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Peter von Dresser was born in New York City, son of a portreit
painter and a writer. He atfended Cornell University, later became editor
of Astronautics, Journal of the American Rocket Socziety. As a member of
the Experiment Committee he kelped develop the first successful regenera-
tive liguid-fuel rocket in America. {His papers from tiis period are now in
the Smithsonian.) By the 1930s he was building solar water heaters in Flor-
ida. In 1958, in Sante Fe, he built his first solar-heated house, one of the
twe oides?, continuously operating solar houses In the U.S. He and his wife
now live in o receatly built suntempered house in northern New Mexico.

An early and articulate defender of the environment, Peter van Dresser
is a frequent speaker ot universities ond conferences, most recently in
London at the International Conference on Solar Building Technology. His
first book, A LANDSCAPE FOR HUMANS, has become a primer for planners
ond a text for students throughout the world.

Peter van Dresser was on ecelegist before the werd entered the main-
stream of the language. Me continues, in this new book, to spell out prac-
tical methods by which individuals in any region can help preserve our nat-
ural resources and the best of cultural traditions.

ABOUT THE BOOK. ..

HOMEGROWN SUNDWELLINGS Is the entgrowth of two years of re-
search and experimentotion by a team of architects, engineers, physicists,
designers and builders, funded by the Four Cormers Regional Commission,
under sponsorship of the Ghost Ranch Conference Center, Abiquiu, N.M.
The major thrust of this program was the development of low-cost, low-
technoloyy, solar-hected dwellings suitable for comsiruction by owner-
bullders using native materials, A number of demonstration cottuges were
built aud will be monitored during several heating zeasons by the Los Ala-
mos Scieatific Laboratory. The mein purpose of this book is to show how
solar energy can be harnessed by simple metheds, and how the use of re-
newable emergy sources can help ease the fuel crisic, improve ecomomic
conditions, and protect land, air and water agains? the menace of pollution
—not only in New Maxico but wherever the sun shines.
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To FLORENCE

Readers of this book are advised that, while every effort
has been made to present only well-esiablished informa-
tion on the general characteristics and performance of
simple suntempered buildings, it does not presume to be an
architectural or enygineering lext. There are $0 many vari-
ables involved in this field including those of site and local
climate, material used and the builder’s level of craftsman-
ship and design sense that considerable variation may cccur
in lhe levels of efficiency or effectiveness of structures
erected in accordance with the principles outlined. Compe-
tent architectural or engineering advice for detailed aralysis
and design of any proposed dwelling may offer some insur-
ance against such possible variations.
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Foreword

THE RECENT FLOOD OF BOOKS and articles on solar energy for
buildings has been paralleled by a swelling interest in the own-
er-built home. These two themes are uniquely fused in Home-
grown Sundwellings—an everyman’s guide that could easily be-
come a textbook for the beginning professional in the arts and
sciences of buildings. It is intended as a handbook in simple
language for the intelligent homeowner—and we are all home-
owners to the extent that we control the form and operation of
our own dwelling. But we must examine our intelligence when
looking at our own ali-too-often frail homes and the kind of
consumptive buildings so often recommended by the bounty of
our energy intensive industrialization.

The concept of Homegrown Sundwellings is not an idle
theory but an extension of existing and thriving practices. The
concept is firmly rooted in the living construction traditions as
well as the socioeconomic circumstances of a natural ecological
region—the uplands of northern New Mexico. But by being so
pertinent to the particulars of a unique place it reveals princi-
ples of universal applicability. Although the intention of the
Sundwellings program is to “strengthen a grassroots movement
in New Mexico towards self-help solutions” it becomes a dem-
onstration of both concept and process in developing a mature
house culture anywhere.

The universality of the Sundwellings concept is implicit in
its two ingredients. Adobe has been the universal building tra-
dition of every great early civilization and centinues to be the
substance of the man-made environment throughout most of

(21



10 Homegrown Sundwellings

the arid and semi-arid world. And the thermal principles of
adobe can be transposed to its more complex masonry cousins
—the brick or cut stone of many regional traditions, or the
poured concrete or unit masonry of industrialized building. The
other ingredient, the energy of the Sun, is the constant of ocur
earthly existence. It is the only universal energy source. It is
also the ultimate renewable energy source.

The popularity of solar energy, especially as a domestic
idea, must inevitably encourage the reconsideration of the form
and material of the house. Both the mammoth solar research
contracts financed in the millions by federal agencies and the
back-of-the-envelope studies by one-man contractors come to
the same conclusion—that solar energy hardware makes little
sense either thermalily or economically on a poorly designed
building or when not closely tuned to local climate. The impor-
tance of energy conservation and of climatic appropriateness
are thus among the premises of an emergent solar energy dis-
cipline.

The Homegrown Sundwellings concept takes these con-
cerns beyond the range of comfort and costs to an ethical is-
sue. To construct using renewable resources is not a sentimen-
tal fad in an area without exportable products tc pay for im-
ports. To build and live in accord with nature in a region con-
sidered economically underdeveloped is not wistful romanti-
cism but a question of the style of survival. In a low cash econ-
omy it is the interactions of human resources with the immedi-
ate materials of the land that provide for the richness and full-
ness of life. Sundwellings are not just thermally efficient build-
ing shells. They are the comprehensive expression of a complete
way of life.

Although the Sundwellings program is based on extending
a living tradition through active demonstration, this handbook
provides no crisp formulas. It is not a “cookbook” of house de-
sign recipes. Nor does it provide ideal mode} plans. But by de-
mystifying the sometimes scientific overtones of solar appli-
cations, it provides a clear introduction to the thermal ba-
sis of building design that is now known as passive solar. The
idea of a simpler, cheaper dwelling that is both longer lasting
and more fulfilling is a universal goal shared by Sundwellings.

Scientific researchers will be amazed that so much has
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- been accomplished on such a modest budget. Sociologists will
be pleased with the degree to which this housing solution is
based on human interactions. The seif-confident will admire the
streak of self-reliance that provides both manual muscle and
ethical sinew to Homegrown Sundwellings. Architects and en-
gineers who, in spite of the best of intentions, have seldom
effected much impact on the fundamental problem of satisfac-
torily housing humanity will be delighted by the integration of
principles where the total building becomes an instrument of
comfort. Urban readers will surely suspect that the rural con-
text of these proposals romantically avoids the issues of a post-
industrial society. In fact, Sundwellings benefit from a region
neglected by industrialization. Some would call it a rural slum.
But an overlooked backwater of industrialization may be pre-
cisely the nesting ground for a vanguard of post-industrial pro-
totypes—both in dwelling concepts and in settlement patterns.

The dweliing is the nest egg of society. The integrity of
climatic and sociceconomic principles within the design of a
dwelling is also the key to the integrity of a region. Home is
where the hearth is. It is the place of genesis of human values
and the repository of life’s joy. It is also the generator of com-
munity. For its region Sundwellings would secure a complete
future and a model of ecological and human integrity.

JEFFREY CoOK

College of Architecture
Arizona State University

January 4, 1977




Preface

THE SUNDWELLINGS PROGRAM of which this publication is
an outgrowth, was launched in mid-1974 by the Four Corners
Regional Commission. It was conceived as a means of working

with and strengthening the grassroots movement in New Mex-
" ico towards self-help solutions to the mounting problems of
shelter, energy and food shortages. Intelligent use of univer-
sally available natural resources (mainly sun, earth and tim-
ber), and of the traditional skills of the citizenry, were the
keynotes of this movement. It was hoped that systematic study
of its achievements, coupled with a measure of technical analy-
sis in the light of modern scientific developments in solar archi-
tecture and related technology, would help enrich this move-
ment and increase its effectiveness in coping with the basic
economic problems of many people in the State.

The funding (in the amount of $34,000 over a two-year
period—see Appendix A) was channeled and administered
through the Ghost Ranch Conference Center nea: Abiquiu in
the Chama Valley sector of Rio Arriba County. The reasons for
this were severalfold. The Ranch is a non-profit institution with
a long-standing record of integrity. It is situated pretty much
in the heart of the extensive northern New Mexico uplands re-
gion where the tradition of self-sufficiency and basic livelihood
skills is still strong. And the Ranch staff has considerable ex-
perience in administering cooperative programs with local peo-
ple in such fields as ranch management, animal husbandry,
craft training and village development.

Under the general supervision of the administrative staff

[131



14 Homegrown Sundwellings

of the Ranch, the Sundwellings program was placed in the
hands of a team consisting of engineer-physicists, architects,
and solar researchers and experimenters—most with long-term
concern in this field and a personal familiarity with life and
livelihood in rural and village New Mexico. Various consultauts
were also involved from time to time.

The total output of this team, during the scant two years
of its activity (much on a part-time basis), is embodied in tech-
nical papers, reports at conferences, and architectural drawings
and schematics. Since the material is voluminous we have not
attempted to use it in its entirety. A good deal, however, is con-
tained in a series of quarterly reports and accompanying draw-
ings prepared for the Four Corners Regional Commission and
totals several hundred pages. They are also on file with the New
Mexico Solar Energy Association. See Appendix B.

During this same period the team also designed and ar-
ranged for the funding—through the New Mexico Office of
Manpower Administration—of a demonstration-fraining project
for the construction of a small group of suntempered buildings
of native material. These are being completely instrumented by
the Los Alamos Scientific” Laboratory. Thermal performance
during several heating seasons will be studied exhaustively.
This is probably the only research and training program of this
kind in the nation.

At this writing some 20 young citizens of the region are
being frained in the practice and theory of energy-conserving
construction adapted to the needs and resources of New Mex-
ico.

Besides these demonstration and test cottages, one com-
plete dwelling was designed by the author in cooperation with
the team and is under construction. This dwelling is situated
in the village of El Rito, Rio Arriba County, New Mexico, and,
although privately financed, has been medestly subsidized by
the Four Corners Regional Commission. It will be open to the
public during and after construction on the first and last Sun-
days of each month beginning April 1977 through March 1979
between the hours of 2 and 5 p.m. See Appendix C for this and
other house designs.

We trust this handbook will make a useful contribution
towards grassroots competence in low-cost, energy-conserving,
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Preface 15
self-help livelihood technigues in our own State and wherever
else in the world suitable conditions exist.
PETER VAN DRESSER
Santa Fe, New Mexico
February 10, 1977
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Solar Energy—A Natural for New Mexico

IN THE FACE OF ever-mounting costs of fuel gas, fuel oil and
electricity, more and more people are giving serious thought to
using solar energy in their struggle to make ends meet.

In New Mexico—particularly in the uplands and moun-
tainous regions—solar energy makes good sense. These regions
hav> severe winters which make it difficult to keep our homes
and work places warm. Yet we live under a flood of warmth-
bearing sunlight unmatched in most parts .~ *he country. We

Must a Solar House be so Complicated?
[2t}




22 N Homegrown Sundwellings

also have a strong tradition of building competently in har-
mony with nature with siuiple native materials. The abundant
sunshine and simple building materials have helped New Mex-
ico, in recent years, to become one of the world centers for ex-
perimentation in the use of solar energy, particularly at the
grassroots level of home heating. Within the past few years
several dozen dwellings using solar input for a substantial por-
tion of their energy requirements have been built from the
Albuquerque-Santa Fe area northward. The number increases
each year.

We are still at a very early stage of solar energy use. For
many the subject of solar heating remains a mysterious, diffi-
cult, yet desirable possibility. There is still a widespread im-
pression that solar heating is a complicated matter of large
aluminum, copper, and glass structures, intricate piping and
electronic controls which require an engineer to understand
and operate and a financier to pay for.

It is the main purpose of this book to correct this im-
pression and to show how solar energy can be harnessed by
simple means to ease the burden of living costs in the home.
The methods are well within the grasp of average homeown-
ers and home builders. A second purpose is to demonstrate
how New Mexican climate, natural resources, traditional cus-
toms and lifestyles are particularly favorable to the methods
explained herein. A third purpose is to show how the wide-
spread use of renewable energy sources can make a substantial
contribution towards easing the energy crisis and towards im-
proving economic conditions, particularly among lower income
people. This book also shows how these same methods can help
protect the lands, waters and atmosphere against the increas-
ing menace of pollution.



Saving Fuel at the Home Front

WE BEGIN THIS DEMONSTRATION with some statistics.* At the
national level the production of heat within our homes—in the
form of space heating and hot water—consumes 14% of our
entire energy budget. The sources are gas, 0il, coal, hydro or
nuclear power. In New Mexico this percentage is around 10%,
but it still results in an overall figure of 29.1 “T.B.T.U.s” per
year for residential heat and hot water. (One T.B.T.U. = one
trillion British thermal units, a standard measure of heat en-
ergy.) For present purposes, it may suffice to say that to pro-
duce 29.1 trillion B.T.U.s—29,100,000,000,000—it is necessary
to burn 22 billion cubic feet of natural gas, 290 million gallons
of butane-propane or to consume 9 billion kilowati hours of
eleciricity. Our householid heat requirements can eventually
be reduced one-half to two-thirds by relatively simple changes
and improvements in our home design and building practices,
resulting in an annual savings of between $20 million to $30
million, if we figure costs in terms of natural gas, our most
commonly used fuel. What these dollar figures may amount to
10 or 20 years from now hardly bears thinking about.

But how can our average homeowner and home builder
begin to realize such savings?

Generally speaking, there are two courses of action:

(1) The most obvious is to improve the weather-tightness
and insulating qualities of existing homes so that whatever

*Sources: Patterns of Energy Consumption in the United
States, Stanford Research Institute; Rocky Mountain Energy
Flows, Los Alamos Scientific Laboratories, 1974.

[231




24 Homegrown Sundwellings

fuel we burn in our furnaces, heaters or stoves will give the
best results at the lowest costs. The measures to accomplish
this are pretty well known to practical builders and to many
homeowners. For existing houses, they include weatherstrip-
ping, caulking of cracks, storm windows, insulating fill or blan-
ket for ceilings, walls, and crawl spaces, as well as more care-
ful attention to household management, such as thermostat
settings, the closing of curtains or shutters, and the proper
maintenance and adjustment of fuel-burning appliances. It is
not a principal purpose of this study to give. instruction in
these procedures, as a large and growing literature is available,
either in the form of pamphlets put out by various government
agencies or by privately published books.*

According to statements in this literature fuel savings of
up to one-third or even more may be accomplished by compe-
tent application of these simple measures and at costs which
will be repaid by fuel bill savings in a few years.

St.nilarly, in the matter of improving the weather tightness
and insulating values of new conventional homes built by the
building industry, this study will not attempt a detailed discus-
sion. Again, much attention is being paid to this subject by
government agencies and by construction trade organizations.
There appears to be a growing consensus that standards for
thermal performance of typical speculatively or commercially
built residences have been sacrificed in the past for low first
costs and that these standards must be considerably upgraded
to meet the mounting scarcity of cheap energy.

(2) The second major course of action to achieve effec-
tive energy conservation in our homes—and probably by far

*Some titles are: Low Cost Energy Efficient Shelters, by
Eccli, Rodale Press, $5.95; In the Bank or Up the Chimney? U.S.
Department of Housing and Urban Development, G.P.O. No.
HH1-6 3: #N2-3, $1.70; Save Energy, Save Money, Office of
Economic Opportunity, Pamphlet No. 6143-5; Tips for Energy
Savers, Federal Energy Administration, Washington, D.C. 20461;
Your Energy Efficient House, Garden Way Publishing, Char-
lotte, Vermont, $4.85. Through “Project Conserve,” the New
Mexico Energy Resources Board maintains a computerized ser-
vice to homeowners which can analyze the thermal performance
of individual homes and provide recommendations for improve-
ment.
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the most important in the long run—must be the development
of the art of building dwellings which (a) work with and draw
upon natural forces such as solar radiation, gravity flow, wind
movements and the like, for a large proportion of their energy
requirements and which (b) also require the least amount of
“high-energy” manufactured materials for their construction.
In this way we may become increasingly independent of costly,
polluting and potentially dangerous commercial and industriat
sources of power. To contribute to the development of this art,
with particular reference to conditions in much of New Mexico,
is the prime purpose of this book.



Some Principles of Climatic Adaptation

WE MIGHT SPEAK OF SUCH energy-saving dwellings as climatic-
ally or ecologically adapted, but the term solar is probably
the most meaningful to the average person at present. Al-
though this is an oversimplification, solar radiation is prob-
ably the most dominant single factor in the design and func-
tioning of the new breed of energy-conserving dwelling. We
might, therefore, begin with some elementary considerations
on this subject.

The first point to notice is that every square foot of the
earth’s surface receives an annual quota of sunshine which car-
ries with it a continuous flow or input of energy. The intensity,
frequency and total amount of this energy flow vary, of
course, from place to place, depending on factors such as lati-
tude, the seasons, the alternation of day and night, the amount
of ctoud cover, etc. In the United States, the average of this
annual energy flow for a year varies fairly widely: for exam-
ple, from about 700,000 B.T.U.s in central Arizona and southern
New Mexico to about 493,000 in Montana. If we visualize a
well-insulated American single-story house of about 1,800
square feet ground area in each of these two locations, by sim-
ple multiplication we find that the site on which the house is
built receives each year the impressive total of 1,260,000,000
B.T.U.s in Arizona or southern New Mexico, and 887,000,000 in
Montana. (An average household furnace is capable of putting
out about 100,000 B.T.U.s per hour, by way of comparison. To
avoid the excessive amounts of zeros needed to express house-
hold heating requirements in this unit, we shall from here on

[26)



Some Principles of Climatic Adaptation 27

use the “therm,” consisting of 100,000 B.T.U.s. Thus, the aver-
age furnace would be rated at 1 therm per hour, and the an-
nual solar input on the two house sites would be 12,600 therms
and 8,870 therms, respectively.)*

The annual heating requirements of the two houses would
vary considerably more than the available annual solar input,
however. If we assume them to have average good weather
tightness and insulating value, the house in Montana would re-
quire something like 1,728 therms of furnace-generated energy
per heating season, while the one in Arizona would require only
389. But even in Montana, the theoretical solar input would
exceed the heating requirements by a factor of 8570,/1728,** or
about 4.9 times, while in southern New Mexico or central Ari-
zona, the solar input would exceed heating needs 32 times.
(The same house in the vicinity of Santa Fe, New Mexico, would
receive about 9 times its heating requirement in annual solar
input.***)

If this is true, why are fuel-burning furnaces and heaters
SO universal in our communities? Why is our per capita con-
sumption of fossil fuel the greatest in the world and growing
more so? Why are oil pipelines, fuel allotments, gas rationing
and price controls such urgent political issues in our lives?
Why, in New Mexico in particular, are not a good portion of

*Insolation data from Climatic Atlas of the United States,
Environmental Science Service Administration, U.S. Depart-
ment of Commerce table on page 70: Phoenix, Arizona, 520
Langleys X 365 x 3.69 = 700,000 B.T.U./ft.* (horizontal); San-
ta Fe, New Mexico, 500 Langleys X 365  3.69 = 673,000 B.T.
U./ft.? (horizontal); Great Falls, Montana, 366 Langleys X 365
X 3.69 = 493,000 B.T.U./ft.2 (horizontal). Annual total on
1,800 ft.?: Arizona: 700,000 x 1,800 = 1,260,000,000 B.T.U. =
12,600 therms; Montana: 493,000 x 1,800 = 887,000,000 B.T.U.
= 8,870 therms; north central New Mexico: 673,000 x 1,800 =
1,211,000,000 B.T.U. = 12,110 therms.

**Arizona 1,800 degree days x 12 B.T.U./it2 x 1,800
ft.2 = 389 therms; Montana 8,000 x 12 X 1,800 = 1,728 therms;
Santa Fe 5,300 X 12 x 1,800 = 1,444 therms.

***Heating load calculated by multiplying floor areatimes
12 B.T.U. times number of degree days at site, assuming aver-
age heat loss of 12 B.T.U./sq. ft./degree day with interior
temperature maintained at 68° F.




28 Homegrown Sundwellings

our quarter of a million non-urban homes at least running on
free solar energy independent of these vexing problems?

The simplest and most obvious reason is the inherently
poor timing of solar input in relation to heating needs. During
the winter months, sunshine intensity and amount drop off sub-
stantially, particularly in northerly latitudes due to the geome-
try of the earth’s movement and tilt around the sun, and also
to the greater likelihood of storminess and cloud cover. Figure
1 graphs the solar energy received by our 1,800 square-foot
building site in south central Arizona, in north central New
Mexico, and in Montana, on a month-to-month basis. It also
shows the corresponding variations in the heat energy demands
of the typical house built on these sites. The drastic drop-off of
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solar input at the time when heating needs reach their maxi-
mum shows up clearly in these graphs and is, in any case, a
matter of common knowledge. What the graphs also show, how-
ever, which is not such common knowledge, is that even dur-
ing the winter season, the total solar input on the sites still ex-
ceeds the heating requirements. For south central Arizona, as
would be expected, this surplus is generous, amounting to about
24 times. For norih central New Mexico, it is reduced to 10
times, and for Montana it is a marginal 2.6.

But we cannot allow ourselves to become unduly encour-
aged by these highly generaiized statistics. While the winter
total of solar energy on our site may be several times our total
house-heating requirements for the same period, there are other
shorter-term variations in the relationship which make it diffi-
cult to draw upon this source of energy. The most obvious is
the day-to-night variation. In winter, there is effective sunshine
for only six or seven hours out of each 24. Additionally, there
are periods of cloudiness lasting from a day to more than a
week, during which solar radiation is negligible and air tem-
peratures may be frigid. These periods are perhaps the most
difficult to cope with as they are irregular in occurrence and
very much dependent on local weather conditions. With con-
ventional heating systems, we cope with them by firing up our
furnaces or heaters, thus drawing upon the stored and concen-
trated solar energy in gas, oil, coal or wood. To devise methods
for drawing upon stored direct solar energy for the same pur-
pose requires novel arrangements and techniques whose per-
fection is a real challenge and one which we are just beginning
to think about seriously.




Requirements for the House as
Solar Energy Transformer

To MEET THiS CHALLENGE we attempt to design and build our
dwellings so that they will:

(1) receive and absorb solar radiation as effectively as
possible whenever it is available during the months of cold
weather; _

(2) store the energy in this radiation in such a way that
it can be drawn upon during periods of greatest need;

(3) reduce to a minimum overall heating requirements
by attention to such details as the general shape and propor-
tion of the house, its placing and orientation on the site, the
tightness of its construction, and the selection and use of the
materials of which it is built, with particular reference to their
abilities to absorb, transmit, insulate, or store heat; and

(4) meet these requirements at costs we can afford and
with the least amount of complicated equipment and materials
which require much energy for their manufacture and trans-
port.

We will now examine in more detail the four requirements
for the house as solar energy transformer.

REQUIREMENT ONE—Effective Absorption and
Reception of Solar Radiation

This is a matter of exposing a large and efficiently absorb-
ing surface to the sun’s winter rays and of shaping and fitting
the house to best receive and hold the resulting warmth. The

[301
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time-honored device for this purpose is, of course, the south-
facing window which, in the form of bays, sunporches, ete., has
been used by generations of architects and home builders to
bring the cheer of sunshine and some measure of its warmth
into interior living spaces. A suntempered house may be
thought of as one in which the south-facing window—or some
equivalent arrangement—has been enlarged and perfected to
the highest degree practicable, so that it is no longer a mere
auxiliary to warmth and comfort, but the principal source of it.

In more specific terms this means designing a house with
a generous southern exposure or facade and a minimal heat-
losing surface to the north. In its most elementary form this
results i (he familiar shed cross section with a relatively high
southern wall carrying large windows which permit the lower
winter sun to flood the interior of the house through a good
part of the day (Figure 2).

The design and arrangement of these large solar-intake
windows and their auxiliaries are of considerable importance to
the success of the suntempering system. Probably the first
choice to be made is between double-glazing and the provision
of tight-fitting insulating shutters or closures of some sort.
Double-glazing is, of course, generally desirable in most cases
but over large expanses it can be quite costly. Well-fitted and
well-insuiated outside shutters, if consistently closed at night
and during cold and heavily overcast weather, can greatly re-
duce the heat loss through these large glass expanses and can,
in fact, bring the overall thermal performance of the windows
quite close to double-glazed installations. On the other hand,
the placing, mounting, and hinging of such large units can make
an awkward problem. One of the most mechanically and ther-
mally effective solutions is the drawbridge type hatch, hinged
at the bottom and lying flat on the ground in front of the win-
dow when open. If lined with a reflective surface {as aluminum
foil), such hatches can bounce extra sunlight into the windows
and thus increase the solar intake. They are apt, however, to
dominate the architectural character of the south facade of the
house and create a mechanical and gadgety impression which
many find distasteful. In any case, they should probably best
be used in connection with some version of a “Trombe” wall
(so named for the physicist-inventor of the famous solar fur-
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Fig. 2 Shed Roof House--Cross Section

nace research installation in the French Pyrenees) or ‘“water-
wall.” The glare they reflect into the house, through simple
direct gain windows, would frequently be unpleasant,

More conventional vertically hinged exterior shutters avoid
these esthetic drawbacks. However, to close large openings and
still not take up too much space when folded back, they have
to be double-hinged and in sections, which adds to the diffi-
culties of fabrication and securing tight joints. And, of course,
they must be worked from outside, which some might find a
disagreeable chore on a cold winter evening.

Interior shutters avoid this last objection, but they offer
the same problem of providing sufficient blank wall space




Requirements for the House 33

against which they may be folded when not in use. They also
complicate the placing of furniture. Lastly, the glass in a win-
dow closed off from inside becomes deeply chilled during win-
ter nights so that heavy frost deposits form and are apt to melt
into sizable trickles of water when the shutters are opened in
the morning.

Heavy interior curtains or drapes are frequently proposed
as an alternative solution. These avoid the probiems of hinging
and folding-back space and of interference with furniture. For
situations where the maximum in thermal efficiency is not re-
quired, they probably offer a reasonable compromise. Even so,
they should be very carefully tailored of double interlined de-
sign. The interlining might well be of some airtight reflective
fabric. Special care should be taken that they seal effectively
when closed, especially at the tfop, probably by means of a va-
lance enclosure. Top and bottom leakage will cause the space
between curtain and glass to act as a chimney in reverse, down
which a current of chilling air will flow all night, effectively
draining the room of warmth. (The same caution applies, of
course, to the installation of interior shutters. They must fit
tightly at top and bottom.)

Various modifications of this basic cross section are pos-
sible, as through a stepped cross section with high or clere-
story windows permifting sunlight to enter towards the back of
the house (Figure 3).

All of these south solar windows should be provided with
an eave overhang proportioned to cut off most of the rays of
the high summer sun. Skylights may be employed to some ex-
tent to reinforce the solar intake in certain locations, but these
should be used with caution by home builders, as they involve
problems of water-tightness, night closing and summer shading
which are more readily handled in wall-mounted windows. This
general caution applies in fact to any expanse of horizontal or
nearly horizontal glass used as roof for a patio, sunporch,
greenhouse, interior atrium, etc. The heat loss to the night sky
from such transparent expanses will usually exceed what they
gain during sunny days considerably unless thorough arrange-
ments for insulating closures are provided.

This whele approach to solar intake has come to be called
the “direct gain” system.
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The bank of south-facing solar (or direct gain) windows
may be wholly or partially replaced by a lean-to greenhouse
(Figure 4). In this case, air warmed during the day within the
greenhouse is circulated into the main house through high vents
and cool air is returned to the greenhouse through correspend-
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| irig floor-level vents or underfioor ducts. This circulation may

be speeded up by low-wattage fans, but the venis should be
closed at night. Even on cold nights at elevations up to about
8,000 feet in north central New Mexico, a properly designed
greenhouse with partial roof cover, some storage, and double-
glazing will normally maintain not less than 40° F., which is
adequate for many plants, and the heat it has generated during
the day will make a substantial contribution to the energy bud-
get of the main house. At higher elevations, or unusually cold
locations, it may be necessary to provide some form of insulat-
ing closure for the greenhouse.

Part of the south facade may be designed as a Trombe
wall (Figure 5) rather than a solar window. This combines the
function of solar intake and heat storage and, while probably
not quite so efficient in overall performance as a well-designed
and properly operated direct gain installation, is desirable for
certain purposes, as in rooms where the light and lack of pri-
vacy of large solar windows may be excessive. It is also well
suited for adapting some existing houses to solar assistance.

REQUIREMENT TWO—Storage of Solar
Radiation Energy

The requirement for the storage of daytime peaks of solar
intake for slow release at night or on cloudy days may be han-
dled surprisingly effectively by simple arrangements other
than large liquid reservoirs or rock-filled silos which more elab-
orate solar heating systems employ. The basic strategy is to
design the house so that its own masses—mainly walls and
floors—are so placed, proportioned, and surfaced that they will
receive and store a large measure of incoming solar energy
during the daylight hours and will gently release this stored
heat to the house interior during the succeeding night hours or
cloudy days. This requirement, along with that for opening up
the south exposure to incoming sunlight, must obviously have
a large influence on the plan and layout of the house.

Before we begin the discussion of this plan and layout, it
may be generally noted that adobe, the traditional construc-
tion material of native New Mexican homes, is very well suited
to this heat-storage task. Our average 1,800 square foot home,
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if built of 14 inch thick adobe block (including interior parti-
tions), may easily weigh in the vicinity of up to 150 tons in the
walls alone, and this mass of material, even if only slightly
warmed, will store very large quantities of neat.

Reverting to the basic solar shed cross section shown in
Figure 2, it is clear that the floor in such a structure receives
much of the incoming sunlight. It is therefore logical to delib-
erately design this floor as one of the prime absorbers and
storers of sun-generated heat. Again, for this purpose, a tradi-
tional New Mexican floor—either of treated and filled adobe
clay or of brick or flagstone laid over sand—is very well suited.
Its rich dark color makes it a good absorber of radiation; its
moderate conductivity permits the heat to travel slowly down
into its body; and its sheer mass gives it great capacity to store
this heat with a very slight rise in temperature. If we visualize
such a floor 12 inches deep in a room 16 feet square with one
exterior wall and an average window, warmed to a mere 72° F.
(just slightly warm to the touch), it will store 40,000 B.T.U.s
of heat, which will be released into the room as it cools down
to, say, 65° F. This is sufficient heat to take care of a well-in-
sulated room for 26 hours, with an outdoor temperature of, say,
20°. Actually the bulk of heat storage for release over the dark
period of the 24-hour daily cycle, will occur in the top 6 inches
of such a slab floor. Heat which penetrates deeper than this
will be available for longer periods of cloudiness.

To allow the floor to act in this fashion: (a) it must be
well-exposed to incoming sunlight (eliminating wall-to-wall car-
peting and too much clutter of furniture); and (b) it must be
well-insulated against heat leakage into the surrounding earth.
This leakage is particularly active around the outer edges of
the building and is guarded against by an insulating barrier
alongside the footings carried down to a depth of about 2 feet
(Figure 6). This has come to be called perimeter insulation and
is now often formed of styrofoam, although waterproofed celo-
tex is much used. Though some designers feel that this insu-
lating barrier should be continued underneath the entire floor
mass, the need for this is not established as heat which travels
a few feet down into the earth below the house is not lost to
useful purpose and still contributes to the reservoir of warmth
underneath the building. The manufactured slabs of styrofocam
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or fiber may be replaced by pumicefilled trenches or beds
which must be five or six times as thick as the slabs to achieve
equivalent insulating value.

High-water table or moisture underneath the house will
nullify the effectiveness of most insulation and must be guard-
ed against. The surest remedy is not to build on poorly drained
sites—especially cienegas or fields in which the water table
rises with the spring runoff—a condition fairly common in
much of rural New Mexico. If a site of this kind is unavoidable,
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Fig. 6 Perimeter Insulation—Cross Sections
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special precautions must be taken. French drains—gravel-filled
trenches pitched to carry away subsurface water—may have
to be constructed outside the footings. A bed of gravel may have
to be laid underneath the main floor mass and sealed off from
it by a heavy-duty membrane of plastic. The tops of the con-
crete stem walls on which the adobe wall blocks are laid should
be sealed with asphalt to prevent capillary action from drawing
moisture up into the lower courses of the block.

The next most important heat storage mass in the house is
made up of walls and partitions. These are usually not so well
placed to receive incoming sunlight as is the floor, although
with some clerestory window arrangements, a portion of this
may be directed onto rear walls (Figure 3). However, any in-
terior wall surface can pick up and absorb a good measure of
warmth radiated or reflected from the floor in the form of both
light and invisible low-temperature infrared rays, and also
from the gentle natural circulation of warmed air within the
house. As suggested earlier, a few degrees rise in temperature
of the wall masses from this source can represent a large re-
serve of stored warmth. (The famed summer and winter com-
fort of a well-built and properly laid out adobe house comes
mainly from this ability and not from its supposed insulating
qualities which, in fact, are only fair-to-poor when rated against
other insulating materials.) Again, as in the case of perimeter
insulation for floors and footings, the strategy here is to guard
against leakage of this stored heat to the outside mainly, of
course, in the case of exterior walls. The defense against this is
t0: (a) reduce to a minimum the area of exposed non-south-
facing walls (especially to the north); and (b) insulate in
some way the outside of exterior walls which receive little or
no sunlight. The basic shed cross section discussed earlier, and
various modifications of it, accomplish point (a) by reducing
the height and area of the north wall. This effect may be fur-
ther enhanced by digging back into a south-facing slope so that
the north side of the house is partially underground and the
area of exposed north wall still further reduced.

The exterior insulation of adobe walls remains something
of a problem. The recent advent of foamed plastic slabs is lead-
ing to the use of such slabs as an external insulating jacket.
In one system the slabs are fastened to the adobe by long nails
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and covered with tightly stretched poultry mesh over tarpaper
(as is done for an ordinary exterior stuccoing job) and the
usual coats of portland cement exterior plaster are applied to
this. The result can be indistinguishable from normal adobe
exterior finishes and produces a very good insulating jacket.
The drawbacks are expense, the dependence on a high-energy
manufactured material whose production is part of the national
pollution problem, and some question as to the permanence of
such an installation, as the practice is still quite new. One should
be aware that some of the plastics used give off highly poison-
ous vapors in case of fire.
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Alternatives could be the construction of an exterior
furred space filled with some such insulating material as per-
lite, shredded fiber or sawdust (Figure 7). This exterior fur-
ring would, of course, have to be well-sealed and protected by
the eave overhang. Perhaps the most practical solution for the
rural New Mexico home builder is a double exterior adobe wall
(at least on the north side) with a 6 or 8 inch interior space
filled with pumice or perlite. The exterior course of adobe
could be minimum in thickness—even 10 inches—while the in-
terior course, which forms a part of the heat storage system of
the house, should be thicker—probably the customary 14
inches.

The question inevitably comes up at this point as to the
effectiveness of walls entirely formed of some lightweight semi-
insulating masonry material. The most common form of this in
New Mexico is pumice block, but a number of people are ex-
perimenting with various poured or rammed mixtures of pum-
ice, earth, and sand with a small proportion of portland cement.
Though walls of this nature can be satisfactory in many re-
spects, their thermal properties do not particularly work with
the needs of the passive, climatically adapted house outlined -
above. For one thing, their density and the resulting overall
mass are relatively low, hence the important capacity to store
heat is reduced. Again, their relatively good insulating quality
prevents them from absorbing heat and conducting it uniform-
ly through their mass, which is essential for smoothing out the
variations in soiar input. Houses built of such materials (and
also of good, well-insulated wood framing) can perform well at
containing fuel-generated heat, but as solar structures are apt
to require more elaborate systems than the simple measures
discussed in this book.

Finally, a method of externally insulating the house is to
bank earth against the non-solar walls, particularly north. This
has come to be called bermed construction and, although some-
what unconventional, if well-designed and executed, can be
pleasing to the eye. A drawback is that this bermed wall must
be reinforced to carry the extra burden of earth.

The inherent heat-bank capacities of the normal floors,
walls and partitions which compose the dwellings can be backed
up by various special arrangements which are still passive in
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nature. One highly publicized system uses tiers of water-filled
containers (usually 55-gallon steel drums) stacked to receive
incoming sunlight through the south solar windows (Figure 8).
Such “waterwalls” or “drumwalls” have a considerably greater
capacity to store heat, in proportion to their weight and volume,
than equivalent masonry or adobe masses. Moreover, the nat-
ural circulation of the water within each container provides an
efficient means of distributing the solar heat received on the
exposed surface of the container uniformly throughout the
volume of water. Drawbacks are the difficulty of fitting such
tiers of containers pleasingly into the interior of a dwelling, the
increasing cost and scarcity of the necessary drums or other
containers and some questio~. as to what trouble-free lifetime
can be expected before minor seeps and leaks hecome a prob-
Iem. Use of rust inhibitors, neutralizing agents and special coat-
ings can no doubt extend this life expectancy, but these fur-
ther increase expense. In any case, working knowledge of the
s pject is somewhat limited at this writing. It should be noted
~1at large manufactured plastic containers are now coming on
the market for this purpose, but their use is not particularly
consonant with the “homegrown,” low-energy philosophy of
this study.

The Trombe wall mentioned earlier is a combination solar
receptor and heat storage arrangement that meets our require-
ments for simplicity and feasibility of local construction. In
essence, this is a south-facing masonry wall with a glazed air
space on its outer surface. Protected by this glazing from di-
rect contact with the cold outside air and from heat loss
through invis_ble heat radiation to the exterior, the wall be-
comes much hotter—and absorbs more energy—than if it were
simply exposed to the sun. The effect is increased by double-
glazing and by coloring the outer surface of the wall with a
dark absorbing pigment. The absorbed heat penetrates the in-
terior of the wall and eventually reaches the interior of the
house, which it continues to warm long after the sun has set.
Additionally, vents are provided at the top and bottom of the
wall so that a part of the absorbed solar heat enters the interior
directly in the form of warm air. There is some evidence that
due to its higher conductivity and density, concrete or stone
masonry is a better materiat for this type of wall than adobe.
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Figure 5 illustrates a typical cross section of such an in-
stallation. Properly designed and built, it may add about 500
B.T.U.s per day per square foot of its surface to the interior
space it faces. Thic i5 less than the input of an equivalent area
or direct gain solar window, provided the latter is closed at
night with effective insulating shutters.

REQUIREMENT THREE—Shaping and Siting the House
for Climatic and Thermal Efficiency

A number of experimenters with sclar-assisted dwellings
have assumed that the best shape for such a structure is round
or polygonal, or something approaching this form. The dome
is the most complete version of this idea which springs from
the simple principle that this shape encloses the most space or
volume with the least amount of exterior—and potentially
heat-losing—surface. This is true as far as it goes and if one
were building a habitation for use in the Arctic (or in outer
space!), where survival depends entirely on an inner-contained
source of energy for warmth, a dome or even a sphere would
be the logical shape.

The dome or circular shape, however, is not well suited to
the various climatic factors, especially solar input and seasonal
variations, to0 which we wish our dwellings to be adapted. Some
considerations of these factors and of building cross sections
arising from them have been outlined earlier. Pursuing this
subject further, we arrive at the perhaps prosaic conclusion
that the typical passive suntempered building is roughly rec-
tangular in plan, with its long axis running approximately east
and west so that it provides a gener.us southern exposure. It
is also somewhat shallow or narrow in ifs north-south dimen-
sion—usually one room deep so that the incoming sunlight
through the solar windows may reach well into most of the liv-
ing area. This linear or “string” arrangement of rooms has com-
monsense limitations, particularly as regards convenience of
circulation within the building, and the increase of wall area
in proportion to its volume which may increase construction
costs. A reasonable compromise would be to fill out the build-
ing to a more nearly square plan by locating on the north side
utility rooms, corridors, storerooms, pantries, workshops and
other spaces which are used only occasionally, do not need to
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be warmed fo the “comfort” level, or should be permanently
cool. Some arrangements of this kind will be found amongst the
schematic plans in this manual.

In regard to roofs, most of the design suggestions present-
ed herein show sloping one-rake (shed) or gable roofs, rather
than the traditional fiat deck with surrounding parapet which
is the older tradition in much of New Mexico. In a country lack-
ing suitable native woods for shingle-making and with low aver-
age rainfall, the flat earth roof laid over latias (peeled or split
cedar poles) carried on round log rafters or vigas was an in-
genious adaptation to available materials. Such roofs, if suffi-
ciently thick, weve quite good weather stoppers and interior
temperature regulators, but they required considerable patch-
ing and maintenance, particularly around the joints where the
canales or scupper troughs pierced the parapet {o carry off wa-
ter. But as soon as galvanized iron became available—probably
around 1890—homeowners in rural New Mexico began sur-
mounting their flat roofs with gabled ones of corrugated iron
which are by now a tradition of several generations’ standing.
From the standpoint of construction by local craftsmen, this
still represents the most practical and enduring kind of roof.
A secondary advantage of the pitched metal roof is its suita-
bility for use as a rainwater and snowmelt collector in areas
where ground water is scarce or lacking. Corrugated iron roofs
which have been in place 50 years or more and are still in fair-
ly good condition are common in the older villages and towns of
the State.

It is true that, particularly in town and urban areas, the
flat-roof deck has been perpetuated by the application of built-
up membrane roofing techniques, but this is essentially a com-
mercial process requiring specialized equipment. Where a
home builder has access to a local roofer with such equipment,
he may wish to design a traditional flat-roofed, parapeted house,
but he will have difficulty achieving an insulating value equiva-
lent to the other roof systems here outlined, and he raust be
prepared for continuous maintenance operations. An alterna-
tive might be to revert to the original primitive system of deep
earth fill over a plank roof which is sealed with heavy tarpa-
per (a material not available to early pioneers). In this case
local knowledge should be scught as to the best mix for the
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fill, to minimize seepage. The lifestyle of the homeowner will
also be a factor in this choice. Heavy 90# slate-coated asphalt
roofing felt laid on pitched lumber sheathing represents an al-
ternative to sheet metal roofing for local use; it does not re-
quire the very thorough sealing techniques which are neces-
sary with horizontal built-up membrane roofing.

As far as the solar-thermal performance of the dwellings
is concerned, most of the roof forms sketched here are essen-
tially neutral; they make no positive contribution of solar heat
to the house, nor do they contribute much to the heat-storing
mass of the structure. They do keep out the weather and also
must provide the greatest possible insulation against heat leak-
age from the interior. This may be accomplished by the use of
lightweight manufactured fiber or plastic insulating slabs laid
over the roof sheathing before the waterproof outer skin is ap-
plied. This is a technique well understood by practical builders
and roofers and need not be detailed here. However, in keep-
ing with the native-materials, local-craftsmanship approach of
this book, it must be pointed out that ceiling and roofing ar-
rangements with excellent insulating properties may be built
up of locally available low-cost materials. Figure 9 details such
an arrangement.

Over a traditional ceiling of pounderosa planks (or even
peeled cedar or oak latias) carried on vigas, there is placed an
insulating fill of pumice, perlite or coarse sawdust. (The latter
material has the best R-factor or insulating value of the three,
averaging about two-thirds that of Fiberglas. According to the
U.S. Forest Products Laboratory, its use as a fill in furred
spaces is less of a fire hazard than leaving the spaces empty,
and it is no more attractive to vermin than the empty space
would be. It must, of course, be kept dry.) The fill material is
kept from trickling into the room below by a membrane laid
over the ceiling boards which may be lightweight roofing felt
(tarpaper) or even building paper. Over this insulating fill,
which should be 8 or 10 inches thick or more, if possible, the
weather roof is carried on lightweight rafters (probably rough
2x4s) braced or strutied to the ceiling below. This weather
roof may, as before indicated, be 90# slate-coated roofing pa-
per laid over roofing felt on rough lumber sheathing or corru-
gated metal laid over scantlings. Its pitch should be no less
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than 1 in 4. The insulating value of such a combined reof and
ceiling arrangement should be about R 25, which is equivaient
to 6 or 7 inches of Fiberglas.

A good case can be made, however, for arranging the roof
so that it becomes a positive contributor to the heat budget of
the house through solar input and not simply a neutral insula-
tor. It makes up, after all, the largest single surface exposed
to the sun’s rays and, if properly designed, should pick up a
great deal of heat energy. This implies, first of all, a change in
the basic shape of the house. Most of the direct gain plans
call for roofs sioping downward from south to north, to pro-
vide the necessary high southern exposure. This faces the roof
surface pretty much away from the low-angle winter sunlight
and makes it a poor coilector. A roof sloping the other way,
towards the sun could, by contrast, act as a fairly efficient col-
lector of very large area.

One way of accomplishing this is to cover the roof with
galvanized sheet iron, providing an air space of an inch or an
inch and a half between the metal and the roof sheathing. (The
main body of roof insulation must, of course, be placed below
this sheathing.) Warm air accumulating in this air space is al-
lowed to rise towards the upper edge of the roof where it is col-
lected by a suitable duct arrangement and forced downward
into the house. Figure 10 diagrams the basics of this arrange-
ment. There is evidence that this type of roof surface, after it
is weathered, has surprisingly geod absorbing properties for
solar heat and, furthermore, is rather poor at reradiating the
heat back to the sky. (This is known as the selective effect and
has been the subject of some rather sophisticated research.)

Drawbacks of this system are: some electric power is re-
quired to operate the fans or blowers which suck the warm air
downward into the house and through the storage bank, thus
the system is not strictly passive although the wattage required
can be low. Since the collector is not glass-covered to shield it
from cooling by air currents, the efficiency of absorption is
probably quite variable, being dependent on the windiness of
the day. For this reason the system should probably be used in
conjunction with some sort of rock storage bank to absorb the
lIarge cutput on still, sunny days and make up for the deficiency
on windy days, as is shown in Figure 10. Not much data exists
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as to the performance of such roof collectors, although a lab-
oratory huilt in 1959 near Tucson under Arizona State Univer-
sity auspices used its sheet copper roof as collector, and at
least two houses are currently being built—one in Albuquerque
and one in El Rito, Rio Arriba County—which will incorporate
unglazed sheet metal roof collectors.

A house incorporating this system will depend less on the
direct gain effect—the south facade and, hence, any solar win-
dows installed there will be reduced in area due to the south
slope of the roof. But there is no reason why the two methods
carnot be combined. A secondary and, in some locations, an
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important asset of the south-sloping roof is its suitability for
snowmelt collection. A gutter leading to a water-storage cistern
(preferably underground), placed along the lower south eave
of such a roof will have far less tendency to freeze than one on
the north side, and accumulated snowpack will melt off much
more freely.

Some potential home designers and builders at this point
may feel that the prescriptions so far set forth are too restric-
tive and must result in stereotyped rectangular houses not
much better than many mass-produced tract residences. This is
particularly true for those interested in free-form habitat and
in variations of the dome. In reply it may be pointed out that
much range for creative design exists in combining and modi-
fying the various functional shapes and surfaces so far dis-
cussed—by the use of clerestories, interior balconies, mezza-
nine floors, etc.—while the interior spaces need not be subdivid-
ed into the conventional bedroom-living room-kitchen pattern
but may be opened up into newer concepts of combined many-
purpose living-working-craft-growing spaces associated with
less conventional lifestyles. Curved wall sections—in plan—
are quite feasible in adobe and may be used, as may also be bat-
tering or sloping of walls, to soften contours and when they
make good design sense.

Even the general prescription for east-west compass orien-
tation has been successfully contradicted in at least one passive
solar house which achieves ample direct gain input by climbing
up a south slope and presenting a series of tiered clerestory
windows to the sun. (See Figure 11.) The point should be in-
sisted upon that domed, warped, hyperboloid and similar sur-
faces dear to avant-garde architects, which must at the same
time be rain- and weather-tight, are very difficult to execute in
low-energy indigenous materials. For their success they are de-
pendent on the use of high-energy plastic membranes, sealers,
foamed or sprayed fillers and coatings, aluminum exirusions,
plywoocd and the like. Additionally, it is very difficult to incor-
porate weather-tight window openings and solar collecting
panels into such curved or warped surfaces.

An exception to this generality would be the domes and
vaults of Egyptian and Levantine folk adobe buildings, but
these represent adaptations to a climate and lifestyle so differ-
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ent from ours that it is very difficult at this time to assess their
relevancy.*

REQUIREMENT FOUR—Low Cost in Money and Energy

Virtually the entire range of recommendations so far made
for achieving suntempered or climatically adapted dwellings is
in line with this requirement. To sum them up: we utilize the
simplest solar heating methods which require no machinery
and no elaborate piping and depend principally on the way we
lay out our houses and install windows, insulation, etc., and we
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Fig. 11 North-South Oriented Direct Gain House
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*The book, Architecture for the Poor, by the Egyptian
architect Hassan Fathy, gives an excelleni description of this
type of folk domestic architecture. It was published by the Uni-

versity of Chicago Press.
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substitute wherever possible low-cost, readily available local
materials for prefabricated or manufactured products. Obvious-
ly this approach does not minimize the personal labor involved
in building a house, but this is a responsibility which genera-
tions of New Mexicans have shouldered and which is still wide-
ly accepted. As an alternative to entrapment in the vicious
spiral of inflation, indebtedness and mounting scarcities of in-
dustrial resources, this approach makes very good sense to
many New Mexicans and is, fortunately, well adapted to the
traditions, lifestyle and economic realities of many communi-
ties throughout the State.




Windows, Ventilation and
Summer Comfort

So Far THE pISCUsSSION has revolved about the problem of
keeping warm in winter with the least possible fuel consump-
tion—a serious consideration in much of the world. In New
Mexico our seasonal cycle is very marked and our homes have
always had to be built with the intense sunlight of summer and
its occasional sequences of hot arid days in mind. Several fac-
tors tend to reduce the need for us to resort to mechanical air
conditioning—a favorite but costly energy-consumptive device
of the modern commercial construction industry.* The first of
these factors is the rather marked difference in day and night
temperature peaks even in midsummer. The second is the gen-
erally low humidity of the atmosphere. And the third is the for-
tunate fact that the traditional recipe for building construction
in this kind of climate—massive walls and a well-insulated roof
—works almost as well to maintain moderately low interior
temperatures in summer as it does to maintain moderately high
ones in winter. The well-insulated roof serves to block off the
penetration of solar heat into the house from above, while the
massive walls are capable of storing night coolth to temper the

*A modern air-conditioned house normally consumes about
40% as much energy for summer cooling as it requires for win-
ter heating, according to a study made for the Housing and
Urban Development Department on Residential Energy Con-
sumption (HUD-HAI-2). In the south, the percentage may be
considerably higher.

[54]
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interior during the hot day, almost as well as they can store
daytime warmth for release at night in winter.* In this con-
nection it should be noted that the traditional earthfilled roof,
while it is not so effective an insulator as other types herein
discussed, has some advantages in regard to summer cooling.
Its large heat storage capacity allows it to act as a heat sink
during the day, intercepting and storing solar radiation so that
its effects do not reach the interior of the house until evening.

These effects are not entirely automatic and should be
strengthened as much as possible by proper building design.
A most obvious consideration which has already been men-
tioned is the provision of an eave overhang at the south wall to
shield the solar windows and the wall itself from direct sun-
light during most of the summer day when the sun is high
overhead. This feature is lacking in what has come to be re-
garded as the traditional flat-roofed, parapeted New Mexico
home. It is often achieved by the provision of a portal or porch
on the south side of the house-—a welcome zone of shady cool-
ness in summer, but one which often tends to block out the de-
sirable warming rays in winter. It might be noted here that
many really old buildings in New Mexico achieved the effect of
an eave overhang by extending the roof vigas two or three feet
out from the exterior walls and placing the parapet at this
outer edge. From this arrangement derives the Spanish name,
pendal, for the parapet, as one of the functions was to hold the
roof vigas in place by sheer weight. This arrangement began
to go out of style sometime around the 1920s,

An obvious commonsense need for summer comfort—but
one which is sometimes neglected in these days of mechanical
ventilation and air conditioning-—is the provision of openable
windows for adequate cross-ventilation.

*The Harold Hays system for climatically tempering
buildings by the management of roof exposure to the sky is
probably adapted to the hotter lower portion of New Mexico,
but it is not included here as it requires industrial fabrications
and is not well suited to the native-materials-and-craftsmanship
approach called for in this book. It is described in packets which
may be secured by sending a2 stamped self-addressed envelope
to Skytherm Processes and Engineering Company, 2424 Wil-
shire Boulevard, Los Angeles, California 98057.
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There are various more or less elaborate theories as to the
placing of such windows to .nsure adequate and continuous
natural circulation of air through a house in summer weather.
However, conditions vary so much from site to site, house to
house, and with the vagaries of local weather that the ideal air-
flow pattern supposed to be produced by any given scheme
may be nullified or even reversed. Accordingly, only some sim-
ple generalizations will be attempted here and specific solu-
tions left to local knowledge and the ingenuity of the home
builder.

Any room occupied consistently in the summer should
have at least two exposures with openable windows or should
have some arrangement for cross-ventilation, as into an ad-
joining hallway. The Universal Building Code recommends that
windows represent no less than 1 of the floor area of the
room, with one-half of this window area openable.

Windows should be tall enough to reach from ordinary
low sill height above the floor to within 2 couple of feet of the
ceiling, so that they m=ay pick up cool surface breezes or vent
warm air from the upper part of the room.

Windows in west or northwest walls should be carefully
shaded from the glare of late afternoon summer sun.

Windows in south walls must obviously be shaded from
low summer sun throughout most of the day. South windows
in a suntempered direct gain house present a special problem
in that they must be somehow fitted into the large exposures
of fixed double-glazing, Trombe wall or greenhouse which take
up much of the south facade. Various design solutions can be
found for this situation, mostly involving alternations of the
large direct gain surfaces with smaller panels or bays of open-
able windows.

High windows, at balconies or in clerestories, may be use-
ful in venting warm air from the upper part of the house.
However, it must be borne in mind that such windows may
actually scoop in hot winds under some conditions. If there is
a consistent compass direction of warm summer breezes, such
windows should be placed to face away from them.

Most windows in an energy-conserving house should be
tightly closing and double-glazed. Windows in north walls may
be profitably provided with storm sash in winter. It might be
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noted that the old-fashioned double-hung windows, if well
made, show up very well in these respects. Since they may be
opened either at top or bottom, they are flexible in their appli-
cation and may serve to vent warm air on the lee side of the
house or take in cool breezes on the windward side. While such
windows have been almost forced off the commercial market
by manufactured aluminum units, there are fortunately still
small cabinet and millwork shops in New Mexico towns which
can custom-build them at competitive prices, and the prospec-
tive energy-conserving home builder will do well to investigate
this source. (See Figure 12.) The side benefits to the local
economy of such small home-owned industries are apparent.

In any case windows for an effective energy-conserving
house will not be of the cheapest sort, but extra investment of
money or work in the most efficient type will repay itself over
the years in fuel savings and comfort.

Passive solar-powered ventilation and cooling for small
buildings is a real possibility for the lower, hotter zones of the
State where efficient placement of windows may not be ade-
quate. Such arrangements use the heated air accumulated un-
der the roof, through the stack or chimney effect, to create a
suction or updraft which induces air movement and ventila-
tion through the house even on still days. Figure 13 illustrates
schematically the elements of such a system.

It should be noted that the riser stacks through which the
warm air is vented are subject to some of the same aberrations
as fireni.ce or heater chimneys. Localized winds or eddies may
cause backdrafts. In such cases it may be necessary to top the
stacks with rotary or directional vent caps. Tightly closing
dampers or registers are necessary to seal off these systems in
winter. If home-built, such dampers or closures should be made
of seasoned wood or plywood and bhe carefully fitted. (The
stacks and associated ductwork may generally be built of wood,
as the air temperatures are not high enough to require metal.)

The air drawn into the house by such draft or venting ef-
fects should be from the coolest source possible, perhaps
through windows on the northside wall. Special screened in-
take openings may be provided, opening at ground level at
shady points amongst leafy plants and greenery. The principle
may be carried still further and intake vents covered with evap-
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orative-cooler matting kept moist by a trickle water supply.
Because of the low draft heads or suction under which such
non-powered systems operate, these vent openings must be
comparatively large: on the order of not less than two or more
square feet for the average room. This poses problems to the
home builder in devising tight and well-insulated closures for
them in winter. Few working examples of such systems exist
from which to draw conclusions, and the whole field presents
a good opportunity for experimentation by the resourceful
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energy-conserving home builder. Arrangements of this kind are
probably not justified except in the hotter zones of the State,
as a house built and ventilated in accordance with the princi-
ples outlined in preceding paragraphs will be comfortable in

our uplands areas in all but the few unusually torrid summer
days.




Siting and Landscaping for
Climatic Tempering

NumMEeRroUs Goop BOOKS have been wriiten on the niceties of
site planning and landscaping for the country, suburban, or
town house, with a good deal of advice on how such siting and
landscaping may contribute to the comfort, livability and en-
ergy conservation of the home, as well as to its esthetic appeal.
The subject is a fascinating one, worthy of study in depth, and
for those who wish to pursue it further some references are
listed in the Bibliography. Only a few general comments may
be attempted within the scopc of this report. A first and most
obvious one is that the time-honored custom of always facing
a house parallel with street or road will have to be modified in
many instances.

The orientation of a suntempered or solar house will clear-
ly have to be determined more by the points of the compass
than by the accidents of street or highway direction. (How-
ever, a variation of ten or even fifteen degrees from true south
will not seriously affect the efficiency of the suntempering ar-
rangement.) In a rural setting, with a tract of several or many
acres on which to build, this does not present much of a prob-
lem, as the house may be situated at a suitable spot so:ne dis-
tance back, and the layout of driveway and entrance approaches
accommodated accordingly. On smaller tracts or suburban lots
the adjustment mav be more difficult. Here the internal plan
of the house, with the resulting arrangement of volumes and
surfaces on climatic principles, may be integrated with suit-
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able placing of the entries and view windows such that con-
venient access hetween street, house and outdoor use areas is
maintained.

A commonsense recommendation is for the use of decidu-
ous (leaf-shedding) trees located for summer shade. The most
critical location for this is the west exposure of the house
which is subject to intense low-angle sunlight in summer after-
noons and is apt to be a hotspot. Trees planted to shade this
exposure in summer, but which become bare in winter and al-
low the solar warmth to reach the house then, can make a real
contribution to the livability and energy-econserving qualities
of the dwelling. If there is not room or time enough for trees,
a similar effect can be achieved by treilis-climbing vines,

The advantages of locating on 3 south-facing slope, for
winter weather modification, have been well known to country
and rural home builders for centuries. This effect can be en-
Irnced by digging the rear of the house into the hillside. If
ts is done the underground portion of the wall shoula be of
masonry sufficiently massive or well reinforced to act as a re-
taining wall, and its outer surface should be waterproofed. It
would also add to the thermal performance of the house if it
were insulated from the earth mass by a barrier similar to the
perimeter insulation previously discussed. Or the house may
take advantage of the south slope by stepping up it, somewhat
along the lines suggested in Figure 11. Lastly, if the slope is
sufficiently steep, the house may be deliberately designed for a
“convective rock storage” solar installation, with air collector
panel located downhill from the house on the southern slope,
or integral with the south stem wall. This is a somewhat more
elaborate version of passive solar heating, and a design embody-
ing it will be found in Appendix C.




Solar Energy for Food Production

ALONG WITH THE SHARP RISE in interest in solar heating and
suntempering homes, there is a corresponding interest in the
direct production of food through gardening, iruit and berry
growing, pouliry raising and small animal husbandry in con-
nection with such homes. This is particularly characteristic of
rural and village areas where, in any case, such subsistence
agriculture and husbandry have been a part of the scene for
generations. In view of ever-rising food and distribution costs,
both in terms of money and of energy, this is a trend worth
encouraging. We have not attempted a dissertation on the most
efficient layout of garden, orchard trees, animal and poultry
runs, sheds, etc.—and again, there is an excellent and growing
literature on the subject. (See Bibliography.) However, attempt
has been consistently made throughout this study to work out
suggested house plans which are adapted to this way of iife and
activity. It seems an unfortunate fact that most country homes
now being designed and built are not, in fact, country homes in
this sense, since their kitchens, equipment, and food storage ar-
rangements are identical with those of typical town or suburban
homes and are laid out mainly to conveniently utilize super-
raarket frozen, packaged or canned foods.

Any arrangements to handle more basic food preparation
and storage requirements are usually afterthoughts and impro-
visations or imperfect holdovers of traditional methods. It is
now possible and desirable to begin designing homes which
are fitted to modern ideas of comfort, convenience and life-
style, yet which can efficiently provids for many of the life-
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supporting and self-provisioning activities which have been
carried on in most households since time immemorial.

The most popular and visible of these new-era dwelling
modifications is the attached or lean-to greemhouse already
briefly discussed. These differ from the traditional conserva-
tory or hothouse in that they do not require artificial heat at
night or in wintertime, but actually contribute substantially to
the heating needs of the house to which thev are attached.
This is accomplished by: (a) venting the excess warm air
trapped during the sunshine hours on even chilly winter days
into the main body of the house; (b) cutting down the propor-
tion of glazed sky-facing surface in the layout of the green-
house and providing a measure of opaque and insulated over-
hang to prevenf excessive heat loss by radiation to the cold
night sky; and (c) double-glazing the transparent surfaces and
providing insulating shutters or closures in unusually cold lo-
cations. A partial sinking of the greenhouse into the earth also
increases the temperature stability of the installation (former-
ly called the pit greenhouse, now popularily called the grow-
hole). Designs in Appendix C show possible versions of such
installations in a suntempered house. The Solar Sustenance Pro-
ject, a companion Four Corners funded research and demon-
stration program to this one, gives much information on the
design and construction of greenhouses in north central New
Mexico and the productivity which may be expected of them if
they are well managed. See Bibliography.

The small greenhouse is primarily a device for providing
a modest but continuous supply of vitamin-rich salads and
mainly leafy vegetables throughout most of the year, without
benefit of migrant labor agribusiness, long-distance hauling
and mass merchandising. In a well-functioning subsistence or
productive homestead, however, a large measure of essential
foodstuffs—fruits, tubers, legumes, cereals, poultry, milk pro-
ducts, fish and red meat—may be produced and harvested irom
the surrounding land mainly in the summer and fall and must
be prepared and stored for year-round use.

Perhaps the first house design element to make this whole
process more convenient and manageable is what has been
called variously the harvest, summer or preserving kitchen—
a facility which has been characteristic of working farm or
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country homes in many parts of the country until a generation
or two ago. This is essentially a working space with conven-
ient access to garden, orchard, etc., and which is equipped with
counters or tables, a cutting block, a sink for rough scrubbing
of produce and a generous cooking range (often wood burn-
ing) for operations such as scalding, blanching or glass-jar
canning. Waste water from the scrubbing sink may be piped
out to garden or orchard directly since it contains no fecal
matter. (Oils and fats should be excluded from this waste.)
The compost pit or bin may also be placed conveniently to re-
ceive parings and trimmings. Since this space will be used pri-
marily in summer and fall, its heating arrangements may he
minimal, and it should probably be located on the north side
of the house. In New Mexico it may be virtually out of doors
in the form of a working patio, where the horno or adobe bee-
hive baking oven may be located. (This also often turns out to
be an al fresco social center.) Other outdoor food-processing
equipment might include a small smoke house, a solar dehy-
drator (see Appendix D)} or fruit and vegetable drier, and a
hoisting frame for butchering large animal carcasses.

It would seem logical to include laundry equipment in the
indoor harvest Kitchen space. This may consist simply of laun-
dry trays or may include a washing machine—preferably, from
the point of view of low cost and energy conservation, one of
the simple gravity-draining type. The question of gas or elec-
tric clothes driers will have to be left to individual discretion.
These are highly consumptive of commercial energy and their
use will become increasingly costly as rates ge up. Even if in-
stalled, it would be good strategy to plan a set of clothes lines
(solar clothes driers!) conveniently located to the laundry
exit. If placed along a high south-facing garden wall the utility
of such drying lines would be increased, especially in winter,
due to the reflection of sunlight and infrared heat from the
wall. 1If the harvest Kkitchen also doubles as laundry in this
fashion, its plumbing should be laid out for easy draining in
winter to prevent freezing. An inexpensive wood burning chunk
stove could be provided to warm up the space when it is in
actual use so that the heating system of the main house need
nof be taxed for this purpose.

The harvest kitchen should obviocusly be planned for con-
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venient access to ample storage facilities. The lowest costing
and least energy-consumptive of such facilities is some version
of the traditional subterraneo or root cellar. Through good de-
sign this may be incorporated in the main body of the house at
the same level as or only slightly lower than the general floor
level. It should contain ample shelving for the cool storage of
canned, smoked or pickled foods, bins for apples and potatoes,
etc. This subterraneo and its access door should be carefully
constructed and tightly fitted to keep out mice and rats and
other small creatures of the countryside. A pantry with abun-
dant shelf space for the storage of less temperature-sensitive
foods and for such items as preserving jars could form a tran-
sitional space between the harvest Kkitchen and the more con-
ventional modern kitchen in which the daily meals are pre-
pared.

It is suggested that wherever firewood is accessible and
commonly used, even this modern kitchen be equipped with a
good wood burning range in addition to the customary gas
unit. An electric range is currently the choice of many, but it
must be pointed out that in terms of overall efficiency, taking
into account power plant and transmission losses, electricity
for cooking, heating and water heating is very wasteful and its
use for these purposes in the future will become increasingly
costly and undesirable. The same comment applies to the elec-
tric deep freezer which, together with the large refrigerator,
is a major user of domestic electricity. Space in the harvest
kitchen or pantry could be allotted to a conventional freezer,
preferably of the top-opening chest type, but the prudent
householder will not allow it to displace the several other me-
thods of food preservation which are thoroughly satisfactory
and which are not dependent on high commercial energy in-
puts and on complicated technology.

Several of the schematic house designs presented in Ap-
pendix C suggest some of the arrangements of these various
working spaces in relation to the main suntympered house plan.
It must be emphasized that these designs gslre suggestive only,
as requirements vary greatly from family to family and many
householders have strong opinions as to the desirable kitchen
and work space layout. Also the actual equipment installed will
vary greatly according to the dietary habits of the family and
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the ambitiousness of its food production program. Obviously
such processes as cheese-, butter- and wine-making will require
special equipment and perhaps special work spaces to be car-
ried out efficiently.

Hot water for kitchen, harvest kitchen and laundry (as
well as for bathrooms) should be provided to as large an ex-
tent as possible by one or more solar water heaters. The gen-
eral placement of the collector panels and tanks for these heat-
ers is shown in the various schematic plans. The output of these
solar units may be backed up by heat exchangers in the flues
or fireboxes of wood heating stoves or even fireplaces,* or they
may be backed up by conventional butane water heaters (which,
however, will consume considerably less fuel than normal,
since the water fed to them will be at least preheated by the
solar units).

*See descriptive text for van Dresser house, Appendix C.




Backing-up the Suntempering System

PracTicAL EXPERIENCE AS well as theoretical studies indicate
that complete comfort level solar heating of a New Mexico
dwelling under all conditions is not usually feasible despite
the theoretical surplus of solar energy during the winter.
(There are one or two experimenters who report 100% solar
heating in their habitats, but this is achieved by systems and
methods of construction and insulation which are prohibitively
demanding for the average moderate-to-low income home
builder.) The practical percentage of solar heating for the en-
tire heating season, as mentioned before, varies from 50% to
80%, with the average reported in the range of 65-70%. The
deficiency may show up in the form of slightly subcomfort
temperatures over prolonged periods, or shorter periods of
temperatures in the low 50s or even lower in extreme weather.
For such periods fuel-generated back-up heating must obvious-
ly be provided (although again the amount of such back-up
will vary greatly according to the habits and temperament of
the house dwellers).

If this back-up is convertional heating apparatus—most
likely either butane- or gas-fired room space heaters or a cen-
tral forced warm-air furnace—for a well-insulated and tightly
built suntempered house along the lines so fer discussed, it
would probably be safe to size the heating units about one-third
smaller than would be standard practice for a conventional res-
idence of the same floor area. The actual fuel consumption by
this system might be substantially less than one-third below
normal, depending on the quality of the house design and con-
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struction, the accidents of the season and the management skill
of the occupants. But sufficient capacity should be provided to
handle unusually cold and cloudy periods. The safety factor
may vary for different areas of the house: those in constant
sedentary use (e.g., living room or study) require a higher tem-
perature for comfort than those devoted to active or infrequent
usage.

The same general comments apply to electric back-up
heating with the additional reservation that this is an inherent-
ly wasteful way of utilizing the energy of primary fuel (coal,
oil or gas burned at the power plant). Furthermore, power
companies whose technicians usually design and size electric
heating installations have generally not gotten around to rec-
ognizing the effectiveness of suntempering methods and, hence,
will make no allowance for them in their engineering. Finally,
their rate structures penalize the use of electricity in moderate
quantities for auxiliary purposes. These are factors which may
be modified in the next few years, but the inherent high cost
of electricity for general heating and the problem of meeting
peak load demands economically are not likely to alter.*

For many parts of rural and non-urban New Mexico, fire-
wood remains a practical and economic source of back-up
heating energy. (In this connection, it is interesting to note
that only with the year 1976 did the energy produced by nuclear
power in the United States as a whole equal that produced by
firewood.) In 1975 the combined officially reported firewood
gathered from all of New Mexico’s five national forests was
about 63,400 cords.** The potential heat energy in this much
wood amounts to about 16 million therms, or enough to heat
about 20,000 of our typical 1,800 square foot houses in the
Santa Fe climatic zone. Allowing for the working efficiency of
most wood burners, this figure should probably be cut in half.
However, the quantity of wood reported is probably consider-

*The heat pump, a thermal-mechanical machine for con-
centrating low-temperature warmth into higher-temperature
heat, uses electricity several times more efficiently than ordi-
nary resistance heaters. It is a relatively expensive industrially
produced device.

**Special compilation by the Technology Application Cen-
ter, University of New Mexico.
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ably below that actually gathered and no allowance is made for
the large quantities of waste wood consumed for no useful pur-
pose in the slab burners of the various regional sawmilis.

If all the houses utilizing this forest output for auxiliary
heat were suntempered, weil-insulated and equipped with
wood burners of maximum efficiency, the total number could
well be in the range of 40,000 or more. Bearing in mind that
the fuel supplied in this fashion is essentially waste, scrap and
forest thinnings and, if properly managed, does not harm the
sustained yield management of our forests, it is obvious that
this is an important potential in the overall energy budget of
the State and the economic well-being of many of its inhabitants.
It might also be pointed out that in the average family wood-
gathering operation, the B.T.U.s per load of wood gathered
probably is at least 16 times greater than the B.T.U. value of
the gasoline expended for the purpose. This compares not un-
favorably with the extraction and distribution costs in energy
for most commercial fuels. It further follows that the villages
and towns of the rural uplands regions situated close to wood-
ed and forested lands have a particular advantage in this ener-
gy-conserving respect. The economic development and redevel-
opment policies of the State should take this into account as an
alternative to the unlimited growth of a few larger cities and
their suburbs. These entities are notoriously energy-consuming.

As to the specific means by which wood heat is utilized in
the home, some general comments are warranted here:

(1) Wood burning heaters, particularly some of the mod-
ern thermostatically controlled types, ace substantially more
efficient than even the best fireplaces. Where wood is seriously
depended on for consistent and prolonged supplementary heat
rather than for occasional room tempering, such stoves should
be used.

(2) They should be located centrally in the rooms or
spaces they are intended to heat, not pocketed in corners. Bear
in mind that a good proportion of their heat energy is given off
in the form of infrared rays which can be picked up and stored
in adjacent walls, just as solar heat is stored. For this purpose
the same type of massive walls previously discussed, externally
insulated where exposed to the outside, are desirable.

(3) The large conventional British-type fireplace should
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be avoided, despite its sentimental attraction. Such a fireplace
(“big enough to roast a steer in’’) is a glutton for logs, and a
large percentage of the heat it produces goes up the chimney.
However, the small traditional New Mexican arched fireplace
may be used to good effect and for occasional chilly evenings.
It may be built cheaply, mostly of native materials, and if prop-
erly designed can be quite efficient. The “shepherd’s fireplace”
is a variant of this type. If is proportioned to maximize the area
of hot firebox surface radiating outward into the room.

Other variants are circulating fireplaces (with fireboxes
jacketed in metal so that they act as miniature hot-air fur-
naces), various versions of the Franklin stove and the free-
standing circular fireplace with metal hood. All fireplaces
should be equipped with closable dampers to cut down heat
loss when not in use. There is a considerable range of opinion
as to the relative excellence of these various types, and not
much scientific data on which to base judgment. A consensus
seems to be forming, however, that it is worth installing a spe-
cial duct to bring cutside air to the firebox of most fireplaces.
This provides the essential combustion air without drawing on
the already warmed air of the room and wasting it up the
chimney. There are a number of good manuals on this subject.
(See Bibliography.)

(4) There is room for improvement in the layout of houses
in which wood is the prime source of auxiliary heat. Covered
firewood storage should be provided with convenient access to
the principal wood burning devices. (Oddly enough this simple
arrangement is not usually found even in old farmhouses of
the region.) These storage spaces should also be convenient to
truck delivery of firewood if it is purchased already cut and
split, or to some sort of outdoor work space in which logs or
slabs may be stockpiled, sawn and split as nee.ded.

A more thoroughgoing design adaptation to efficient wood
heating is through the use of one central warm air furnace
from which heat is led to the various parts of the house through
ducts. A generation or two ago this was common practice and
warm air furnaces installed in cellars from which the heated
air could rise by convection were standard units. Such furnaces
have completely disappeared from the market, but it is possible -
that the present revival of interest in locally available fuels will
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bring them back in more modern and efficient forms. Appendix
C shows a house design for a partial adaptation of this princi-
ple, using a large wood space-heating stove as a central unit
with supply and return ducts to distribute the heat throughout
the house.

It should also be mentioned that most of the preceding
comments apply also to the use of locally mined coal. There
are a fair number of mines scattered throughout the State which
have continued to be worked in a small way and it is possible
that the energy crunch will make such operations more finan-
cially feasible. Here again such alternative energy development
would be greatly aided by the availability of domestic-sized but
efficient coal-burning furnaces and cooking ranges designed for
clean combustion and the minimal emission of smoke. Used in
suntempered and energy-conserving houses, the actual amount
of coal such units would require could be quite low, thus jus-
tifying the higher costs of mining and transporting ander pres-
ent and near-future economic conditions. (The famous AGA
cooking range invented in Sweden by a Nobel prize-winning
physicist is said to maintain full baking and ccoking heat for
24 hours on one bucketful of coal.) It is to be hoped that New
Mexican inventors, manufacturers and development authori-
ties will combine to explore such possibilities.

A more exotic source of fuel-—methane gas generated by
the decomposition of organic wastes—is now much discussed
by the advocates of alternative energy development. The best
future for inis technique appears to be at the community, town
or small city scale, where sizable amounts of a variety of or-
ganic wastes can be collected and processed in a plant with a
fair degree of technical sophistication and scientific manage-
ment. Good sized stock-raising or dairy rarms may also support
such a process, where large quantities of animal manure are
regularly available. In fact, methane generators were in ex-
tensive use on French hog farms in the 1940s, according to a
pamphlet published by the French Forestries Service.* Well
documented cxamples of continuously successful applications

*Gaz de Fumier a la Ferme, by F. Mignotte, La Maison
Rustique, Paris. Librairie Agricole, Horticole, Forestiere et
Menagere, 26 Rue Jacob.
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by individual householders using only the wastes from the
household are, however, virtually non-existent. Here again it is
to be noped that research and pilot development of communi-
ty-sized methane plants will be vigorously pursued in New
Mexico, particularly in situations where the fertilizer byproduct
can effectively be applied in intensive farming and market

gardening.* '

*The Four Corners Regional Commission has contracted
with the Colorado Energy Research Institute for small-scale
demonstrations for methane gas generation utilizing agricul-
tural wastes and is currently negotiating a contract for the de-
sign and engineering for large-scale commercial production of
methane gas utilizing agricultura! waste.




Solar Water Heating

THE DIRECT USE OF THE sun’s radiant energy for the heating of
water is probably the most successful and widespread tech-
nique in the field, dating bacl: to the 1920s in southern Florida
and California and having very considerable application in
rouniries such as Austiralia, Tsrael and Japan. Before World
War II the technology of simple domestic solar water heaters
was standardized in Florida and a recent pamphlet well sum-
marizes this technology.*

Despite this history of achievement, it cannot be said that
a time-proven, low-tc-moderate-cost solar water heating unit
which car be recommended to New Mexico home builders exists
either as a manufactured package product or as a standardized
de-it-yourself kit or set of instructions. There are several rea-
sons for this. The most obvious is that in New Mexico we have
to reckon with below-freezing nights a good part of the year,
even though daytime sunshine is usually sufficient for water
heating. A system which works well in climates where ireez-
ing temperatures occur rarely or nct at all cannot be simply
transplanted here, as the large exposed area of water-filled
tubes or channels which make up the typical collector panel
will probably be ruptured on the first freezing night. Solutions
exist for this problem, but thanks to the orgy of superscale pe-

*Published by the Environmental Center of the Florida
Conservation Foundation, Inc., 935 Orange Avenue, Suite E,
Winter Park, Florida 32789. How to Build e Solar Water Heater,
ggeé)gred for the Fiorida Energy Committee, 24 pp., June 1975,

£733
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troleum expioitation which followed World War II, the tech-
niques necessary were not worked on seriously. It is only quite
recently that this situation is beginning to improve, but the
state of the art is in process of change, and we are still await-
ing practical, widely applicable systems—which indeed may
weil be different from region to region and for different eco-
nomic and lifestyle conditions.

The problem is further complicated by skyrocketing prices
of the main materials used in the original systems-——copper
sheet and copper tubing, which are now almost prohibitive.
Still another complication is the enormously increased scale
and centralization of manufacturing. Specialty items for solar
water heaters—such as storage tanks, collector panels and heat
exchangers—formerly could be produced at relatively small
scale and reasonable cost in local or regional metal fabricating
establishments. They are now almost unobtainable unless or-
dered in very large quantities, or unless custom-made at ex-
tremely high prices. (Incidentally, the same difficulties anply
to the production of other energy-saving devices such as wind
pumps, wind generators, bicycles and woodstoves which, if
manufactured at all, cost many times more than they used to.}

This does not mean that successful solar water heaters
cannot be built in New Mexico. A considerable number have
been and are being installed, but they tend to be either the re-
sult of individual ingenuity and resourcefulness in the use of
available or salvage materials, or expensive units assembled
from manufactured elements.

At this point it will be helpful to look at the kinds of sys-
tems which are beginning to be worked out as a result of many
diversified efforts.

By far the most common is one version or another of the
classic Florida-style heater already mentioned. (See Figure
14.) This system consists of an elevated and heavily insulated
storage tank, usually of 80 to 100 gallons capacity, connected
through riser and return pipes to a tilted solar collection panel
below it. This panel, essentially a shallow glass-covered box
containing a zigzag or grid of black-painted pipe soldered to a
black-painted metal backing, is—during sunny periods—a
source of heated water which rises to the upper part of the
tank by natural convection and gradually fills it in the course
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of the solar day, while the cooler water at the bottom drops
down to the panel to be heated in its turn. Under streng sun-
light the water so heated may frequently reach 160°F. or even
higher, if the various parts of the system are correctly propor-
tioned. Often the collector panel is installed on the south slope
of a gabled roof with the tank in the peak of the attic or if nec-
essary in a false chimney or turret. Water in the whole system
is maintained under city pressure and is withdrawn from the
top of the tank as needed, just as in a conventional gas or elec-
tric water heater.

This system is modified for service in a climate with peri-
odic freezing temperatures by filling the collector pane” and
the riser and return pipes with antifreeze sclution rather than
water. This part of the system is no longer connected directly
into the storage tank but to a heat exchanger (most commonly
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a jacket around the tank) which allows the hot antifreeze fo
heat the water inside the tank without mixing with it. (See
Figure 15.) The physical principles governing this system are
easily understood and a few fairly simple rules-of-thumb are a
useful guide for building and installing it. Some of these are:
the area of collector panel should be roughly one square foot
for each gallon of storage capacity. It should face within ten
degrees or so of due south, and its tilt should be roughly equal
to the latitude of its location (around 36 degrees in northern
New Mexico). The riser and return pipes should slope as uni-
formly as possible upward to the tank, with no dips in which
air pockets may form to stop the natural circulation of the anti-
freeze. The bottom of the tank should be not less than 2 or 3
feet higher than the top of the panel. The antifreeze circuit
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should be vented at its highest point o allow escape of air
bubbles and there should be excess capacity above the hot in-
let to the heat exchanger jacket, to allow for expansion and
coniraction and for the gradual loss of solution. As in any wa-
ter heater, the hot feed to the house should be connected to the
top of the tank and the cold supply to the tank introduced
through a drop-pipe which leads down to within a few inches
of the bettom. The tank and antifreeze hot riser should, of
course, be well insulated.

There is little in question about these general principles.
The main challenges to present-day builders and installers of
such systems are: how and of what materials may an efficient
and long-lasting collector panel be built or acquired at reason-
able cost? Where can one obtain a pressure-tight, corrosion-
proof storage tank of the right dimensions and with the neces-
sary connection fittings for solar use? What sort of heat ex-
changer can he fitted to this tank to give efficient leak-proof
long-term service for a moderate investment? How hest may
the entire system be designed into a house to avoid excessive-
ly long pipe runs and awkward “plumber’s nightmares,” while
still providing convenient access for maintenance?

Responses to these various questions are still individual-
ized and quite varied. There are no prepackaged or widely ac-
cepted solutions. This is to be expected. The state of the art is
about comparabie to that ¢f the automobile industry in 1910.
But techniques, products and practical know-how are gradual-
ly evolving. Several manufactured collector paneis are on the
market (although the prices, bottoming at about $8 per square
foot, exclusive of shipping costs from eastern points or foreign
nations, are not encouraging to the moderate-income home
builder). Resourceful inventors and experimenters are build-
ing their own panels cut of galvanized sheet or corrugated iron
roofing, aluminum, or copper sheets and tubing (despite its
expense), cast concrete, and even plastic pipe which will not
rupture when frozen. The collector panel has been bypassed
entirely by heating water through a heat exchanger placed in
the path of the warm air from the main house-heating panel,
or by enclosing the storage tank itself in a reflecting shell ex-
posed to sunlight by day and closed by heavily insulated hatches
at night. Storage tanks are devised of salvaged gas water heat-
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ers or pressure tanks. For the present the energy-conserving
home builder must depend in this field on his own knowledge
of basic physics, his craftsmanship and resourcefulness, or
must find someone with these qualities who has already ac-
quired some practical know-how. Fortunately this situation is
rapidly improving and, within a decade, knowledge of the sub-
ject will be widely diffused and products and practitioners of
the art will be much more available. In the meantime it may
be stated that solar water heating is a natural for New Mexico
and is well worth the atiention of pioneers in the movement
towards resources conservation and non-exploitive living tech-
niques.




The Special Genius of New Mexico

THOSE WHO HAVE READ THROUGH this book to this point will
have discovered for themselves that it is not a detailed, step-
by-step how-to-do-it manual or building trades handbook. This
is not accidental. There are a number of such works on the
market and available at bockstores and libraries, which go at
considerable length into the details of adobe-making and lay-
ing, the placing of footings, the setting of window and door
frames and lintels, the framing of roofs, the installation of sani-
tary and supply piping, and so on. An attempt has been made
to list several of these references-—a number of which have
been published specifically in and for New Mexico—in the
Bibliography.

Over and above this generally accessible “book learning,”
however, there is—especially in rural and traditional New
Mexico—an unusually widespread working familiarity with the
realities of home construction using native materials at hand.
There are many communities within which the building of a
house is still very much a family affair, with several genera-
tions participating in the mixing and laying of adobe, tite haul-
ing in, barking and placing of vigas, and all the other steps in
creating a habitation literally from the ground up. And this
familiarity is being generously shared with new settlers in the
region, many of whom have become skilled craftsmen and
small building contractors in their own right.

This is an ideal situation for the nurturing and diffusion
of an effective latter-day folk technology in solar utilization,
As indicated in our opening remarks, its grassroots practition-

[79]
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ers have already pioneered valuable pilot experiments in the
field and, as a result, New Mexico now has an internaticiial
reputation for this type of pioneering.

Government policies, it is hoped, will be designed to fa-
cilitate and reinferce this trend. Research funds should be al-
lotted as much to small-scale low technology projects as to im-
pressive corporate or instifutionally sponsored—and highly ex-
pensive-—advanced proje-ts. Building and zoning codes should
be carefully thought out to encourage intelligent use of low-
cost indigenous material, and sufficient vocational trammg
programs should be directed to the same ends.

A small but promising start has been made in the current
New Mexico legislative provision for a tax rebate on solar ele-
ments in home construction. It is important that this law be in-
terpreted to include elements of simple passive systems, and
not only factory-made components.

Considering the circumstances, it was felt most useful to
direct this book towards this widespread body of independent
artisans and owner-builders in the State. For such readers a gen-
eral survey and getting together of known basic principles of
suntempering and climatic design would be of intcrest, while
over-specific presentation of construction details would be un-
necessary and perhaps even presumptuous, would resuit in a
cluttered text and conceivably get in the way of the sort of
creative and innovative application of basic principles which
leads to progress. For those starting from scratch, and wishing
to be filled in on the ABCs of practical building, there are the
references already cited, and also the most valuable resource
of the advice and example of knowledgeable neighbors. The
State is also fortunate in having one of the largest and most
active regional solar organizations in the world—the New Mex-
ico Solar Energy Association—which maintains information
and demonstration programs.

In short, the stage is set in New Mexico for a breakthrough
in the effective development of a true non-exploitive, ecologi-
cally adapted economy and lifestyle at the grassroots level. We
may sincerely hope that the special genius of New Mexico will
make a unique contribution to the solution of looming national
and worldwide problems in the coming decades.
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APPENDIX A
BUDGET

Allocations provided by the Four Corners Regional Com-
mission to the Sundwellings team over a two-year period:

Category

Design

Reproduction and Printing
Technical Review Team
Project Coordinator
Secretarial and Bookkeeping
Travz]l Expenses

Ghost Ranch Administrative
Demoncstration Materials

£83]

Allocation

$ 4,000
2,000
10,600
9,200
1,000
1,000
1,500
4,700

$34,000
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APPENDIX B
CONTENTS OF PROGRESS REPORTS

Individual papers listed below may be obtained from the
Four Corners Regional Commission, Suite 238, Petroleum Build-
ing, 3535 E. 30th Street, Farmmgton, N.M. 87401.

It is to be remembered that the art of solar heating is still
in the exploratory stage. These papers are preliminary studies
and must be treated accordingly.

Progress Report, December 1974 Page No.
Summary of Activities, by Peter van Dresser (4 pp.)...ccooo.... 1
Meeting Notes, August 25, 1974, Rancho de Chimayo, by
B. T. ROgers (4 pp.) .ot 5
Thoughts for Sundwellings in Northern New Mexico, by
William Lumpking (11 PP.)ecceccveniierricreieeceeeeveee i 9

Notes on Discussion Meetmg with Residents of Rural New
Mexico on Practical Planning of Rural Homes, by Peter

VAN DIesser (2 PP. ) ccccriiiieirireennieseeasscraesraecessrrreecnns 20
Sundwellings Meeting, August 25, 1974, Chimayo, N.M., by
Francis Wessling (2 PpP.).vinicieeeeeirie e 23
The “Tombstone” Series, by B. T. Rogers (8 pp.)...cccccee... 25
In Situ Measurement of Adobe “U” Factor, by B. T. Rogers ]
(4 PD.) ottt erer e et a e s ee e e ee e ree s 3
“Tombstone” Series—Further Interpretations, by B. T.
ROZETS (6 PP.) ocoorreiiiiieieiteeicrree it ee e sises s ivee e s s 37
Bibliography on Cooling by Night Sky Radiation, by B. T.
ROBETS (3 PP-) coreeeeiiiiiictceier et rres e 43
Thermal Energy Storage in Adobe and Stone Structures,
by Francis Wessling (19 pp.) ..o 46
Further Computer Analysis of Solar Energy Absorption in
Adobe Structures, by Francis Wessling (4 pp.}............. 65
Design Proposal I—Sun-Tempered House, by William Lump-
KINS (5 PP ) ¥ et cerrmne et e ris s s s aaarrea s 69
Design Proposal II—The Modified ‘“Trombe” House, by Wil-
liam LumpkKing (2 PP.) %o 74
Sundwellings House Design Proposal, by Peter van Dresser 76
(5 Y e rte e et e e e e e bte e eae e sras s neneen
FlnanmalfpSummary, by Aubrey Owen (1 p.)..ccoeciiiiinnnnin 81

Progress Report, March 1975

Summary of Activities, by Peter van Dresser (6 pp.)........... 1
Notes on the Drawings, by William Lumpkins (5 pp.) *........ 7
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Page No.
Sundwe]lings* House Design Proposal, by Peter van Dresser
(5 PP)¥ oot e b e 12
Memorandum on Thermal Transmission through an Adobe
Wall, by Francis Wessling (3 Pp.)....ccovureenessaniciennninenn 17
A Solar-Heated Fruit and Vegetable Drier, by Peter van
DIresser (3 PP-) cooeercrsevremmremsirnseessrosiaeassoessnessmssesssssnessssnes 20
Financial Summary, by Aubrey Owen (1 p.)..ccovvvvvnvecennn. 23
Progress Report, June 1975
Summary of Activities, by Peter van Dresser (4 pp.)............ 1
House Plans C-1 and C-2, by William Lumpkins (5 pp.)*...... 5

Thermal Analysis of “X” House, by Francis Wessling (3 pp.) 10
Preliminary Thermal Analysis of Sundwellings Level-Site
Convective Design with Supplementary Roof Collection,

Part 1, by B. T. ROgers (6 PP.)..ccccoeemienieenrennrcnncininnseenaen 13
Thermal Analysis, Overall House Performance, Part 2, by

B. T. ROZETS {4 PP.).vorciriceiiresinsienininnnnrissicsessnnsan s 19
Thermal Analysis, Performance of Cool Storage Room, Part

3, by B. T. Rogers (2 Pp.).cvvnninniinnsseevcerensnisecans 23
Thermal Analysis, Domestic Water Heating Installation,

Part 4, by B. T. Rogers (1 P.}occviriiniiiicniivin e 25
Jemez House Boys Ranch Correspondence (1 p.)................. 26

Preliminary Estimate of Heat Surplus Delivered by Attached
Greenhouse, by B. T. Rogers (2 tpp.) ................................ 27
Horizontal Black Painted Adobe Roofs, by Francis Wessling 2
(2 D) cveorevcrerericereessreesecaesreanneensestesasssenssesraassasatasasasase
}f-tesidentP [iieaction to Distribution of Preliminary Design
Plans, by Aubrey Owen (2 pP.)..ooiviiieninnrcnenvenioninnnes 31
Proposal for New Mexico CETA Title 1 Manpower Training
Program for the Ghost Ranch Conference Center, by
James W. Hall and Peter van Dresser (7 pp.)...ccccocmvueee 33
Financial Statement, by Aubrey Owen (1 p.)...cccoeinninnnns 40

Progress Report, September 1975

Summary of Activities, by Peter van Dresser (4 pp.)............ 1
Demonstration Grant Proposal for Ghost Ranch Conference
Center, by James W. Hall and Peter van Dresser(2 pp.) 5
Demonstration/Test Dormitory Modules for Proposed Man-
power Training Project, by David Wright and Peter
van Dresser (9 PP.) % o 7
Earth-Built Suntempered Shelter, by David Wright (1 p.).... 16
Small Dormitory House with Roof Collector and Analysis
of Thermal Performance, by William Lumpkins and
B. T. Rogers (12 PP.) ¥ it 17
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Page No.
Abstract of Paper Preserted at ISES Congress, by Keith
Haggard (4 PP.) coovirivriiiccinrcnrecrcrireecieeensecerinaesssannnenes 29
Financial Statement, by Aubrey Owen (1 p.)...ccooviviinecaens 33
Progress Report, December 1975
Summary of Activities, by Peter van Dresser (3 pp.)}...cc...... 1
Outline for Sundwellings Manual, by Peter van Dresser
(5 PP.) ittt ra s s ataes 4
Sample Figures for Manual, by Mark Chalom (4 pp.)*.......... 9
Draft of Contract for Office of Manpower Administration
Grant, by Les Fishbein (19 pp.).vciiviiri e 13

Grant Proposal to New Mexico Energy Research and Devel-
opment Board, by James W. Hall and Peter van Dress-

EF (B PP.) oottt sa e st 32
Site Selection Evaluation, by B. T. Rogers (4 pp.)...ccoocvvnnenn. 38
Financial Statement, by Aubrey Owen (1 p.)..ccocveeveinvrnnnneen. 42
Progress Report, March 1976
Summary of Activities, by Peter van Dresser (2 pp.)............ 1-2
CETA Subgrant Text, by James W. Hall and Les Fishbein,

with Supporting Correspondence (49 pp.)....ccveveennen. A1-49
Revised Demonstration Buildings (12 pp.)*...cccoveeiennivannns B1-12
Arizona State University Solar Forum Paper, by Peter van

Dresser (42 Ppp.) oottt rre s rsresee s C1-42
Letter from New Mexico Energy Resources Board, by Daren

W. Lucke (1 p.)eeeeveeennee erteeer e rreeerasterareaeesirern bt reanes D1
Financial Statement, by Aubrey Owen (1 p.)....cccovvvrvneennnn. El

*Designs are all preliminary and are not for general release, but
may be inspected at office of Four Corners Regional Commission
and at the New Mexico Solar Energy Association, mailing address
P. 0. Box 2004, Santa Fe, N. M. 87501.
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APPENDIX C

SUNDWELLINGS DESIGNS
Expandable Prototype House

The following schematic designs are not intended to be
working drawings but are included to suggest how a simple
suntempered home of adobe might be laid cut for the home
or self-help builder. The house is designed to be expandable
from a minimal unit of a living room, kitchen and bath (Figure
C1) to a four-bedroom house with study or shop, 114 baths,
cool-storage room, pantry and summer kitchen (Figure C4).
All the versions of this house may be built with or with-
out the south-facing greenhouse, although the greenhouse ver-
sion will probably perform better thermally and will generally
we desired by the home builder as offering special side benefits.

Figure C1 shows the initial minimal unit—a simple rec-
tangular structure 28’ x 35’ with a gabled roof, It is construct-
ed of 14” thick adobe walls with ceiling of local lumber sup-
ported on vigas (peeled logs). Over this ceiling is an ordinary
gabled roof formed of rough lumber and roofed with either
galvanized iron or 90 Ib. slate coat. On top of the ceiling is a 10”
layer of any type of available insulation—perlite, coarse saw-
dust, 6” of glass wool, etc. The north wall of this unit is shown
with temporary furring filled with the same insulation to shield
against the cold northern exposure. Later this wali will become
an interior wall and then the temporary furring can be removed
and the lumber used elsewhere in the building.

The west wall may also be treated in the same fashion if
expansion is contemplated; otherwise this may be a double wall
filled with pumice. The space under the north portion of this
unit is shown as an open portal for the storage of tools, fire-
wood, and the many other necessaries which must be kept un-
der shelter during the pioneering phase of the occupancy.

The south wall of this unit will consist either of large di-
rect gain windows or such windows alternating with sections of
Trombe wall, as described in the text. If a greenhouse is built
or contemplated, openable sash must be provided at the top and
bottom of these windows to allow free circulation of warm air
from the greenhouse into the main building and return cool air
circulation at the floor level. This return circulation may be
made more efficient by the provision of one or more ducts un-
der the floor, leading from the rear of the room to the base of
the greenhouse (Figures C8 to C10). They may be simply made
of treated lumber, salvaged culvert, etc., but should be at least a
square foot in cross section. In either case, openable windows
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in portions of the south exposure are essential.

Suggested low-cost native material floors are: adobe hard-
ened with linseed oil, bitumen or one of the new plastic base
sealers; flagstone laid in adobe and pointed with cement mor-
tar; or brick laid in sand. In all cases perimeter insulation
should be provided (see cross section figures and main text).

Figure C2 shows the next phase of expansion of this unit.
The northern portal space is now utilized for a small bedroom
or study, paniry, a cool-storage room and a small wood-storage
portal. Interior insulation is provided on the inner south wall
of this room to guard against inflow of warmth from the main
house into this area.

Figure C3 shows two more bhedrooms added to the west
side of the house. The smal: initial bedroom may be maintained
as such or converted to a workshop or utility room, according
to the needs of the family. A summer kitchen is shown added
to the east facade. This may or may not be desired, depending
on the extensiveness of the food preparation of the family.

A small sheltered overhang is provided at the rear of the
newly added bedroom for firewood storage. Firewood from this
supply may be carried into the house through a door into the
study or shop. A small modern wood heater is suggested in the
northeast corner of the living room.

Figure C4 shows the final expansion of the design into a
four-bedroom home. A half hath is added between the two
westernmost bedrooms. The summer or harvest kitchen is
not shown in this particular design but could be added with no
complications. The greenhouse is shown running the full length
of this structure but, if desired, it could be stopped short of the
two westernmost bedrooms and direct gain or Trombe wall sub-
stituted for the south exposure here. However, the greenhovse
would shade this facade in the morning hours and would prob-
ably somewhat lower the efficiency of the solar function.

Figure C5 shows a typical cross section through the bath-
room sector of all versions of this house. It also shows schemat-
ically the mounting of the solar water heater panel and tank.
The exact location of this element would depend on the wishes
and pocketbook of the builder. If the expected consumption of
hot water is low, a single collector and tank roughly centered
over the bath-hall room area might be adequate, although it will
require fairly long runs to carry the hot water to the kitchen
from the storage tank. In this case the tank and collector should
be relatively large—probably not less than 80 gallons capacity
—and with 80 square feet of collector surface. The general
principle governing such installation is described in the text
and the Bibliography contains specific reference material on
the components of such systems.

Alternatively, two smaller tanks and collectors might be
placed, one over the bathroom area and one over the kitchen
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area. It might be desirable to connect these solar tanks to small
capacity gas or electric water heaters in the kitchen and bath-
room it an absolutely reliable source of hot water is desired and
is financially possibie for the builder.

Another alternative would be to install a heat exchanger
in conjunction with the flue of the kitchen wood range to pro-
vide a supplementary source of hot water.

Figure C6 is a section through the westernmost bedrooms
of the largest version of the house. This shows a break in the
roof necessary to provide the slight additional depth for the
additional bedrooms and half bath at this end of the house.

Figure C7 suggests a means of capturing additional solar
warmth for any of the rear bedrooms of the house. Air heated
within the attic space is sucked down through a simple duct
leading into the desired bedroom. A low-wattage blower or fan
is necessary in this portion of the system. It might be controlled
thermostatically or even manually. Cool air, in return, is sucked
into a duct at the north end of the room and is conducted to the
south lower corner of the attic space. These ducts may be very
simply made of 1x10 lumber and, where they run down interior
walls, could harmonize with the general style of the house. To
increase the effectiveness of this sytem {(which has come to be
called the “Florence flow system’” by the Design team, since
the author’s wife thought of it while working in the hot attic of
our tin-roofed, 200-year-old adobe house on a freezing but sunny
winter’s day), an interior partition is carried up inside the attic
to seal off the colder northern portion of the attic.

Figure C8 shows a flat-roofed variation of the general plan
for those who prefer the pueblo silthouette and can handle the
necessary built-up roofing for the flat area. In this design the
rear bedrooins are heated by clerestory windows, double-glazed,
with closable shutters for night insulation.

Figure C9 shows a simple jean-to greenhouse applied to the
gabled-roof version of the design. Note that the greenhouse is
excavated slightly below the interior floor level. This allows
greater south-facing area and also provides some stabilization
of temperature by the surrounding earth.

Figure C10 shows a more ambitious greerhouse with ver-
tical south wall. The sloping roof provided by this greenhouse
allows a lower mounting for one or more water heater panels,
thus permitting the installation of a larger tank in the attic
space, while still keeping the bottom of this tank above the top
of the collector panel. This figure also shows the corner fire-
place in the living room with its chimney tall enough to clear
eddy currenis from the roof ridge.

Figure C11 shows a convection circulation underfloor rock
storage system suitable for a site with a definite southward
slope. A layer of smooth uniform fist-sized rocks is provided
under the floor from 18-24” deep. Heated air from a collector
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panel 1s conducted across the top of this bed through an air
space; thence filters down through the bed as it cools, and re-
turns to the lower edge of the collector panel. In this case the
floor may be formed by laying new or good salvaged corrugated
roofing on spacer bricks, then filling with sand or earth carry-
ing brick, flagstone, or hardened adobe, as suggested previous-
ly. The mass of this floor will provide part of the storage sys-
tem and will gently and uniformly radiate warmth into the
room above. The return air space under the rock bed may be
formed by laying coarse mesh, again on spacer bricks. The
n;jesh should be capable of supporting the weight of the rocks
above.

Figure C11 also sketches a warm air-venting system as dis-
cussed in the text and installed in the Ghost Ranch test/dem-
onstration buildings. A large chimney-like stack (which may be
made of wood) is built in the roof adjacent to the ridge. Small-
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er vents, not less than one foot square, are built in the ceilings
of the various rooms, communicating with the attic space. These
vents and the upper stack are closed during the heating season.
Several such stacks could be built, depending on the size of the
house. Each large stack should be no less than 4 square feet in
cross section. (See Appendix E.)

Figure C12 shows a different version of the subfloor system
with the coliector panel placed vertically on the southern stem
wall. This convective storage system might be used for only a
portiou of the house and can be used in conjunction with direct
gain, Trombe wall or Florence-flow supplementary sclar heat.

It should be emphasized thai these plans are not working
drawings. They assume a knowledge of practical regional con-
struction techniques or the ability to acquire them and also
they assume that the builder has absorbed and will apply the
principles set forth in the main body of this book.
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van Dresser House, El Rito

The main characteristic of this design is the use of vir-
tually the entire roof area as an unglazed solar air-heating
panel. Although it is well known that an unglazed panel is con-
siderably less efficient than its glazed equivalent, this disadvan-
tage may be more than compensated for by the very large avail-
able area and the low cost of the construction. The roof will be
required in any case, and relatively slight modifications in its
design will enable it io serve as a collecior panel. The require-
ments of this design dictated a south-sloping single rake or
shed roof to give maximum exposure to the low winter sun
(Figure C13). The material selected for the roof covering is
ordinary galvanized corrugated iron roofing, as this material,
especially when weathered, has very good absorbing character-
istics and, to some extent, inhibits the reradiation of infrared
heat. The air collecting feature of the roof is provided by
spacing this corrugated roofing about 14” above the regu-
lar roof sheathing (Figure C14), thus providing a laminar space
in which hot air can accumulate and rise toward a high north
eave of the house. Along this eave a collecting duct is provided
with several down ducts leading to a rock storage pit under the
north corridor of the house. In these ducts small low-wattage
blowers or axial-flow fans provide the necessary down draft.
This pit is fairly conventional in design with clean fist-sized
recks and provision for the air to enter it at several points for
even distribution through the bed. After passing through the
bed, the air is released into the north corridor through vents
along the base of the wall and thence makes its way to intake
vents at the south end of each room and is drawn up to the
lower edge of the roof panel where it is reheated and recircu-
lated.

Beneath the air flow space forming the upper layer of the
roof, there is a complete second roof 8” thick filled with saw-
dust for inexpensive but effective insulation, and supported on
3x8” transverse rafters, This roof, therefore, is not to be con-
fused with a skylight or greenhouse-type roof. It is very effec-
tively insulated froim heat loss to the night sky and the heat
gathered during the day is stored in the interior of the house.
From below the roof looks like the traditional northern New
Mexican ceiling using native lumber which may be rough-
planed and stained and rough-sawn rafters. Vigas could equally
be substituted for the sawn rafters.

The south sloping roof necessarily lowers the south facade
so that large high direct gain windows or Trombe walls are not
feasible with this design. However, a half-height waterwall ex-
tends for the full length of the south facade and forms an aux-
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iliary solar heat receptor and heat storage bank containing some
forty 17 gallon army surplus containers for direct absorption
and storage of heat (Figure C15). This waterwall may be closed
at night by hinged light-colored panels which, when down, re-
flect additional sunlight into the heat accumulator bank. The
space above this heat bank forms a continuous greenhouse or
conservatory, being glazed both at its outer and inner edges
with ordinary barn sash. A counter-high coniinuous seed and
planter bed is thus formed which may be used for winter greens
growing, for early seed flat forcing or flower raising and simi-
lar purposes. Every other sash is openable so that the plants
may be easily attended to. Direct sunlight through the band of
south windows plus stored warmth from the heat bank beneath
are expected to maintain this mini-greenhouse at growing tem-
peratures throughout the winter. Water outlets wiil be provided
for convenient care of the plants. The section of south facade
immediately facing the sunlit kitchen will differ somewhat from
this design, in that the upper portion will be designed as a vege-
table and fruit drier rather than as a conservatory. Thus the
householders may prepare and dry a wide variety of foods con-
veniently from within the kitchen with far less time and greater
convenience than traditional methods of direct exposure on
shed roof or similar improvisations.

The house plan itself is fairly conventional (Figure C16)
with a living room at the east end entered through a vestibule
or airlock and with a generous corner fireplace in the north-
west corner. The south end of this living room, directly adja-
cent to the glazed conservatory, serves as a dining area which
is conveniently accessible via a pass-through opening from the
kitchen.

A northside corridor serves a central bathroom and two
bedrooms at the western end of the house. Opening off the
north side of this corridor there are: a workshop, a cool-storage
chamber and a combination laundry-rough food preparation
room. These utility rooms need not be as well-heated as the
rest and serve as buffers against the northern chill. There is
also portal space for the sheltered storage of firewood here.

The main supplementary heat source is a small wood burn-
ing furnace located in its own compartment central to the house
and convenient to the wood storage portal. Warm air from this
furnace is conducted by overhead ducts to the two bedrooms
and living rcom, while subfloor cool air ducts draw cool air
back to the furnace room for reheating. A low-wattage fan in
this duct may be necessary to speed up circulation in unusually
cold weather.

Immediately above this furnace room is a dormer or turret
within which is housed the large well-insulated hot water tank
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for the house (Figure C17). This tank is heated primarily in
the summertime by a solar panel embedded in the slope of the
roof immediately south of the dormer. The tank is also heated
by a heat exchanger in the chimney flue of the wood burning
furnace below it, thus providing two sources of hot water for
the house. The hot water tank is quite close to both kitchen and
bathroom, thus eliminating a long supply run to these main
points of use.

In installing the flue-pipe heat exchanger provision should
be made for automatically bypassing it when the tank water
reaches about 165° F. This is necessary to prevent boiling of
the water during long periods of heater firing. This bypassing
may be accomplished by a thermostatically confrolled damper
which diverts the flue gases into a bypass flue or a separate
chimney.

The kifchen is a fairly conventional design except for the
solar crop drier which forms the south exposure. (This drier
may also be used for growing herbs during the winter months.)
The kitchen is equipped with a wood burning range as well as a
small LP gas stove for use in the summer, and with a conven-
tional refrigerator. However, auxiliary cool storage is provided
by the cool-storage chamber next to the laundry-food prepara-
tion room. This chamber is a modern equivaleni of the tradi-
tional subterraneo or root cellar and is kept cool by massive
walls, good insulation and a night sky radiating panel which
maintains a reservoir of chilled brine to hold temperatures
down within the chamber.

Traditional small corner fireplaces are provided in the two
bedrooms and one larger one in the living room for esthetic
reasons and for still another alternative source of warmth in
extreme conditions.

The roof collector also serves as a summer cooling system
by means of chimney-like vents placed at the high end which
may be opened in the summertime. The hot air accumulated
under the roof creates an updraft through these vents and
sucks warm air from ceiling vents within the house itself,
which are also opened during this period. Warm air is thus
vented automatically from the house on hot sunny and still days
and a gentle circulation created which tempers the house in-
terior with no expenditure of energy.

It is to be noted that several features of this house are ex-
perimental—principally the novel use of the roof as a collector
and the night sky cooling system. Hence it is not recommended
as one of the tried designs suggested in this book. However,
theire is considerable evidence that the system has good poten-
ial.

The continuous southward sloping expanse of the roof will
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also be utilized as a rain and snow-melt collector by means of a
gutter placed along the south edge with downspouts leading
through filters to one or more underground cisterns. Water
from these cisterns will probably be piped to the kitchen and
utility rooms and raised by simple pitcher pumps to simplify
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the installation as much as possible. This will supply soft water
for special purposes and a generous reserve in case of power
failure or breakdown of the water system.

A general view of the south facade of the house is shown
in Figure C18.
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APPENDIX D

—

SULAK CKUF DKIEKY

Several variations of solar vegetable and fruit driers de-
veloped in New Mexico are shown in the accompanying draw-
ings. These ali operate pretty much on the same principle: ie.,
air heated in a small collector panel is conducted info the bot-
tom of a drying chamber through which it rises by convection
to exhaust vents at the top. Fond to be dried is spread out on a
series of mesh racks placed in the chamber so that the warmed
air may pass freely around it. Glazed surfaces in the walls of
the chamber also permit direct sunlight to strike the food, thus
adding to the warming and drying effect. There may also be
some sterilizing effect from the proportion of ultraviolet ra-
diation which penetrates the glazing.

The following text was prepared by B. T. Rogers to de-
scribe the operation of the drier he has built and tested (De-
sign No. D1), but in general it applies to the other units de-
picted. More complete descriptions of the latter may be ob-
tained in a pamphlet published by the New Mexico Solar Energy
Association, How to Build a Solar Crop Dryer, 50¢ (Design No.
D3), and from the Brace Research Institute publication. A
Survey of Solar Agricultural Dryers, McGill University, Ste.
Anne de Bellevue, Quebec, Canada, $8.00. This publication con-
tains many other examples from around the world. Four pages
describing Design No. D2 may be obtained from the New Mex-
ico Solar Eneigy Association, Box 2004, Santa Fe, N.M. 87501,
30¢ plus postage.

* % k k & %

The manner in which a crop drier operates is much more
complicated than the casual observer might think. The serious
worker in this area would do well to consult Chapter ¢ of the
ASHRAE Handbook of Fundamentals and Chapter 18 of the
1971 Guide and Data Book (also ASHRAE). The following de-
scription is highly truncated and simplified; it should be ade-
quate for the small homesteader who wants to dry his produce.

When designing a drier for large quantities of a specific
product, onc must know a great deal about the rate at which
moisture diffuses from the interior of the product to the sur-
face where it can be carried away by the air. For the home-
steader’s application one must use the shotgun approach and
try to design a drier that will work pretty well for a wide vari-
ety of produce but will not represent the best solution for any
specific crop. My drier is expected to dry onion chips, walnuts,
apricots, apples, mint, and most anything else that comes along,
including laundry.
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In simple terms, here is how my solar drier works:

1. Air flows by natural convection through a solar coliec-
tor that heats the air. The collector has air flow on both sides
of the blackened receptor. It has generous flow channels so the
flow resistance is low and it moves a lot of air without too much
temperature rise; it is a free-breathing collector. We must warm
the air but it should not be allowed to get too hot. After all, we
are trying to dry the produce, not cook it. During the full dry-
ing season the chamber temperature seldom rises above 120° F.

When air is heated the absolute humidity remains con-
stant, but the relative humidity decreases and the air is hungry
for moisture.

2. The moisture-hungry air now enters the drying chamber
and is confronted with a mass of moist produce. A little thought
at this point will reveal that our drier is now assuming the role
of an evaporative cooler! As the air picke up moisture its tem-
perature drops. This is where the energetics of solar drying
come to the forefront: for each pound of moisture that we
evaporate from the produce, we must supply about 1,000 B.T.
U.s. The drier that we are considering has a rather unique fea-
ture. The drying chamber is also a solar collector. It is glazed
on three sides. As the air is being cooled by evaporation it also
is being heated by the sun. (An engineer would say that the
process rises above the wet bulb line and thus increases the
moisture burden.)

3. We now get rid of the air and throw it away along with
the moisture that it has picked up. On a calm day the air flows
out through the vent at the top of the drying chamber. Instead
of a flue cap we have a small wind turbine at the top of the
vent. We will say more about this later. This air is warmer than
the ambient air (less dense) which encourages it to rise and it
is also less dense because of its moisture burden. Moist air is
lighter than dry air at the same temperature.

Some drier builders have tried to recirculate the air with
the idea they are saving energy or something. They are wasting
energy (their own) as the air humidity quickly comes to equi-
librium—-their drier becomes a low temperature steam cooker!

4. This drier operates by natural convection. The forces
that produce natural convection are very delicate and easily
overcome by wind gusts or a steady wind from an unfavorable
direction. The wind turbine takes over under these circum-
stances and maintains flow through the drying chamber. A typ-
ical response to an unfavorable wind is for the chamber tem-
perature to drop about 10° F., say, from 120° F. to 110° F. The
flow of course increases to compensate for this temperature
change and the drying process continues. Wind turbines are an
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inexpensive solution to all sorts of problems with naturally con-
vective systems.

One of the nice things about this type of drier is that it
tends to defeat many pests that plague the homesteader. By
properly screening the flow passages and careful operation dur-
ing the loading phase, you can avoid producing high protein
dried fruit, i.e., a product infested with insect grubs. Another
advantage involves walnufs. Walnuts are easily dried in the
open without pest trouble, but you can lose a third of your crop
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to pifion jays who are brave, crafty, fast and disrespectful. The
drier does the job quickly and defeats the birds.
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Design No. D3 The Hopman Crop Drier

Ed. Note; Driers of this type also eliminate the need for rushing
food racks under shelter whenever a rain shower comes up, as is
necessary with customary open-air drying. They may also be built
into the south wall of a kitchen so that fruits and vegetables pre-
pared in the kitchen may be loade* into them directly without go-
ing outside. A number of versions .f Designs D2 and D3 have been
built arcund the State and operate successfuily without turbine ex-
hausts, but if 2 more positive air flow is needed turbine vents can
be installed on their roofs as in the Rogers’ design. In general, driers
of this type will cut drying time to a quarter or a third required for
opegx—air drying. They are not recommended for warm humid cli-
mates.
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APPENDIX E

THE GHOST RANCH SOLAR DEMONSTRATION
AND TRAINING BUILDINGS

An offshoot of the Sundwellings Program was the Solar
Housing Demonstration and Training Program funded jointly
by the New Mexico Office of Manpower Administration, the
Four Corners Regional Commission and the Ghost Ranch Con-
ference Center. The objects of this program were threefold: to
teach local builders and artisans the principles of simple clima-
tically adapted construction using low-cost, low-energy native
materials; to actually construct several prototypes of such
buildings and make them available for continuous public in-
spection and demonstration; and to compare the thermal per-
formance of several such buildings using differing (but all pas-
sive) systems of solar energy utilization.

To carry out these purposes, four simple two-bedroom dor-
mitory cottages were designed by the Sundwellings team. Each
building was 20’ x 40’, and of the same geometry except for the
different solar absorption elements on the south facades. Three
such elements were selected for trial: viz., a direct gain unit
(large double-glazed windows, Figure E1): a Trombe wall unit
(a dark wall of adobe behind double-glazing, vented at top and
hottom to allow circulation of warmed air into the house, Fig-
ure E2); and a greenhouse unit (Figure E3). A control build-
ing was also constructed of the same dimensions and materials
but with no special solar features other than ordinary windows
in the south facade (Figure E4).

Locally available materials were used as largely as possi-
ble in these buildings—adobe brick made on the site, vigas or
round ceiling beams cut in the adjoining forest, rough-sawn lo-
cal lumber, flagstone quarried nearby, coarse sawdust for ceil-
ing insulation and locally mined pumice for wall and perimeter
insulation. The general style was derivative from the traditional
folk architecture of the Hispanic Southwest. The construction
was carried out by trainees from the region; some of them were
Santa Clara and Jicarilla Apache Indian youths working under
CETA auspices (Comprehensive Employment Training Act).

As this book goes to press, the four buildings are substan-
tially complete and testing by physicists from the Los Alamos
Scientific Laboratories (Solar Division) is beginning. During
construction about 50 thermocouples were embedded at stra-
tegic points in each building—under the floors, in the walls, in
the ceiling insulation, etc. Also a small weather station, includ-
ing vertical and horizontal pyranometers, anemometer and am-
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- bient temperature gauge were installed. Readings from these
sensors are being recorded and will be analyzed intensively at
the end of the heating season.

In spite of the incompieteness of the buildings (not all
have storm sash, night curtains, ete.), preliminary indications
are that they will provide about 65 to 70% of their heating re-
quirements from solar input. Additionally, the convection vent-
ing system (shown in Figure E5) performed well in the sum-
mer of 1976 and kept temperatures in the building at less than
75° F. when the outside temperature reached 95° F. Finally,
thermosyphon solar water heaters, using antifreeze solution in
the collector panels and jackets around the 40 gallon roof-
mounted tanks for heat transfer, were designed and are par-
tially completed. Figure E6 diagrams the logic of these instal-

Jations.
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APPENDIX F
SOLAR ENERGY GLOSSARY

The following is adapted from glossaries prepared by: The
Glossary Committee of the Taos Solar Energy Association; Sun
Earth, by Richard Crowther, AIA, et al.; Energy Primer, pub-
lished by Portola Institute; and the New Mexico Solar Energy
Association.

Absorber plate or panel—a collector component that soaks up
radiant energy from the sun. The heat is usually carried
off by a circulating fluid such as water or air.

Absorbtivity—the ratio of absorbed to incident solar radiation.
For the visible range, dark colors absorb light rays more
readily than light colors; matte surfaces absorb better than
shiny surfaces. Used here in reference to solar absorber
panels and’/or their finishes. Measured as the amount of
radiiﬁlt}iﬁn absorbed as a percentage of incident radiation
available.

Active system—requires importation of energy from outside the
immediate environment: e.g., energy to operate fans and
pumps.

Air change—the replacement of a quantity of air in a volume
within a given period of time.

Air mass—the volume of atmosphere through which the sun’s
rays travel to reach the earth’s surface. When the sun is
directly overhead, this voiume and, consequently, the dis-
tance traveled through it, is at its lowest value. This is
sometimes called “air mass 1.” At ten degrees above the
horizon, sunlight is passing through approximately seven
times as much atmosphere (air mass) as at air mass 1.

Altitude—see solar altitude.

Ambient temperature—surrounding temperature, as tempera-
ture around a house.

Auziliary system (furnace)—a supplementary heating unit to
provide heat to a space when its primary (in this context
solar) unit cannot do so.

Azimuth—the horizontal angle formed between two lines: one
from an observation point to a cardinal reference direc-
tion, such as north or south; the other from the observa-
tion point to an object such as the sun.

Back-up system—see auxiliary system.

Berm-—earth mounded, as alongside a ditch. In solar construc-
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tion usage, earth mounded against a house wall or over a
roof.

Bioconversion (biofuels)—conversion of solar energy to fuel
by natural methods (such as fermentation or decomposi-
tion) from organic materials, as manure or plant wastes.

Biosphere—the zone of air, land, water at the earth’s surface,
occupied by plants and animals.

Calorie-—a unit of heat (metric measure). The amount of en-
ergy equivalent to that needed to raise the temperature of
one gram of water one degree Centigrade. One “large” or
“kilogram calorie” (1,000 small calories) is approximately
equal to 4 B.T.U.s.

Change of state—see latent heat.

Collector—a device for capturing solar energy, ranging from
ordinary windows to complex focusing optical concentra-
tors.

Collector angle (collector tilt)-—the angle between the surface
of a flat collector and the horizontal plane. A collector sur-
face receives the greatest possible amount of sunshine
when its orientation is perpendicular to ihe sun’s rays.

Concentrator—a device used to intensify solar radiation.

Conduction—the transfer of heat through materials (solids, li-
quids or gases) by molecular excitation of adjacent mole-
cules.

Convection—the circulation of gases or liquids. In natural con-
vection the movement occurs as a result of the tendency of
hot fluids to be less dense and rise and cold fluids to be
more dense and sink. In forced convection the fluids are
moved by a device such as a fan.

Cost-effective—worth the money. A system is cost-effective
when the long-term savings are greater than the long-term
costs.

Dead air - sace—a confined space of air. A dead air space tends
to reduce both conduction and convection of heat. This
fact is utilized in virtually all insulating materials and sys-
tems, such as double glazing, Fiberglas bats, rigid foam
panels, fur and hair, and loose-fill insulation such as pum-
ice, vermiculite, rock wool, styrofoam beads and goose
down.

Degree day (for cooling)—see degree day for heating, except
that the base temperature is established at 70" F., and cool-
ing degree days are measured above that base.

Degree day (for heating)-—an expression of a climatic heating
requirement expressed by the difference in degrees F. he-
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Iow the average outdoor temperature for each day and an
established base of 65° F. (The assumption behind select-
ing this base is that average construction will provide in-
terior comfort with no artificial heat input when the ex-
terior temperature is 65° F.)

deita T-—a difference in temperature (sometimes written At).

Diffuse radiation—sunlight diffused by air molecules or re-
flected from particles in the atmosphere, such as dust or
bmmsture. It comes from all directions, not in parallel

eams.

Direct gain—solar energy collected (as heat) in a building
without special solar collection devices. Examples: through
windows or abscrbed by roof and outside walls.

Double glazing—a sandwich of two separated layers of glass or
transparent plastic enclosing air to create an insulating
barrier.

Dry bulb temperature—a measure of the sensible temperature
of air (the one with which we are most familiar).

Duct—a channel or tube through which air or other gases flow.

Efficiency, thermal—the ratio of the useful heat produced at
the point of use in a given time period to the thermal en-
ergy input during the same time period, expressed as per
cent.

Emissivity—the property of emitting heat radiation; possessed
by ail materials to a varying extent. “Emittance” is the nu-
merical value of this property, expressed as a decimal frac-
tion, for a particular material. Normal emittance is the
value measured at 90 degrees to the plane of the sample,
and hemispherical emittance is the total amount emitted
in all directions. We are generally interested in hemispheri-
cal, rather than normal, emittance. Emittance values range
from 0.95 for brightly polished metals to 0.96 for flat black
paint. Most non-metals have high values of emittance.

Energy—the capacity for doing work; taking a number of forms
which may be transformed from one into another, such as
thermal (heat), mechanical (work), electrical, and chemi-
cal. It is most generally measured in kilowatt hours or Bri-
tish Thermal Units.

Energy storage—the ability to fix energy by conversion to other
forms (thermal, kinetic, potential, chemical, etc.) for la-
ter retrieval for useful purposes.

Eutectic salts—salts used for storing heat. At a given tempera-
ture salts melt, absorbing large amounts of heat which will
be released as the salts freeze. Example: Glauber’s salts.
The melt-freeze temperatures vary with different salts and
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some occur at convenient temperatures for thermal stor-
age such as in the range of 80° to 120" F.

Flat plate collector—an assembly containing a panel of metal
or other suitable material, usually a flat black color on its
sun side, that absorbs sunlight and converts it into heat.
This panel is usually in an insulated box, glazed with glass
or plastic on the sun side to retard heat loss. In the collec-
tor this heat transfers to a circulating liquid or gas, such
as air, water, oil, antifreeze or paraffin, which carries it for
use elsewhere.

Flow rate-—velocity at which a fluid travels, usually through an
opening or duct.

Freenel lens—a focusing lens, similar to a magnifying giass ex-
cept that the focusing is achieved at lower cost by a series
of concentric or parallel forins engraved or molded on a
flat surface of glass or plastic.

Frostline—the depth of frost penetration in the earth. This
depth varies {rom one geographic location to another.

Glazing—a covering of transparent or translucent material
(glass or plastic) for admitting light. Glazing retards heat
losses from reradiation and convection. Examples: win-
dows, skylights, greenhouses and collector coverings.

Greenhouse effect—refers to the characteristic tendency of
some transparent materials such as glass to transmit radia-
tion shorter than about 2.5 microns and block radiation of
longer wavelengths ( “‘heat rays”).

Heat exchangei—a device for transferring heat from one fluid
medium to another such as the old-fashioned heating ra-
diator (water to air), a gas water heater (hot gas to water)
or a solar water heater (air or antifreeze to water). Heat
exchangers always require a temperature gradient between
the two media and therefore lose heat in the exchange pro-
CEss.

Heat gain—an increase in the amount of heat contained in a
space, resulting from direct solar radiation and the heat
given off by people, lights, equipment, machinery and
other sources.

Heat loss—a decrease in the amount of heat contained in a
space, resulting from heat flow through walls, windows,
roofs and other building envelope components.

Heat pipe—a closed pipe containing a refrigerant, wick and air
space which will rapidly transfer heat from one end to the
other without any input of work.

Heat pump—a device which transfers thermal energy or heat
from a relatively low-temperature reservoir to one at a
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higher temperature. Heat normally flews from a warmer
region to a cooler region; this process is reversed when ad-
ditional energy is supplied by a heat pump.

Heat sink-—a body which is capable of accepting and storing
heat and, therefore, may also act as a heat source.

Heliostat—an instrument consisting of a mirror mounted on an
axis rotated by clockwork or other mechanism, used to
steadily reflect the sun in one direction.

Heliotropism—tendency to face towards the sun or other light
source.

Horsepower—a unit of power equaling 2,544 B.T.U.s per hour,
550 foot-pounds per second or 74€ waifs per hour.

Incident angle—the angle between the sun’s rays and a line
perpendicular (normal) to the irradiated surface.

Infiltration—the uncontrolled loss or gain of heat from air
leaks througn cracks in a building wall. It works either
way: cold air leaking in during cold weather; the reverse

~ in hot weather.

Insolation—incident solar radiation: the solar radiation re-
ceived per unit area of surface. insolation is usually meas-
ured in Langleys (see below) or B.T.U.s per square foot
per hour or per day.

Insulation—materials or systems used to prevent loss or gain
of heat, usually employing very small dead air spaces to
limit conduction and/or convection.

Kilowatt—a unit of electric power equal to 1,000 watts.

Laminar air flow—the smooth movement of layered air, usual-
ly the optimum condition in 2 duct system for air transport.
It is not desirable at heat exchanger surfaces where turbu-
lent flow is necessary.

Langley—the meteorologist’s unit of solar radiation intensity,
equivalent to 1.0 gram calorie per square centimeter, usual-
iy used in terms of Langleys per minute. 1 Langley per
minute = 221.2 B.T.U.s per hour per square foot.

Latent heat—heat content of a substance which is not indicated
by its “sensible” temperature but is embodied in the in-
ternal molecular state of the substance (e.g., whether it
is liquid or frozen). Heat energy stored in liquid water, for
example, may be Liberated when it freezes without change
of temperature.

Latitude—the angular distance north (+) or south {(—) of the
equator, measured in degrees of arc.

Passive system—operates on the natural energy available in the
immediate environment.

Photolysis—chemical decomposition caused by the action of
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radiant energy.

Photosynthesis—the process in which the sun’s radiation, in
certain specific wavelengths, causes water, carbon dioxide
and nutrients to react, thus producing oxygen and carbo-
hydrates in plants.

Plenum—a chamber in an air-handling system for equalizing
air flow.

Power—the rate at which work is performed or energy ex-
pended.

Pyranometer—a solar radiometer which measures total insola-
tion, including both the direct and the diffuse radiation.

Quad—10" B.T.U.s (one quadrillion B.T.U.5).

Radiation—one of the three ways heat is transferred (the oth-
ers are conduction and convection). Radiation is the di-
rect transport of energy through space, needing no air or
other medium foi its transmission.

Reflectance—the ratio of the amount of light refiected by a
surface to the amount absorbed. Good light reflectors are
not necessarily good heat reflectors,

Refraction—the change in direction of light rays as they enter
a transparent medium such as water, air or glass. Rays
bend more the farther from the perpendicular the light
hits, the greater the density or the longer the wavelength.

Retrofitting—attaching systems or equipment to existing struc-
tures, as in the case of a roof-mounted water heater or an
add-on grconhouse,

r factor—a unit of thermal resistance used for comparing in-
sulating values of different materials; the reciprocal of
the conductivity.

Selective surface—a surface that has a high absorptance of in-
coming solar radiation but low emittance of longer wave-
lengths (heat).

Sensible heat—heat that results in a temperature change.

Solar altitude—an angle, measured in a vertical plane, from
a point of reference on the earth’s surface, one leg of
which is horizontal, the other leg of which is pointing at
the sun.

Solar cell—also photovoltaic cell. A device employing semi-
conductors, which when exposed to solar radiation, gener-
ates an electric current.

Solar constant—429 B.T.U.s per square foot per hour at equi-
nox, the maximum amount of solar radiation that passes
through extra-atmospheric space at a given earth-sun dis-
tance. In the Northern Hemisphere, the solar constant is




Appendix F 125

7% greater in winter than summer.
Space heating—interior heating of a building or room.

Specific heat—the heat capacity of a substance per unit of
weight. The specific heat of water is 1 B.T.U. per pound;
the specific heat of rock is .22 B.T.U. per pound. The
higher the specific heat of a substance, the greater its heat-
storage capacity.

Sunshine—the total radiation from the sun inside the atmos-
phere.

Suntempered—direct use of the sun’s energy to heat a space
without resorting to a powered system for collection and
storage.

Sun-time—time of day as determined by the position of the sun.

Temperature gradient—the profile of temperature change with-
in an assembly.

Therm—1900,000 B.T.U.s.

Thermal conductance—the amount of heat in B.T.U.s which can
be conducted through a particular solid material, one foot
square, which is 1 inch thick and has a temperature differ-
ence of 1° F. maintained between its two surfaces. “k” is
the symbol used here to designate thermal conductance.
Most metals are good conductors and their conductivity
varies with their temperature, At 212° F. (100° C.), silver
transmits 2,856 B.T.U.s/°F./in., while mild steel transmits
only 311 B.T.U.s/°F./in.

Thermal mass—the amount of potential heat storage capacity
available in a given assembly or system. Waterwalls, con-
crete floors and adohe walls are examples ¢of thermal mass.

Thermal resistance—the reciprocal of thermal conductance.
The thermal resistance of a material is its thickness, 1, in
inches divided by its thermal conductivity, k. The resist-
ance of a series of different materials, all in thermal con-
tact with each other, is the sum of the individual resist-
ances.

Thermal storage—thermal capacity of a mass to store heat as
a function of a given temperature change.

Thermocouple—a thermoelectric device which has a combina-
tion of two dissimilar wires with their ends connected to-
gether, A millivolt meter is connected in the circuit to
measure the voltage which is generated when the two
junctions are at different temperatures. If one junction is
kept in a bath of ice and water, at 32° F., the voltage gen-
erated (measured in millivoits) is a measure of the tem-
perature of the other junction above 32° F. reference
point.
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Thermosyphon——the convective circulation of fluid which oc-
curs in a closed system when less-dense warm fluid rises,
displaced by denser, cooler fluid in the same system.

Tracking—the daily following of the sun by a collector assem-
bly, used to increase collection efficiency and/or collection
temperature. Usually required for focusing systems.

Transmittance—the ratio of radiant energy transmitted through
a transparent surface to energy incident on it. In solar
fechnology, it is often affected by the thickness and com-
position of the glass cover plates on a collector, and to a
major extent by the angle of incidence between the sun’s
rays and a line normal to the suriace.

U factor (U value)—a coefficient which indicates the energy
{B.T.U.) conducted through a substance for every degree
(Fahrenheit) of temperature difference from one sitde to
the other under steady state conditions. The reciprocal of
the resistance (r) factor.

Vapor barrier—a component of construction, usually a mem-
brane, which is impervious to the flow of moisture and air.

Waterwall—an interior wall of water-filled containers consti-
tuting a one-step heating system which combines collec-
tion and storage.

Watt—a unit of electrical power. Watts = volts x amperes;
1.000 watts = 1 kilowatt; 1 kilowatt-hour = 3,413 B.T.U s.

Wet bulb temperature—the lowest temperature attainable by
evaporating water into the air without altering the energy
content.

Work—the expenditure of energy measured by multiplying a
force by the displacement of its point of application ialong
its line of action.
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APPENDIX G

INTERIM REPORT

Thermal Performance of the Ghost Ranch
Sundwellings Solar Test Cottages*

As indicated in Appendix E, monitoring of these buildings
was carried out by instrumentation installed and supervised by
the Solar Division of Los Alamos Scientific Laboratory. At this
writing, the Laboratory has not released an official report on
the results of this monitoring, but sufficient data has been
made available so that several workers in the field have been
able to make reasonably sound evaluations.

The most useful data was collected during the month of
February, 1978, when the buildings were evacuated and pilot
lights in the butane auxiliary heaters were turned off. Figure

80 T
Direct Gain .
\. sl Greenhouse

2 :
— 60 N > e
=3 Trombe -
% Controi""? ‘ F o
2 \ V T
S 20 \/ \\ v
E Ambient
0
2 3 4 5 6 7 8 9
(Feb. 1978

i Ambient and Inside Temperatures—Facsimile
of LASIL, Computer Plot)

Fig. G 1

(G 1 is a facsimile of the recorder plot for one week in Febru-
ary, and Figure G 2, prepared by Mark Chalom, summarizes
the results numerically. Figure G 3 illustrates the intensity of
the solar radiation falling on the south walls during this period,
in BTUs per square foot.
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(BUILDING PERFORMANCE)

Avg. Avg. Daily  Avg. Daily
Building Mean Mean Low High
Control 44.8° 43.7° 46.5°
Trombe 54.2° 52.3° 56.9°
Direct Gain 57.3° 52.5° 64.6°
Greenhouse 58.6¢ 54.9° 65.6°
Outside Ambient 32.2° 20.7° 46.7°

Fig. G2

(MONTHLY SOLAR INSOLATION—67% Possible)
BTUs per square foot per day measured on south vertical wall

Lowest — 361 BTU,(1/D
Highest — 1939 BTU/{1/D
Average = 1300 BTU/3/D

Fig. G 3

To transiate these figures into approximations of the ef
ficiency, or more properly, the percentage of solar contribu-
tion to each building’s heatling load, B. T. Rogers made the
following assumptions: (a) an internal temperature of 65°F
would constitute full heating for an unoccupied building with
no internal heat source; (b) the difference between the mean
temperature {about 30°) for February at this location and the
desired 65°F internal temperature, or 65--30=235°, would mea-
sure the necessary heating contribution; and (c) the difference
hetween the measured mean internal temperature and the
mean external temperature, as a percentage of 35°, would rep-
resent the solar contribution.

On this basis the four buildings were rated as follows:

10

Control T = 28%
20

Trombe 35 = 87%

Direct Gain -ggi = 68%
27

Greenhouse 35 = T7%

Figure G 4, prepared by Quentin Wilson, presents the data




Appendix G 129

for the month in a different format, including such information
as the ratio of glazing to floor area, and range of interior tem-
perature variations, This table indicates a somewhat closer
matching of the performances of the Direct Gain and Green-
house units. Wilson concludes that the Greenhouse unit has
only a “slight edge” over the Direct Gain. The discrepancy may
be due to the fact that Rogers used data from a single charac-

(TABULATED PERFORMANCE DATA)
{ Control ;| Trombe | Dir. Gn. | Grnhs. |

Floor Area T 566 | o566 | 586°¢ | b4’ |
Glazing Area 197 7 1487 | 134'7 | 2177 |
Glazing Floor Ratio | .03 | .26 23 | .38
Inside Temp. Range | 4°F | 6°F | 17°F | 17°F |
Outside Temp. Range ' 38°F ' 38°F | 38°F ' 38°F
Range Ratio 11 | 16 | 45 | 45 |
Tnside Temp. Average | 48°F ' 54°F | 65°F | 65°F !
Outside Temp. Avg.  32°F | 32°F ' 32°F [ 32°F |
Avg. Temp. Difference | 18°F ! 22°F ' 33°F ' 33°F |

Fig. G4

teristic February day, rather than the average for the month.
In any case the general performance is close to, or slightly
better than, the 65-70% estimated in advance by the designers.
The relatively poor performance of the Tromhe Wall unit
should not be taken as indication of proof of the inferior effi-
ciency of that system. The mullions used in the glazing were
unnecessarily massive (2”x6"”) and caused considerable shad-
ing, especially in mid-morning and mid-afternoon. Wilson es-
timates the percentage of shading at 349 for noon plus or
minus two hours on December 21. Performance would be con-
siderably improved if the mullions were narrower and the
glazing placed at their outer surfaces. Rogers also suggests
that the shortness of these walls might also decrease the effec-
tiveness of their perfcrmance, as the ratio of heat-losing end
surfaces to heat-collecting south exposures is relatively high.
Well-fittiLg external insulating shutters on the Trombe
Wall would improve the performance of this building, and of
the Direct Gain building as well.
The not negligible solar performance of the Control Unit
came somewhat as a surprise. It should be noted in this con-
nection that this building, though not equipped with any spe-
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ciai solar aperture, nevertheless had the double insulated
north wall and a solar oriented south facade, which acted as
an unglazed Trombe wall. Figure G 5 shows the temperature
fluctuations of this wall at several points during three days in
February., These curves illustrate the much-discussed thermal
flywheel effect of adobe construction, bv which strong exter-

100
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— 80
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ju
-
» 60
o
=
o
=
&3 40 — Outside
< -— Midpoint
20 «=+ Inside
2 3 4 5
(Peb. 1978

(Control Unit South Wall Temperatures—Facsimile
of LASL, Computer Plot)

Fig. G5

nal diurnal fluctuations in temperature are smoothed out and
retarded in phase, thus tending to stabilize conditions within
the structure. This building and the Trombe Wall building per-
formed best in terms of minimizing internal temperature vari-
ations (4> and 6° respectively) while the Direct Gain and
Greenhouse fluctuated about 17°.

There was some dissatisfaction with the relative dimness of
the interior of the Trombe cottage, due to the absence of any
see-through south windows. This could of course be remedied
by piercing the Trombe wall with appropriate openings.

The convective solar water heaters performed satisfactor-
ily, but their output had to be used frugally, as the storage
tanks are only of about 40 gallon capacity and there is no boost-
er auxiliary.

*Grateful acknowledgement is made to Mark Chalom, B. T.
Rogers and Quentin Wilson. Some of the materiai and data in this
Interim Report has been abstracted from papers and evaluations
prepared by them.
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Index

A

absorbing surface: 30
adobe, zgterior insulation: 40-
for heat storage: 37-38, 40,
43, 88
air conditioning, evaporative:
57-58
mechanical: 54
anti-freeze, in water heating
systems: 75-76
Arizona State University: 50
ASHARE, “Handbook” and
“Guide”: 107
attached greenhouse: See
greenhouse, lean-to

back-up, conventional Leat:
67-68, 99
passive systems: 42-45. See
Trombe wall

bermed construction: 42

building design: 45-46 passim,
54-59, 63-65, 69-70, 75-
76, 87-106

C

carales: 46
cienegas: 39

clerestory gain: 34

clerestory windows: 33-34, 40,
o1, 56, 89

collector, roof: 49-51

Colorado Energy Research
Institute: 72

Comprehensive Employment
'}‘{gimng Act (CETA):

convective rock storage: 61, 89
crop drying: 64, 100, 107-11
Hopman system: 111
Rogers system: 109
van Dresser system: 110

cross-ventilation: 55 passim
D

direct gain: 32, 37, 45, 49, 51-
52, 61, 112

direct gain system: 33 passim

direct solar energy: 29

double-glazing: 31, 37, 43, 56,
89

drawbridge hatch [shutter]:
31

drumwall: 32, 98-99

F

floor materials, 89-90
for heat storage: 38
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Florence flow system: 89, 91

folk adobe, Egyptian and
Levantine: 51-52
food production: 62-66
food storage: 64-65
Four Corners Regional Com-
mission: 63, 72, 83, 85,
112
fuel, savings techniques: 25,
42 passim, 54-59, 65,
67-72
fuels: costs, 23
heat production of quanti-
fied: 23, 26
non-renewable: 23, 29
French drains: 40
French Forestries Service: 71

furnace sizing, for solar
house: 67

G

Ghost Ranch Conference Cen-
ter: 90, 112 passim
greenhouse: 37, 56, 88-89, 99,
112
as heat collector: 63
lean-to: 35-36, 63, 89

H

Harold Hays system: 55

harvest kitchen: See summer
kitchen

heat, circulation of: 37, 69-72,

89

energy demands, examples:
28, 69

input, theoretical solar: 27-
28, 38

production of: 23, 67 passim

pump: 68

saving: 23-25, 32-33, 89
passim

storage, convective rock: 61

135

storage of, 37-45 passim
heating, back-up: 67 passim
with wood, fireplaces [nega-
tive aspectsj: 69-70
with wood [primary], fur-
naces, fireplaces,
stoves: 29, 68-71

horno: 64
i

msolation, data on: 27
insulating shutters: 31
insulation, adobe exterior: 38-
42
night curtains: 32-33 passim
perimeter: 38-40 passim
perlite: 47- 88
pumice: 47
roof materials: 46-49
sawdust: 47, 88, 98
techniques and materials:
38-45, 49-51

L

landscaping: 57, 60-61

latias: 46-47

lean-to greenhouse: See
greenhouse

Los Alamos Scientific Labora-
tories (LASL): 112

N

New Mexico, building with na-
tive materials: 22

New Mexico Office of Man-
power Administration:
112

New Mexico Solar Energy As-
sociation (NMSEA): 80

New Mexico, special condi-
tions: 22, 79-80

nuclear power and wood heat,
compared: 68
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o)

orientation, site: 60

P

parapet: See pendal
pendal: 39
portal: 55, 88-89

Rogers, B. T., solar crop drier:
107-9

roof collectors, passive: 49-31,
98-100

roof design: 46-47 passim, 98

roof, greenhouse: 33

roofing materials: 33, 46-51,
88, 98 passim

S

scupper froughs: See canales
selective effect: 49
shed roof: 31, 32, 38, 40, 46

shutters, insulating: 32, 44-43,
63, 89

site planning: 60-61
solar input: 27

solar radiation, absorption and
reception: 30-37 passim
in New Mexico, Arizona,
Montana: 28
quantified: 26, 29, 45, 67
Solar Sustenance Project: 63
subterraneo: 65, 100
summer [preserving] kitchen:
63-65, 88-89
Sundwellings program, budget
for: 83
suntempered house: 31

Homegrown Sundwellings

T

test buildings, preliminary
data: 113

test’demonstration buildings,
Ghost Ranch: 91, 112-
118

Trombe wall: 31, 37, 43, 56,
91, 112

u

Universal Building Code: 56

U.S. Forest Products Labora-
tories: 47

\

van Dresser house, descrip-
tion: 98-106
ventilation: 54-59
passive solar powered: 57-

99
vigas: 46-47, 55, 88, 98, 112
W
water heater, collectors: 73-
77, 88

design considerations: 76-77
water heating, solar: 66, 73
passim
Florida design: 73-75
for freezing climates: 74-76
passim, 99-100, 113
heat exchangers: 75-76
for non-freezing climates:
73-75
water storage cistern: 51, 102
waterwall, See drumwall

windows, direct gain: 32, 36,
88
double-glazed: 31, 51, 112
double-hung: 57-58



