them black to absorb solar heat. The
sheets were installed with the corrugaticns,
spaced 1-1/4 inches apart, extendingfromtog to
bottom, Polyester plastic film, 5 milsthick, was
placed over the black corrugated aluminum and
clamped into place by screwsandredwood strips
(3/4 x 1inch). Ordinary window-glass pancs were
fastened to the redwood strips by screws and
aluminum fasteners. This gave a spacing of 3/4
inch between the plastic film and the glass.

At the top of the heat collector 1/2-inch cop-
per tubing was used as a distributor manifold.
The tubing was drilled with hundreds of smal}
holes, one hole overeach valleyintheblack cor-
rugated aluminum, At the bottom of the coliector
was an insulated gutter,



glass, 10¢; palni, sCcrews, wooa sirips, waier dis-
tributor and collector manifolds, 25¢; labor, 25¢.

With this relatively simple apparatus large
solar collectors were constructedatthe very low
cost of about a dollar per square foot, Collectors
built by others had cost $3 to $5 per square foot,

Heating

Sun rays passing through the glassandplastic
strike the black corrugated aluminum sheet and
are converted to heat. Within a short time the
black sheet becomes warmer than the water in
the 1600-gallon steel tankinthe heat storage bin,
A small electric pump isautomatically turnedon
to pump cold water from the bottom of the tank to
the distributor marnifold at the top of the
collector. The water iswarmedby the black cor-
rugated sheet as it flows down the valleys from
the topto the insulated gutter at the bottom. From
the gutter the warm water flows to the heat bin
where it passes through a heat exchanger and
warms the domestic watier, The warm water
flows, from the heat exchanger into the top
of the 1600-gallon tank. The water is recircu-
lated through the solar heat collector until the

water begins to be warmed, it in turn warms
the 50 tons of stones around the tank; and this
transfer of heat continues day and night, By
the next morning the stones are warmed be-
cause the tank of water has given up much of
its heat to the stones. The water is cool and
ready to take on another load of heat when the
sun shines again and turns on the recirculating
pump,

An electric blower is turned on by a thermo-
stat whenever the home gets cool. The blower
draws cool air from the living quarters, filters
it and blows it into the distributor duc:work of
concrete building blocks in the bottora of the
heat storage bin. These blocks are spaced
apart slightly to let the air out into tle warm
stones and beneath the warm 1tank o; water,
The air is warmed as it moves by devious paths
through the stones, and then is piped to the
rooms of the home to warm them.

During periods of several sunny days the tank
of water and surrounding stones willbec>me in-
creasingly warmer until enough heat is stored
to keep the home warm for up to sever. cloudy,
moderately cold days.
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mount of power, A 1/6-HP pump was used to
carry water up to the north roof at night during
the summer. The water was distributed by a
perforated copper pipe at the crown of the roof
to flow down over the no-th roof like rain,
As
radiation to the sky, and contact with the cool
night air. The cooled water, collected in the
house roof gutter, was returned to the 1600-
gallon tank where the cooled tank of water cooled
the surrounding 50 tons of stones,

On hot days a thermostat turned onthe blower
to withdraw warm air from the home, filter it,

it flowed it was chilled by evaporation,

rooftop cooler was as high as 25,000 B.T.U. per
hour, poughly equivalent to two tons of cooling
but using 1/6 HP instead of 2 HP as in con-
ventional air conditioning units. However, when
nights were calm with little wind, humid, cloudy,
and warm, very little cooling of the water was
possible. Then, the system had to draw on
"coolness' stored from previous nights, For
specific cooling data and further detailed infor-
mation about this system see ''Solar Space
Heating and Air Conditioning in the Thomason
Home," Harry E. Thomason, Solar Ernergy
Journal, Vol, 4, No. 4, Oct., 1960, pages 1.-19,
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"Solar House No 2 was constructed in 1960, a year after No 1, The"
newer house was a 2 bedroom version having 1000 sq ft of floor space
with approximately 675 being heated.,,. The iolar heat collector on
House No 2 has an area of 560 sq ft instead of 849 sq ft as in House
No 1, However, No 2 has a 336 sq ft aluminum reflector extending out
from the bottom of the solar heat collector, Additional solar heat is
reflected up onto the collector to increase heat output by 15 to 30%
+es. instead of using rooftop cooling of the water for air conditione
ing, a simple 3/4 HP air-cooled compressor unit is used, The compress-
or operates at night to extract heat from the 1600-gallon tank of
water and to discharge the heat through the condenser to night-time
air, Thus, as compared with conventional air conditioning units,
approximately twice as much cooling per hour is possible and only half
as much electricity is used per Btu of cooling produced, This system
was described in detail in the article, 'Solar-Heated House Uses 3/4
HP for Air Conditioning,' Harry E Thomason, ASHRAE Jourpnal, Nov 1962,
PP. 58-62," (SHAS - 13)
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data. The third house was designed to be more
attractive, to incorporate many of the previously
tested desirable features and to provide a tesi-
ing ground for others. Some of its features can
be revealed but others must be kept secret.

The thirdhouse is T4 feet longand 44 feet wide,
It has seven heated rooms (4 bedrooms) and
2-1/2 baths, Ithasanenclosed solar-heated pool,
sun porch, garage-workshop, laundry room,
pump room and attic, It also has a recreation
room, bowling alley and archery-rifle target
range, Total usable floor space in the home is
approximately 3,400 square feet, not including
attic storage space. The seven rooms and two
baths which are heated have about 1500 square
feet of area,

A steep roof section cver the attic supports
the salar heat collector. Large collector panels
are used, each being four feet wide by sixteen
feet high. Corrugations, 2-1/2 inches apart,
channel the water as it flows down from the top.
Reflective foil and glass fiber insulation are
used beneath the black corrugatedheat collector
sheet. Glass panes are encased in aluminum
frames to cover the collector sheet,

The solar-heated pocl and sunporch are
located along the south side of the house and
are covered by a slightly sloping roof section
approximately 15 by 40 feet. A reflective alu-
minum roof is used so that much of the low
wintertime ‘sun will be reflected up onto the
solar heat collector. This reflector is not
visible from the ground, but functions similarly
to the reflector used at Solar House No. 2. An
open railing around the reflector-roof adds a
touch of colonial styling, yet lets most of the
sunlight in to the reflector and collector.

By keeping the solar heat collector and re-
flector up on the roof, landscape sarubbery and
shade trees 30 to 50 feet high cause very little

interference to incoming sunshine. Further
details of this house are given in "A Solar
House Completed -- Another Begun,' Harry E.
Thomason, Sun At Work (magazine). Fourth
Quarter, 1963, pages 13-18,

The water fromthe swimming pool may be cir-
culated through a portion of the solar heat collec-
tor and warmed. The heat output of 20% of the
collector panels is sufficient to keep thisindoor
solar heated pool warm nine months of “he year,
whereas an unheated open pool can normally be
used only about three months a year atthis loca-
tion on the outskirts of Washington, D,C. The pool
is 11 x25feet, and 3to 5 feet deep. Holding 6,000
to 7,000 gallons of water, it is completely lined
with beautiful mosaic patterns of colorful ceram-
ic tile., Obviously the pool enhances the value of
the home, and the free solar-heating feature is
an additional bonus.

Junmen SOLAR HOUSE NO. 3 -- OPERATING PRINCIPLES

- -
. Winter
/"/ - Sunrays at 2 strike collector A directly, rays 3 reflected
L"/ ’ P - onto collector by reflector roof B, rays 4 enter sunporch
11 through glass to warm interior at 5 to "insulate' house
. 1-2/* ‘f//J //; wall C by low-temperature heat,
o V127 Summer
~ “
= 5*‘31/. , High-angle sunrays at 6 striking reflector B are "bounced”
cLAss skyward while rays 7 do no enter windows, porch-pool
Poce. area remain cooler. l
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Shade trees 35 to 40 feet high, only
50 feet away, have little adverse ef-
fect on the new solar house.

HOUSE NUMBER 4

Solar House No, 4, built by Thomason Solar
Homes Inc., is of inexpensive Swiss Chalet
(A-frame) design, Low-cost ''pancake' heat
storage equipment was placed under the floor,
(A shallow pond of water with Polyethyleneliner
and cover, and insulation below and above, form-
ed the "pancake’ design,) The heat collector was
of very low-cost construction, utilizing black
asphalt shinglesasthe solar heat collector sheet,

The low-cost solar heating system and the
low-cost A-frame house design appear compat-
able for a low-cost cottage or secondary home,
However, there are problems to be overcome,
No pinehole free Polyethylene could be found for
the pancake heat storage tank liner (other
materials are more costly), Efficiency of the
black asphalt shingles is a little lower than for
black corrugated aluminum, andleakageis more
apt to occur, Alore resecarch and development
will determine what features are worthwhile in

FLOGA Pran

594" AB"

74’

(D) FLOOR PLAN

OTHER SOLAR HOUSES

In Mexico a fine large home was built with
a small solar heating system. The volcanic
pedregal was too hard to dig for a large heat
storage bin, the heat collector was too small,
and no insulation was used in the walls of the
large home, Therefore, the solar heating system
is too small to supply the major partof the heat
load, In India a new system by Thomason is
being tested for a flat roof building.

A firm in South Carolina planned to build
Solar House No, 5 in 1965; but the project was
abandoned since financing could not be obtained,
In Warren, Vermont, University of Pennsylvania
architectual students have begun the largest
solar heated dwelling in the world: a condomin-
ium for five or more families, "' Thomason Solaris
System' will provide some solar heat; but,
under the adverse conditions of cold, cloudy
weather the percentage of solar heatis expected
to be low. The total annual fuel saving could be



TABLE 4.6.

APPENDIX 1113

Heating Season Climatic Data

Compiled from Records of the U. 8. Weather Burcau and Other Sources

City
Birmingham
Phoenix
Little Rock
Los Angeles
San Francisco
Denver
Washington
Jacksonville
Atlanta
Lewiston
Chicago
Indianapolis
Sioux City”
Dodge City
Louisville
New Orleans
Boston
Detroit
Minneapolis
St. Louis
Billings
Linecoln
Santa¥e -
Buffalo
New York
Raleigh
Bismarck
Cleveland
Oklahoma City
Portland
Philadelphia
Charleston
Knoxville
El Paso
San Antonio
Salt Lake City
Lynchburg
Seattle
Milwaukee
Cheyenne

Average
Tem-
pera-

ture,

Oct. 1-
May 1
53.
59
51.
HR.
a1,
39.
43.
61.
5l.
42,
36.
40.

Q9

s 7

40.

45

61.
37.

35.

29

43.
31,
37.
38.
34.
40.
49.

24

36.
48,
45.
41.
56.
47.
53.
60.
40.
45.
45.
33.
33.

C.DOC»«‘l\’)ONCO@@@G@L’*’-IC«:\'GC*IWQ%CZUI.I\DI*Q'—“O#UI#:DNC&G:'

Lowest
Tem-
pera-
ture
—10

16
—12
28
27
—29
—15
10
— 8
—-13
~23
—25
—-35
—26
—20
7
—~18
—24
—33
—22
—49
—29
- —13
—21
—14
-2
—45
—18
—-17
- 2
—11
7
—16
- 2
4
-20

- |

—-25
—38

Design
Tem-
pera-

ture
Sug-
gested
by TAC
21
31
21
32

0
14
31
22

-3
2

(V™)

|
—

|
—
NN e S ©

Average Direc-

Wind tion Nor-
Veloe-  of Pre- mal
ity,  vailing Dcgree
Dee., Wind, Days,
Jan.,, Dec., Total .
Feb., Jan,, for
mph Feb,  Year
8.6 N 2618
3.9 K 1446
9.9 NW 3005
5.1 NE 1390
7.5 N 3143
7.4 S 5863
7.3 NW 4568
8.2 NE 114!
11.8 NW 5002
4.7 E 4924
17 SW 6287
11.8 b} 5487
12.2 NW 6909
10.4 NW 5077
9.3 SW 4428
9.6 N 1208
11.7 w 5943
13.1 SW  65%0
11.5 NW 7089
11.8 NW 4610
12.4 w 7119
10.9 N 6010
7.3 NE 6124
17.7 W $5935
13.3 NW 3306
7.3 SW o 3281
9.1 NW 8969
14 .5 SWo 6171
12.0 N 3608
6.5 S 4379
11.0 NW 4749
11.0 N 1870
6.5 SW 3665
10.5 NW 2538
8.2 N 1424
49 SE 3637
5.2 NW 4082
9.1 SE 1564
11.7 A\ 706
13.3 NW 7549

<«



TABLE 4.1. Conductivities k, Conductances C, and Resistances R of

- .~ Building and Insulating Materials—Design Values* - -~

Theee constants are expreased in Btuh per'sy It per deg F tempersture difference.
Coaductivities & are per inch thickuess and cunductances C are for thickneas or construetiun stated,
= 4 not per inch thickness,

N |
s
] Density, EB B
- ‘ _aly o () G
Material Deseription : cu ft) & [/} '3 C
Position Heat Flow Thickness
Horisugtal Up {4 in. —_ —_ 1.18 — _0.85
Sloping (46°) Up Hin. - —_— .11 — 0.9
Yertical Morizontal {-4 io. -_ -_ 1.03 — 0.97
Sloping (45°) Down -4 in. -_— —_ 0.7 — 1.03
Horizontal Down {in." — -— 0.08 — 1.02
Hurizontal Down 8in. — - 0.80 — 1.25
Air surfacest Pusition Heat Flow
Beill mir Hurizontal Up — -— 1.3 — 0.61
Up Sloping (45°%) Up -_— —_— 1.60 — 0.02
Yertical Horizontal - -_— 1.46 — 0.68
sloping (43°) Down - —_ 1.32 — 0.76
Horizontal Down _ -_— 1.08 — 0.92
15-mph wind Any pusition —any direction —_ -— 6.00 —.  0.17
7)-nph wind Any positivn—any diréction — — 4.00  —  0.25
Buildiag boardd : :
-Boands. Gypsum or plasterboard . {in. 50 -— —  0.32
*Jands Gypsum or plasterboard 4 in. 50 - — 0.45
sheathing ete.  1'ly woanl 31 080  — 1.2 —
Hud-lLing parer Vi penmeabile felt — — 18,70 — 0.06
Viwar csenl 2 luvers of mopped 13-
1 —_ 83, — 0.12
Vaper oseal, pdustie tila ~ —_ — - —  Nepl
I Liniring vk 120 -— — 004
Materials - tile —_ — —  0.08
Curk nle -— — — 0.8
- wood subitoor — —_— — 0.78
ter of plustie tile 110 - _— ﬂgi’,
= lerazzn —_ — —_ 0.
B Wosd subfloor - - — 0.8
Wond hardwond Ginish - — -—  0.68
Ins.latime Cutten fibers 3.8 —
Materiais ral wool, fibrous formn, processs|
Hlana-r amd Trut roch, slag, ur s 3.70 —
batt hert 4.0 —
Hoard T 4.00 —
Vouvstieal tiled iin. - 1.19
stisthing limpreg. or coated) 2.63 —
Hoar \ ani Culivdwr glass 200 —
slabas 1Pastic foamed) 3.45 —
Lo 52 Minezal wool (elans, elug. or rock) 3.33 —
Vernowenlite fexpanded) 208 —
Root wamcasun ALl 1wy
Prifonued, fur use abouve deek
Apaprux. 1in. —_ —_— 0.3 — 2.78
A} prux, - 2 in. _ _ o1y — 6.2
Apprus. 3in. — —_— .12, — 8.3
Masoary Cenent mortar Coons 500 0 — 0. —
Matermks Lighaweight ageregutes. including ex- 120 5.2 —_ 0.1y -
U vacretes pandeg alule, vlay slate; ex- 11 a5 —_ 0.40 —
panded sags; cinders; puwice; 10 1.15 — 0.8, -
perhite: vermiculite: slso edinlar 20 0.70 — 1.43 —
Counreoies &
SaLd sud gravel or stunc uggregate (nog
vt dived) Mo 12w — 00k —

APPENBIX 1)

e« = TABLE 41 (Continued) = - nah g ©

i .

S B ! i Denaity,
AR EE Y. . Obper
Material e Description . - euft) -
Masonry : Brick, scommen 4 7 120
Units . Brick, face LI 130
d . . Clay tils, hollow : .
-1 cell deep . 4ln. — - 090 "— 1.11
2 cells deep oA 8in, — —.., 084 -~ 1.88
38 cells deep : 12in. - — — 0.0 — 280
Concrete blocks, three oval core - 1 8 .
Band & gravel aggregate 4in. —_ o — 1.40 — 0.71-
. 8in. —_ - 0.0 — 1.1
b 12in. - — — 0.78 — 1.28
Cinder aggregate 4 in, _— - 000 — 1.1
. Bin. —_— — 0.8 — 1.72
12in. - - 0.53 — 1.8
Gypsum partition tile:
3 X 12 X 30 in. 4-cell - - 0.74 — 1.35
4 X 12 X 30 in, 3-cell —_— _ 0.60 — 167
Plastering Cement plaster, sand aggregato 116 5.00 — 0.20 -
Matcrials Gypsuin plaster:
. 8und aggregate 105 560 — 0.18 —
Sand aggregate on metal lath § in, = —-— . 1.70 — 0.13
Lightweight aggregate 43 1.50 —  0.87 —
Lightweight agg. on metal lath } in. - —_ 213 —  0.47
Roofing Asphinlt roll roufing 70 — 6.5 — 0.15
Asphalt shingles - . 70 — 2,27 — 44
Built-up ruofing 1in. 70 - 3.0 -- 0.33
Sheet metal - 400+ -~ Negl
Woenl shingles — —_— L — 0,04
Biding : Shinglis
Matcrials Wouwd, 16-in. 7§-in. exposure - — 1.15 — 0.87
(On flat sur-
face)
Siding :
Wounnl, drap, 1 X 8 in. — - 1.27 —  0.7%
Wound, bevel, § X B in., lapysed — — 1.23 — 0.51
Woul, bevel, § X 10 in., lapped —_ -_ 0.9 — 1.05
Wool, plywowl, § in., lupped — - 1.5% — 0.5
Womds Muple, vak, und similur hardwomds 45 1.10 -— 0.91 —
Fir, and similar softwods 32 0.8 — 1.25 —

* Representative values for dry mnterials at 75 F mean temperature, selected by the ASIAE
Technical Advisory Committee on In ley are inten. design not specitication)
values for 10u of building eonatrue in wormal use,  Lor ivity of a particular prod-
uet, the user muy obtain the vabie supplicd by the wunufact irer or seeure the resnlts of unbiased
tcurs.

b Air-spaee resistance values shown here are based on & wempetature ditference of 20 F aud o mean
temperuture of 50 F for spaces fueed both sides wath ordinary ner «fretire materialy,

© Surfuce resistance values shown here are for ordinars now e tire marerinls

4 See alsn Ingulating Material rd,

® Includes paper backing and facing if any.

! Insuluting values of acoustieal sle vary depending on density of the board and on the type. size,
and depth of the perforatiuns.

& The U, 8. Department of Comineres * Simyditied Practi Y lutivn for Theriual Con-
ductunee Fuetors for Preformed Above-Deck Roof Insulation 3. recunizes the specifi-
cation of ruof ingulution on the basis of the € values shown, ' m ik de in thichnesn-s
10 meet 1 v e Pherefore, thickness sappdied by diTerent samilactarerss o v ary depemds

i on tie & vadue of the particular matenal
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Table 3.4. Solar Absorptance (1.0-Albedo) and Long-wave Emittance of Variov

' Surfaces (IUSE -5i)

Bolar Long-
absorp- wave
Material tance |emittance,
(0.3 to 2.5 | « (2.5 mi-
microns) | orons up)
“Hohlraum,” theoretical perfectly blackbody .......... 1.00 ¢ 0.99 +
Magnesium carbonate, MgCO; (white reference, solid)...| 0.04 0.79%.
Water (1.0—single surface reflectance, i = 60°).........| 0.94 0.95-0.96
Ice, with sparse snow cover; sheet.................... 0.31 0.96-0.97
Enow, ice granules (approximate }$2-in. diameter) 0.33 cale. | 0.89
Bnow, fine particles like frost; fresh, brightest. .. ... vooo| 013 0.82
Frozensoil............................. s e B e s 0.93-0.94
Band, dry playa; Monterey powdered................ .| 0.45% 0.841
Desert surface. .. ..........oueirineeenenennnnsann.n 0.75 Approx.
Band, Qey.coiiiiinsii e e e ve..] 0.82 0.90
Band, wet. ..o sasinsnasin avsies e o s mene 0.91 approx.
Moist ground, 70-95 per cent bare.................... 0.88-0.91 0.95
Ground, dry plowed. . ......0ooiiiniiiinnannennnns 0.75-0.80
Grass, high, dry. ...... ... iiiiinnni.. 0.67-0.69 || approx.
Comuon vegetable fields and shrubs. ................. 0.72-0.76 || 0.9
Common vegetable fields and shrubs, wilted . . ......... 0.70
Oak leaves (1.0—reflectance, at 0.6 and 3 microns). .. .. 0.71-0.78 | 0.91-0.95
Alfalfa, dark green...........ovviiiiiiennnnnnnnnnnns 0.971 (0.95)
Oak woodland.............coooviineinnnnnnnnin, 0.82 [approx.
Pineforest..................cccoovuun.... R — 0.86 0.9
i 0.95
Plaster, white. .. ... R A R e S S 2 0.91
Bricks, red. ...... R R R R R TR RS e S 0.92
Conerete. . ........oooiiiuiei i 0.88
Asbestos slate.............. ......... ... ... ... . 0.96
Linoleun, red-brown. .. ................. ... ... .. .. .. 0.92
Wioid plansdoak oo comms s s EUE ETEES + e V.80
Glass pane* (solar = 1.0-2 reflections, i 0.94
White paint (0.017 in. on aluminum).................. o
Black paint (0.017 in. on aluminum). ................. 0.94-0.98 | 0.88
Aluminum paint, bright, new. . .................... ... 0.20 0.43
Aluminumfoil ... ... ... .o 0.15 0.01-0.05
Aluminum combination finish (at 0.6 micron); new.. ... 0.32 0.10%
Galvanized iron, clean, new. . ........................ 0.65 0.13%
Galvanized sheet iron, gray oxidized. .. .. ... ... .. .. .. 0.8) 0.28

. Key

| - Slate composition roofing

2 — Linoleum, red brown
3 - Asbestos slate

4 — Soft rubber, gray

5 — Concrete

6 — Porcelain

7 = Vitreous enamel, white
8 — Red brick

9 - Cork

10— White dutch tile

I = White chamotte
12 — MgO, evaporated
13— Anodized aluminum
14 — Aluminum paint
15— Polished aluminum
16 — Graphite

The two dotted lines bound
the limits of data on gray

* Absorption of solarenergy in double-strength pane is approximately 1 per cent.
1 Culeulated from spectral reflectance, assuming Moon's standard solar-en-

cergy spectrum for airpath = 2.0,

¥ Caleulated from speetral reflectance, assuming that the 153-m determination

applies at all longer wavelengt hs,

paving brick, asbestos paper,
wood, various cloths, plaster

of paris, lithopane and paper.

Individual values for these

materigis are shown for the
temperoture of the surface
of the sun.

Absorptivity
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Fig 1.2.  Absorptivitics of various materials for radiation originating at temperatures
ranging from approximately room temperature to the temperature

of the sun. (IUSE-GI)
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APPENDIX V

*Examrpre: 1 ft-lb = 0.1383 kg-m.

) _ Energy or Work Equivalents o Thermal Conductivity
’ : . 2 % Metrio | . . f oo T MWM Watts per Calories per hr
Kilogram- |- Foot« . :‘.‘l‘t‘ horse | Hofse| Liter- | “Kilo-, British persq em #q cm persqem .
Jonilen meters . pounds i} hours | Dower-- - RO ;hmern "éalories r-bm«mlu per em per cm per em e
’ - i " | hours - Lm o B T deg C per deg C perdeg C
T 0.10197 0.7376  |0.02778 ([0.0:3777 |0.0,3725 0.0098690.0:2388 |0.0:9478 1 4.187 3,600
1.00848 | T.86780 . (7.44370 (757711 |7.57113 (5.00427 187808 (1.97670 0.2388 1 860
: _ L e 0.0002778 0.001163 1
5.806565 ; 1 | 7.233  -10.0:2724 [0.0s37037/0.0,3653 |0,09678 0.002342/0.009295 0.004134 0.01731 14.88
. 0.9915207 - 0.85032 |B.43621 (6.56863. |B.56265 |2.08579 |3.36961 |B.96828 0.00001435 0.00006009 0.05167
1.9% 0.1383 el [0.043766 [0.0651206/0.0:50505(0. 01338 {0, 03238 [0.001285
0.13220 T.14088 . i 7.67500 |7.70032 (7,70333 (2.12647 4.51020 (3.10800 Thermal Conductance
v oB0 X 108 | 3.671 X 108 | 2,655 X 100 1 7013596 (1.341 | 35528 | -8%9.9 | 3412 = :
| 8.55630 5.56478 6.42410 |-~ 0.13342 |0.12743 ' |4.65057 |2.08443 |3.53308 Calories per sec Watts per sq cm Calories per hr Btu per hr per Btu per day per
) : ; Per 8q cm per e de"g per sq cm per #q ft per #8q ft per
1.848 X100 [ . 270000 | 1.9529 X 100 iu.'ms 1 Iu.ms " 261311 832.4 :ml deg C deg C deg F deg F
5.43136 6.20068 .86658 | 99401 |4.41715 |2.80008 (3.3006
6 42258 '; - 4.187 3,600 7.373 176,962
10849 X 108 | 2.7375 X 108 | 1.98 X 10¢ | 0.7457 | -1.0139 1 26493 | 641.2 | 2%44° : ] 860 1,761 42,267
2887 5.43T: 6.20667 * |1.87356 |0.00598 4.42314 |2.80609 (3.40857 0.0002778 0.001163 1 2.048 49.16
s. 3 7 0.0001356 0.0005678 0.4882 1 24
191.93 10.333 74.74  [0.0.2815(0.0,3827 0.0,3775 1 [0.02420 |0.09604 0.000005651 0.00002366 0.02034 0.04167 1
7.00873 1.01421 1.87353  [B.44952 |B.58284 (5.57686 | 3.38382 |3,08246
aer - 826.9 . 3088 0.001163,0.001581 /0.001%60 |° 41.32 | 1 3.968 Heat Flow
3.62191 2.63036 :.3.48071 - (3.06558 (3.19002 (3.19304. |1.61818 | - |0. 58861
Hhae T g EHIERIEL S e M S = Calories per sec Watts per sq Calories per hr Btu per hr Btu per da:
1955 107.6 778.2  [0.0:2931/0.0:3985 |0.0:3930 | 10.41 0.25200 1 y
3 02300 2.03178 2.89110  |7.46607 |7.60042, (1.50444 (1.01757 |1.40130 i om P om Pt i i g
) - 1 4.187 3.600 13,272 318,531
- . - g.ggggﬂg I 860 3,170 76,081
I » . 0.001163 1 3.687 88.48
Converslon of Energy, Work, Heat *. 0. 00007335 0.0003154 0.2712 1 24
.000003139 0.00 |
Ftlb Kilo- Kilo- Kilo- 00001314 0.01130 0.04167 |
to gram- Ft-lb Btu gram- calories Joules Calories .
kilo- meters to to meters to to kilo- to to
gram- to Btu ft-1b kilo- gram- calories joules
| meters ft-lb calories meters
1| 0.1383 7.233 | 0.001285 778.2 | 0.002342 426.9 | 0.2388 4.187
2 | 0.2765 14.47 | 0.002570 | 1.556. 0.004685 853.9 | 0.4777 8.374
3 0 0.4148 | 21.70 | 0.003855 | 2,334. 0.007027 | 1.281. 0.7165 12.56
‘4 0.5530 | 28.93 | 0.005140 | 3,113, 0.009369 | 1,708, 0.9554 16.75
5 0.6913 | 36.16 | 0.006425 | 3,891, 0.01172 | 2.135. 1.194 20.93
6 08295 43.40 | 0.007710 | 4.669. 0.01405 | 2,562. 1.433 25.12
7 | 0978 50.63 | 0.008995 | 5.447. 0.01640 | 2.989. 1.672 29.3]
"o 1106 57.86 | 0.01028 | 6,225. 0.01874 | 3.415. 1.911 33,49
v 1244 65.10 | 0.01156 | 7.003. | 0.02108 | 3842, 2.150 37.68 (SHF - 83,84)
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Py + PRI = . o e . . . DR . . : !
i S S 2::00 & BTU./DD “r’u.s.e’ St N R tions based on normal solar and temperature data at Denver, Colo., latitude 10° for
; ‘ REARRSE BN Pi diver Baramieter Valuss building having heat requirement of 22,500 Btu/degree day, equivalent to 61,000
1.00 TTTI 7 ArBICE rqde g R LI Btu/hr at zero degrees outside temperature.  Heat storage assumed adequate to smooth
e H', dKca il k20 ‘[f : fluctuations within each month; performance based on overlupped-plate collector with
P 21t .3 N . . . - . N
s i : Py ;: T;: i N Z,' I t single covers, four sections in series, operated at air rate of 1.5 ft3/min per square foot
i PRESF BN P N PR
RN aw H\"él" s of colleetor.
S BNBERDES R S SSRE : ; : . . ol earr
‘”L‘L'LT'T“TT"."T . T Curve A Ordinary glass collector, -1/5 of 6000 deg.-day annual loud carried by solar
Hih e ot pro AATEEEEE SEREISSS svsten.
:—i NS } S o sl fr: L Curve B Low refleetivity glass ('ollf‘gig)r, 4/5 of 6000 deg.-day annuad load earried by
P - e e (R A - .
3'*%;‘ 'H%; L"I",’ i ;!;‘,“ii ; solar systen,
ST ESREat Curve C Ordinury glass colleetor, 273 of 6000 deg.~day wnnual load earried by solar
4] 20° 10° L

svstem.
Curve D Low-reflectivity glass collector, 2/3 of 6000 deg.-day annual load carried by
Figure7 solar svstem.
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