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FOREWORD

Solar energy has aptured the imagination of the
American people. It has done so for two good
rgasons. First, the rising cost and uncertain availabili-
tv of conventional fuels has made the use of solar
energy for space heating. cooling and domestic
water heatung an ncreasingly attractive aliernatve.
and second, the environmental problems associated
with most conventional fuels are not present wath
solar energy.

The Department of Housing and Urban Development
{HUD) in cooperation with the Energy Research and
Development Administration (ERDA} and other
federal agencies has undertaken an extenswe
program to demenstrate the economic and technical
feasibility of solar heating and cooling. In response
to the Solar Heating and Cooling Demeonstration Act
of 1974 and other federal legislation, HUD, ERDA
and other designated agencies will manage a large
scale research, developmeant and demonsiration ef-
fort to remove the barriers, both technical and in-
stitutionai, 10 the widespread application of solar
heating and cooling systemns.

One important component to the successful ac-
complishment of these objectives is the timely dis.
tribution of information. Therefore, as a first step to
an increased awareness and understanding of solar
Lkeating and cooling and its application to dwelling
design. HUD is making available this publication.

It is a general resource document intended for use
by designers, home builders. community leaders,
local officials and home owners who are interested
in the application of solar heating and cooling to

residential structures or are considering participating
in the federal solar energy program.

The pubhcation provides historical background infor-
matlon, a concise report on existing solar dwellings
and systems, a hst of design considerations and
numerous dwelhng and site design concepts. It 1§
not the intent of this pubhcation 1o prasent housing

- aesigns ready 10 buid but 10 identify a basis for

future solar design by professionals

We encourage all interested parties to participate 10
the development and applicatton of solar eneryy We
hope this pubtication assists in that effort.

Charles J. Orlebeke

Assistant Secretary for Policy Development and
Research

Department of Housing and Urban Development
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PREFACE

This publication is about solar energy and how iis
use for heating and cooling will effect dwelling
design and site plann:ng. It has been prepared as a
brief introduction for consumers, designers and
builders interested n solar heating and cooling.

Beginning with a brief history of solar energy
applications, a more thoraugh description of solar
energy components and how they are organized into
heating, cooling and domestic hot water systems
follows Next. factors which influence the design of
solar dwellings and systems are discussed. The
remaining portion of the publication :llustrates dwell-
ing and site design concepts responsive to these fac-
tors for various housing types, solar systems. and
climates.

The document was prepared for The Department of
Housing and Urban Development's Office of Policy
Development and Research by The AlA Research
Corporation under contract with The MNational Bureau
of Standard’'s Office of Housing and Building
fechnology. Assistance was received from ten sub-
contractors — eight architectural firms and two
schools of architecture — who prepared the bulk of
the research information and design concepts in-
cluded in this publication. The architectural firms
were: The Continuum Team. Bridgeport, Connec-
ticut, Donald Watson, AlA, Guilford, Connecticut;
Giffels Associates, Detroit. Michigan: Jaint Venture,
Boulder. Colorado: Massdesign, Cambridge,
Massachusetts; RTL, Inc., Paramouni. California; The
Architects Taos, Taos, New Mexico; and Total En-
vironmenitai Action, Harrisville, New Hampshire. The

two schools were. The School of Architecture and
Environmental Studies of the Umiversity of Detront,
and the College of Architecture of Arizona State
University. Their efforts have added much to the ad-
vancement of solar dwelling design

Charles McClenon and Gary Robinetie of the Amencan
Society of Landscape Architects Foundatior with the
assistance of six consultants are responsible for
preparatian of rasearch information regarding site
planming and solar energy utibzation. The consultants
were Sasaki Associates. Watertown, Massachusets,
Rahenkamp Sachs Wells and Associates, Philadelphia,
Pennsylvania. Sasaki, Walker Associates, Inc.,
Sausalito, Califernia: Johnson, Johnsen and Roy
Associates. Ann Arbor. Michigan: Land/ Design
Research, Columbia, Maryland; and Edward D. Stone.
Jr. Associates, Ft. Lauderdale. Flonda.

Numerous individuals, organizations. and federal
agencies have contributed 1o the completion of this
research undertaking. We would especially like to
thank Charies A. Gueli. Project Director. and Director,
Community Design Research Program, HUD. Joseph
Sherman and David Moore, Division of Energy.
Buiiding Technology and Standards, HUD. and
Thomas Faison and Robert Dikkers, Office of Housing
and Building Technology. NBS.

The AlA Research Corporation staff responsible for
coordinating the research and organizing the finat
publication are: Michael Holtz. Project Manager and
Author, Lucy Leuchtenburg, Research Assistant; and
Jo Ann Masterson, manuscript typist. Massdesign
Architects and Planners, Inc., under sub-contract to the

AlA Research Corporation, is responsible for Chapier b
des:gn concents, graphics and production of this
publication: Peter Clamons, graphic designar

John P. Eberhard. President
The AlA Research Corporation
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INTRGODUCTION

The United States presently faces twe interrelated
problems. One. we are endangering our environment
by polluting the aimasphere, ground, and water with
the by-products of our 1echnological society. Two,
we are quickly running out of the tuels which

have enabled us to achieve a high standard of
technologicai development This perplexing dilemma
has resulted in a nationwide investigation of energy
choices.

Among the many energy alternatives being con-
sidered is solar energy. Harmessing the sun’'s power
Is con=iu=red an attraclive alternative because it is a
renevwaole resource which does not pollute. In con-
trast 10 conventional fuels, its use eliminates the
need for refining. transporting, and corwveying fuel
and power over long distances. The use of solar
energy for heating and cooling promises a more
rapid payoit than other energy alternatives because
the basic technology already exisis and needs

only minor refinements. Considerable research,
deveiopment,.and demonstration activities have been
initiated in the public and private sectors to facilitate
the widespread utilization of solar energy.

Everyday the sun showers the earth with several
thousand times as much energy as we consume.
The solar energy reaching the earth every three days
is greater than the estimated total of all the fossil
fuels on earth. In fact. the solar energy annually
striking the roof of a typical residence is 1en times as
great as its annual heat demand.

However, these figures assume a capture and
utilization efficiency of 100 percent, while our

present technology allows us to capture and ef-
ficientty use only a srall percentage of the sun's
energy. Nevertheless, the energy potentia! of the sun
IS great enough to warrant serious consideranon and
continuous development of ways 1o harness this
energy for man's use,

Why are we not making use of this wremendous
source of energy provided by the sun? The answer,
of course, is that we are using it and have been for
quite some tme. However, instead of directly using
the sun's power. we have been using stored or in-
direct solar =nergy in the form of fossi! tuels which
were created by the sun and trapped in the earth
ages ago and only recently reclaimed by dritling and
mining.

Because of industrial development dependent on
fossit fuels. the costs associated with using stored
solar energy became significantly less expensive than
developing means to collect and utilize energy
received directly from the sun. However, as world
fossil fuel demand increases and conventional fuel
supplies decrease, the direct use of the sun’s energy
has emerged as a powerful alternative to man’s in-
creasing energy and environmental problems.

Although solar energy is available and free, the cap-
ture and wvtilization of it is not. There are some very
difficult technical, social and economic problems
which must be resolved in order to change the ex-
isting patterns of energy conversion and consump-
tion. To deai with these problems, the Congress. in
late 1974, enacted four laws which established a
MNational Solar Energy Program. Overall ad-



ministration of the program rests with the Energy
Research and Development Administration (ERDA}.
ERDA and HUD have joint responsibility for the
residential demonstration part of the program which
is designed 1o investigate the practical application of
solar energy for heating and cooling of dwellings.

The major elements of the National Solar Energy
Program are: demanstrations of solar technology in
both commercial and residential buildings initiaily
utihzing available systems. development of solar
technology to support such demonstrations, initially
using available sub-systems and camponents;
regearch and development of advanced heating and
. cooling technology; and dissemination of information
on the results of the above efforts.

As part of the National program, the residential dem-
onstration program will:

@ install solar systems in both new and existing
dwellings:

® develop performance criteria and certification
procedures for solar heating and cooling
equipment;

® undertake market develapment efforts to en-
courage the rapid and widespread acceptance of
solar heating and cooling technologies by the
housing industry; and

® disseminate solar haating and cooling information.

Through these activities the major barriers to the use
of solar heating and cooling wiill be dentified and
programs and incentives to alleviate these barriers
proposed. There is, however, another stumbling
black effecting the use of solar energy — one that
this publication hopes to remove — concerning the
strong suggestion of magic or trickery inherent with
the idea that energy can be simply pulled out of thin
air and sunbeams. A primary purpose of this
publication is 10 re nove the mystery associated with
using the sun’'s energy {0 heat and cool our homes
and heat our water.

The understanding of solar heating and cocling

beqgins wi.h an appreciation oi the historical process:

by which solar energy utilization has evalved. The
early uses of solar energy to power mechanical
devices and to heat dwellings provide the
background from which the development of current
efforts 10 harness solar energy emerge.

The focus of this publication is how the interaction
of climate. comfort. buiiding sites, and solar systems
influznce the design of solar heated and cooled

dwellings. The material is organized to illustrate and
discuss these influences: first, as individual elements,
and, second, as interrelated issues which affect

design decisions. The emphasis of the publication is on
new construction as opposed to the redesign of ex-
isting dwellings for solar heating and ~ooling systems.
However, the major factors influencii  new solar

dwelling design are by and large the _ame as those
affecting the redesign of existing dwellings for solar
energy utilization. A major portion of the publication il-

wystrates @ number ot solar dwellng and site design
concepts.

We hope that the ideas presented here will help to
expand our knowledge of how solar energy works.
how it can be adapted to our current architectural
preferences. and how it may influence the shape of
our homes 1n the future




THE EMERGING AGE OF
SOLAR ENERGY

SOLAR ENERGY: AN OLD IDEA REBORN

The dea of using solar ¢nergy 1o heat and cool our
homes or 1o heat our water iz nol new For centunes
man has made use of the sun's energy Without the
sun's energy mankmnd cannot survive Al cur {ood
and fue' have been made possible by 1he sun
through the photosynthetic combination of water and
aimaspherc carbon dioxide i1 growing plams Fossi!
fuels reprasent energy photosynthesized and stored
in dead plant and anunal matter mithons of years
ano The earth's clunale 1s also dependent on solar
energy The winds, tudes, nveis and ocean currents
ail rely on the daly heat of the sun for ther motion
Man has long made use of thase forms of solar
energy He hasg used the wind and walter cu-rents 1o
move from place 1o ptace: and he has used the sun
10 grow his food and waonn lus sheiter

Early man knew of the advantages of finding a cave
or placing walt openings in the direction of the sun’s
path to capiure s warmth during winter days e
also discovered the umque abibty of certain matenals
to retain the sun’s warmth and release it later atter
the sun bad set. Man's use of solar energy con-
tinued and. indeed. increased as he became part of
a ool and cratt society Instruments which focused
the sun’s energy 1o produce fire or boil water
became more sophistcated applications of his earlier
experiences. Smce these simple beginnings man has
continually explored new avenues of harnessing solar
energy for the service of mankind.

Man’'s earliest attermipts to harness the sun's energy

mnclude the fabled burming of the Roman fleer by
Archomedes 1n 212 B C. Arctwmedes reputedly set
the attacking Roman fleet ati-e by means of "burmng
glass composed of small square mirrors moving
syery way upon hinges which when placed in the
sun's direct rays directed them cpon the Roman flaet
s0 as 1o reduce it 1o ashes at the distance of a

bowshot 77

Recanstruction of Archiredes’ storied burning of an
enemy Meat with a solar furnace.

Whether or not Archimedes actually sel fire to the
sails of the attacking ships does lifile to dampen the
fact that early in history solar devices were being
designed and built As The number and occurrence of
these dewices increased, man's mythical reiathionship
with the sun changed Early religious and cultural at-
utudes and beliefs towards the sun bDegan to dis-
appear and by 1600 A.D. the attention of science
was focured beyond supersution and magic.

' References are presented on nage 144




The marvelous inventions of the Renaissance. an age
of artistic and scientific revival in Europe lasting from
the 14th Century AD to the 17th Century AD . in-
cluded many solar devices One of the most original
inventions of the period, howeaver. was built by
Salomon de Caus of France He used the sun 1o
heat air in his solar "engine” which n turn pumped
water. Although a simple mechanical apphcation of
solar energy. 1t 1s remarkable in that rmore than two
hundred vears elapsed belore the solar engine was
reinvented.

The solar devices of the Renaissance were generally
purposeless “gadgets” with httle practical
apphcation, other than prowviding a means of acaur-
ing knowledge about solar energy However. this
trend was reversed duning the later part of the 181h
Century During this tme solar furnaces capable of
smelung ron, copper and cther me:als were being
constructed of pohshed-iran. glass lenses and
mirrors. The furnaces were in use throughoul Europe
and the Middle East. One furnace designed by lhe
French scientis', Amaine Lavaisier, attained the
remarkable temperature of 1750° C {3182" F) The
furnace used a lifty-two inch lens plus a secondary
eight ynch lens to attain temperatures far exceeding
those achieved by man up 10 thalt tme and. as «
turned out, to be achieved by man tor the next one
hundred years

Lavougter’s solar furnace

10

Earty 1in the 13th Century. nurmerous hot air engines
were developed. The famous Sturhing two-piston arr
engine, although not designed 1o be operated by the
sun, was deally suited for such use and later was
adapted for solar power A curious assortment of
solar engines were built over the next hundred years,
powerng everything from printing presses and elec-
tric lights to distillation operations

Seilar powered prinpng press ar Pans Workds Farr 1589

One urmique vanatisn which occuired during the late
1800°s and early 1900's was the use of “Har-plate”
collectors to imercept the sun’s rays and power
equipment Unti this ime maost splar dovices used
what 15 calied a “focusing’ collector one 1hat
locuses the sun’s rays upon a single area where the
energy 15 collected The “fat-plate” type collecior,
however, does not focus the sun's rays 10 a single
pomnt but collects the solar energy over a uniform
honzoental surlace Flat-plate colleclors bad the ad-
vantage of being less expensive and simpler 1o con-
struct and operate than the focusing type collector
Also. whereas focusing collectors require clear skies
for operatian, flat-plate collectars could funchon un-
der cloudy conditions Several solar powered purn-
ping facilities were constructed during the early
1800°s 1n the United States which lusirate both
forms of solar collection.

A G Eneas in 1901 installed a thiriy-three toot
diameter focusing collecior whirh powered a water
pumping apparatus at a Pasadena, Cahforma ostrich

farm The dewvice consisted of a large umbrella-lke
structure open and inverted al an angle to receive
the full eflect of the sun’s rays on the 1.788 rmirrors
which hined the inside surface The sun's rays were
concentrated at a focal point where the boler was
focated Water within the boiler was heated 10
produce steam which in turn powered a conventional
compound enging and centrifugal pump Dunng the
next 60 years many vanatons of this process were
designed and constructed using focusing collectors
as the means of heating the transfer or working fluid
which powered mechamical equipment

N — i L
The Pasadena sun heat absorber of 190
Frank Shuman. an inventive engimeer, however,
favured the more economical flar-plate collector Us-
ing twelve hundred square feet of collector area, his
test engine produced 3 5 horsepower The flat-plate
collector. constructed in 1907, was used 1o heat
water which, in turn. bolled ether The ether vapor
was then used to dnve a veruical steam engine
which pumped water Although Shuman’s solsr
engmne dd not develop anything near the 100




necessity for survival. solar dwelling design has
become en expression ¢f man’s attempt w harness
solar energy tor his beneht and advancement The
marvelous tools and devices just discussed are
estament to man's inieklectual cuncsity and unceas.
ing quest for knowledge about the world around
tim. Using solar energy to incraase crop yields. 1o
power needed mechanical equipment, 10 heal and
cool bulldings and to heat water s a natural
progression of an intellectually restless man
fascinated with the sun

Shuman's flat-plare collector and pumping operation

Inuitively. man's dwellings have responded to the
beneficial effecis of proper building exposure to the:
sun and local climauc conditions  Indigenous
American Indan and colomal #rchiecture — the
Pueblo structures of the Southwest and the Nuw
England “salibox” - are both wyood examples of
dwellings respenstve 1 the demands of sun and
climate

horsepower predicted. in part due 10 the polluted air
and cloudy condimons of Taceny. Pennsylvania, the
process and technique of collecting and utihzing
solar erergy were signiicantly advanced.

Cespite the ncreased sophisticanon and relhiabihty
ol solar powered devices. none of these early
applications of scolar energy survived competition
with the emerging use of cheaper fossil fuels For
although solar energy was free and readily avalahie,
the capial investment was so high for the necessary
solar collectors and associated equipment that o
cost much more 10 run a solar enging than a con-
ventional type

The Pueblo Structures of the Southwast

The niot-arid chmate af the Southwest 1 character-
izevd by high daytime temperatures and uncomior-
tably low nightume temperatures The solution best
suited to such a wade temperature fluctuation 1
delaying the entry of heal as long as possible so that
it will reach the interior late in the day, when it is
needed The Pueble Indians achieved this desired

For hundreds of years man has atiempied 10 harness
the sun’'s energy. After stowly accumulating know-
ledtge aboutl the nature of the sun’s energy and
developing a simple techneology 1o capture 1t solar
pioneers came up against the most frustrating of
roadblocks — the apathy of their fellow man.
However. the completely different energy and en-
wironmental situaucn which we now face has made
solar energy ar idea whose ttme has come and gone
— and come again — this ime 10 siay

SOLAR HEATING AND COOLING:
A HISTORICAL PERSPECTIVE

Dwellings which nave used the sun's energy to heat
or cool have been constructed for thousands of

years. Although perbaps ininalty sumulated by a Taos pueblo, New Mexico.

thermal performance by using matenals of high heat
capacday, such as adobe mud and stone which
provide @ “heat sink,” absorbing heat from the sun
dunng the day and reradiating 1t into the dwelling
during the mght Also by crowding ther dwelling
spaces together. side by side and one on top of
another, the Pueblo’s achieved maximum volume
with the minimum su:face area exposed to the out-
side heat, thereby reducing the area exposed to the
sun white increasing the mass of buillding as a
whole. thus increasing the thermal ume-iag *

Another important consideration for hot-and chmates
i£ 10 avord intengr heat builld-up durning the day The
Pueblo’s accomplished this by separating the cook-
13 space from the living spaces. by reducing the
number and size of windows and placing them high
on walls to reduce radiation gain, by painuing the
dweding white or nome gther ight color to reflect a
maximum of radiant heat, and by minimizing ven-
vlation during the hotlest poruon of the day

A unique example of these principles of solar design
15 to be found in the chif dwellings of the Sinagua
and Anasazi Indians in Anzona The chif dweilings,
called Montezuma’s Casile, built in 1100 A D made

Montezuma’s Castle. 1100 AD.

* Thermal Time Lag is a time function relatng 1o the
wransfer of heat through a matenal.

11




Section Detail

Marmezuma's Castie (oiff dweling) Camp Verde, Anzona

use of the heat capacity of mud. rock And other in-
digenous matenals 1w absork dirzct sofar radiation
an the seuth facing vertcal walls. The heat was then
reradiated (0 the intenor spaces during the eveming
The compactly grouped dwellings were hght in color
and had small wall openings 1o reduce drect and
reflected radiaton heat gain The cbff dwelling also
had one nteresting feature which disunguished 1t
tram the Puebiu structures of the surrounding area.
Beczuse the dwellings were buidt under an exiender
portion of the mountain. the overhang blocked ihe
high summer sun, thereby providing natural cooling
for 1he dwellings.

The New England “'Saltbox”’

Although there are different degrees of cold, both in
duration and nte: «, the principles of keeping
warm are the same ang are related closely 1o those

wre heat given off by cooking and space heaung
Reducing heat loss 1s achieved by a compact ptan. a
minimum surface area exposed 10 the oulside.
materials of good msulaving charactensncs and the
prevenuon of dralts and air leaks Also. by sloping
the roof on the north side of the dwelling 1oward the
ground, shelter from the wind and a reducuon of
surtace area exposed to the cold 15 achieved Thig
allows snow to build up on the rool and thus further
w insutate the dwelling from heat loss Another
difference from hot-and areas s the desve to cap-
lwre as much solar radiation as possible dunng cold
weather Therefore, the windowed two-story pormon
of the dwelling faces south and the dwelling 15
panted a dark color {dark colors absorb more solar
energy than hght colors}

New England ‘vafrbnoy

Pueblo and colonial architectuie are representative of
the intuimive responses to local climauc condinons
and the heneficial effects of proper bus'ding cxposure

1o solar radianon that were develops -4 - =~ ny pants
of the world. The wntusive approach .. 7~ heating
and coolng has taid the ground wors 0 which a

scientific understanding of solar rad.>:.r « d its cor-
responching chmatc wmpact on huitding has recently
developed.

Crystal House Worlds Fair 1934 Chicagu. nos

collect. store and distnbute solar energy as a pring
ple heat source for human comiort The Crystal
House at the 1933 Chicago World's Fair 1« oited as
an early example of the direct "greenhouse” ellect
whereby glass walls or windows were used as hem
collecrors Geurge and William Keck. architecis for
the Crystal House. began to incorporaie the ideas
developed from 1bk's design into other dwellings
Their designs used large expanses of south facing
glass which allowed the low winter sun "o heat the
interior masonfy foors and wails of 1he bulding dur-
ing \he day {in much the same way as the Puebio
structures!, which n wrn radiated the siored heat o
the spaces during ithe evening

[ el
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A reporter for the Chicago Tribune began to describe
houses with these features as "solar houses” and
singe that time there has been a rekindling of in
terest in using the sun’'s energy 0 heat and even
cool buildings

The houses bullt by M I T as part of the Cabot Solar
Energy Conversion Project between 1939 and 1956,
and the Peabody/Raymond/Telkes house built in
1949, were the first lully documented soar dweiling
designs where a major porhion of the heat re-
gurrement of a dwelling was obtained by a lormal
solar collector and storage system In the case of the
iatter. the entire heat requirement was ohtained by
solar collector and siorage systems

In all. feur solar-heated dwelings were built by
MIT The first two. budt in 1939 and 1947, were

M T Solar House No 3. Cambridge, Massachuserts

more expenmental laboratories for evaluaung solar
equipment than actual dweliings for family lving
The third dwelling, remordeled i 1348 from the shell
of the second. however, was designed to house a
student family with one child The solar heating
sysiem consisted of a south-facing flat-plate collector
motnied on the roof with a large water storage rank
located directly behind 1t Sofar radation. collected
by water circulated through the flat-plate collector
and distnbuted by copper tbing mounted in the
ceiling. provided for more than three gquarters of the
dwelling’s heaung load. The large windows along the
south wall of the dwelling provided heat in axcess of

need for several hours of the day in sunny winter
weaiher and as a consequence had 1o be released
bv venniaucn Duning the hot sums:er months
however 1the south facing windows were shaded by
an overhang.

Teikas Aaymod-Peahody

Howuse Dover Alassachusets

Alse dunng 1549 g solar heated house was boalt i
Dover. Massachuserts independent of the MIT
sular housing program The house was engineercd
desiined nind sponsored by the Misses Telkes
faoymond and Peabody. respectively Tha mapnr ob-
|gchves wera to prove 1he teasibibty of complete
solar heaung in the Rosion area despite the chance
of three 10 fve consecuuve sunless days with no
coilection, and 1o demonsurate the menis of using
the heat of tusion of Glauber salt* as a means of
storing heat. The dwelbng used both south facing
windows and veruicat colleciors to capture direct and
reflected soiar radiation from the iocw wonter sun The
hotl air removed from the solar colleclors was used
to heat five gallon storage cans filled wih Glauber
salts When heat was needed. air was circulated
around the cans by small fans. heated. and dis-
tributed 1o each room The jechmcal feasibility of
total solar heating n the Boston area and the use of
the heat of fusion of Glauber salt as a storage
medium were bolh adeguatsly demonstrated by the
Dover house.

The fourth and final solar house built by M1 T under
the Cabot Foundation Project was construcied In

1956 at Lexington, Massachusefts The house had
both solar space heaung and solar domestic water
heating. The dwelling used a flav-plate collector tilted

Sew Page 29 fcr more detailed information

towards 1he south and covered with two panes of
glass Water was healed by the sun as it circulated
through the colector and was stored in a 1.%00
natlon nsulated siorage tank located i the
basemeni Hear from the water storage tank was
transtesred 10 air by a heat exchanger and distribured
throughaut the house by blower and ducts This
house provides  evidence of the emerging
soptnstucanon of solar dwelhing desin The relaton.
ship of the dwelling with tha solar equipment icollec
Wwr. sterage  distnbution) was treated as an integral
problem and nor as the separate concerns of
equipment design and dwelhing design

MIT Solar House No 4. Lexinglon. Massachusens

With the exception of an azuve. but relatvely un.
heratded cormmunity of solar researchers who built
upon the M I T work, an interruption of almost 1C to
1% years occurred in the apphcauton ot solar
technology to buldings Two notable excepuons are
the work ol George Lof and Harry Thomason

George Lof, a chemical engineer from Denver,
Colorado. who bas been involved 1in solar energy
rasearch and applcanons since 1944, consiructed a
solar house n Denver in 1957 The solar heaung
system, which 13 stll 1n operauon. consisis of two
arrays of south-facing flat-piate collectors and two
verlical storage cylinders filled with gramie rock

A blower draws air through the rooftop collectors 1o

the storage cyhnders and distributes the heat
through floor ducts to the individua! rooms.

13



tof House ODenver. Colorado

Domestic hot water 1s preheated by running the hot
water piping through the incoming heated arr duct
from the collector

Harry Thomason, a lawyer from Washington, D C.
constructed three solar dweilings 1n the Washingion
area between 1959 and 1963. A similar solar
energy system i1s used in each dwelling The collec-
tar s made of blacken. corrugated atummum
covered with a single pane of glass placed on erther
a sloping roct or wall facing south or shghtly wesi

of south Solar radiation 15 collected by water
“tnckiing’” down the open channels of the corrugated
aluminum  The heated water 's transferred to a
slorage tank surrounded by fist-size rocks. The rocks
which are heated by the water in the tank provide an
additional storage media and the mechanism for
transferring the heat from water 1o air. To heat the

Thomason Solar House No 3 Wasmngton, DC

hause, air is drawn from the house through the rock
bed. picking up heat from Ihe lank dnd rocks and
blown through ducts nto the individuals rooms

Thomason's last two solar dwellings have incor-

porated a compression refrigeratinn system far cool-
ing. Operated at night. the system chills air which
cools the rock starage for distribution dunng the day

Early in the 1970's, the economic and environmental
cost of convenuonal fuels brought attention back to
solar energy as an alternatve energy source jor
heating and cooling Although the earlier solar
houses at MIT and Dover have all mat vanous
tates {they are either demohshed or are operanng
without their solar equipmentl they nonztheless
proved that solar heatng was possihle with existing
technology Given sustained technical refinement, ap
propriate archiieciural design, and industry and
markeling economies. solar energy coutd possibly
become a major source of energy for the heating
and cooling of buildings

The concerns of solar designers s 1he early 1970's
were practucal — “plumber's work” as it is called --
n contrast 10 the theoretical research conducted and
ref.ned during the previous three decades In the last
five years. the number of operating solar dwellings
tbas increased 10 approximately sixty Although this
amounis 12 a miniscule percentage of the total
Uniled States housing market, 1t does represent an
Ncreasing energy, econarme and environmental
awareness Addinonally the growing number of solar
dwellings reaffirms the feasibility of solar heating and
cooling with exisung 1echnotogy.

The sotar dwellings built over the last several years
range from those that regquire no mechanical
equipment for their operation to one which
generates 115 own electricity from solar energy as
well as coilecting and storing radiation for heanng
and cooling, The foltowing solar dwellings buill
between 1972 and 1974 represent a vanety of solar
dwelling designs illustrating dilferent ways of collec-
1ing. stonng and distnbuting solar energy for space
heating and coobng and domestc water heating

ihe first example, the David Wright residence of
Santa Fg. New Mexico. owilt in 1974, illustrailes a

modern adaptaton of the Pueblo Indian struciures
The design 1s exuemely simple and open. On first -
spection the only "collecior” wisible 15 a3 32 square
foot solar water heater on the ground, and some
might question the use of the terminology “solar
dwelling © However, the sun dictated the design of
ihe hause from the very beqinning The solar aspects
are so well integrated ‘hat the house actually
becomes the solar collector and the heat storage
system  The south wall of the house s construcied

Dawd Wright House, Sante Fe. NMew Mexico

entirely of insulating glass and serves as 1he solar
heat collector Adobe i the extenor walls and
beneath the bnck floor prowvides heat storage by ab-
sorbing wcidant solar radiation  Several 5% galion
drums filled with warter are buried benealh an adobe
banco along the south wall 10 prowide addivonal
heat storage Insulaton s located argund the en-
ure outside of the adobe walls, and beneath the
adobe fleor The insulauon minimmizes the flow of
hear from the walls and flopor to 1he colder outside
air ang the ground. Thus the beat 13 stored untl the
temperaiure inside the house drops and then the
stored heart 13 radhated and convected into the space
The fabnc of the building 1s capable of storing
enough heat t0 keep the home comforiable for
three or four sunless days

The solar house of Atascadero. Caltornia. llustrates
another vanatian n solar collection and storage
design. The Atascadero solar house uses honzonial
water ponds Lin plastic bags) located within the roof
structure for solar collection. starage, and distri-



bution. The house's somar concept, developed and
patented by Harald Hay. is capable both of heaung
and coolinyg. During the heating cycle. insulatng
panels which cover the ponds are removed so that
on sunny winter days the water bags underneath
are entrely exposed 10 the sun’s rays The solar
radiatton warms the mass of water. which i turn
warms the supporting steel ceiling deck. the celling
radiates the collected solar heat to the ntenor of the
dwelling. At night, the paneis are rolled back
auwomatically 1o cover the water ponds and thus act
as a “thermal vaive” to retamn the heat which has
been collected during the day

Hay House. Artascadero. Cafifornia

Cooling 15 pravided by teversing the winter proce:
dure and opeming the insulaung panels ar night so that
the heat which the rool ponds have absorbed during
the day can be dissipated by nocturnal cochng. The
water in the ponds thus cooled 15 able 10 absorb heat
from the house during the day As the heat s abserbed.
the interior of the house 1s cooled Radiation to the sky.
evaporation and, at certan imes, convecuon all play a
part in the nocturnal cooling process. This system 1s
mos1 effective 1n regions where the summer dew paint
temperature or hurmidity 15 relatively low

The Hay's System n concept s similar to a solar
dwelling constructed m France in 1958 Dr. Felix
Trombe. Director of Solar Energy Research for 1he
Centre Nationale de ta Research Scientifique. and
architect Jaques Michel, designed a solar house
which instead of using horizental roof ponds for solar
collection and storage used a massive vertical south-
facing concrete wall with a glass wall in front of it
The warmth from the inner surface of the concrate
wall, rapped by the glass cover. provides most of
the heat at night during the winter.

Odesrtto Solar House, Odenlo, France

The United States modification of the Trombe/Michal
cancept involves the use of additional thermal
siorage n the form of a rock bed located beneath
the tloor By the use of blowers, the heat from the
south wall can be stored in a rock bed located
beneath the house and thus storage capacity of the
systemn can be considerably increased

The "Phoenix of Colorado Springs” 1s a solar house
built during the winter of 1974 when the residents
of Colorado Springs found themselves laced with a
criticak shortage of naturat gas The solar system of
this dwethng 15 sgnificantly different from 1those of
the previous solar dwellings Solar energy is cap-
tured by two banks of solar collectors facing due
south at an angle of 85 degrees. The aluminum
collector paneis are covered with two panes of glass
1o reduce heat loss from the collecton surface The
fluid which circulates through the collector to absorb
the heat 1s propylene glycol which will not freeze in
the extremely low temperatures of the Colorado
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Phoenix of Colorado Springs, 1974

Springs area Heat from the collector 15 transferred
10 a large storage tank buried beside the house The
distibution sysiem 15 composed of two heat ex-

changers. both localed in the storage lank. The first
ranslers the collected heat to water whick i turn
heats air for distnbution through ducts 1o each room.
the second preheats the domestic hot waler befare it
passes through a convennonal electric water heater

“Solar One” 15 the hrst bulding in which both ther-
mal and elactrical encrgy are denved trom the sun
The aweliing. located in Newark, Delaware, has been
designed and buill under the auspices af the
Instiute of Energy Conve:sion ol the University of
Delaware. wath support from the National Science
Foundation and Delmarva Power and Light Com-
pany The south-facing roof 5i the dweliing. tited at
45 degrees o the honzantal, supports 24 solar pan-
ets. all of which will eventually be covered with cad-
mum sufide photovoliaic cells Also, six vertical
collector panels, rermumscens of the Dover house of
1949 are mounied on the south-extending bays
Storage for the solar electnic system consists of
automoebile type 12 volt siorage battenies which are
housed 1n a small frame shed on the east side ol the
hoguse Eutectic salts.* n small plastic containers,
are used to store heat from the solar thermal
collectors

‘Solar One’ University of Delaware. Newark, Delaware

“Solar One” represents the first attlempt o combine
the con-site gene,ation of electricity vith the collec-
uon and storage of thermal energy. Economical and
technical attainment of these goals would be a long
stride toward making dwcllings energy self-sufficient.

* See Page 29
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Solar Energy in Other Countries

The growing interest in solar energy along with in-
creased research, development and application has
not been confined 1o the United States, but con-
tinues throughout the ‘world. Japan. Israel. and
Australia, in particular, Have a lang tradition of using
solar energy for domestic hot water heating. In
addition, India, France. and the Soviet Union have
been invoived for many years in developing and
applying solar heating and cooling technology in
both commerciai and residential buildings.

At one time, the United States also had the begin-
nings of a widespread use of solar energy. During
the 1930's and 40's. prior 1o the availability of inex-
pensive energy and utility services, solar dormestic
water heating found widespread application in
Florida, Arizona, and Southern California (n fact.

it is estimated that in the Florida area alone ap-
proximately 50.000 solar domesuc water heaters
were In use before natural gas and electricity
reptaced solar energy as a primary fuel service. The
resurgence of interest in solar energy today may
once again give rise to buildings heated and cooled
by the sun.

There are innumerable design variations possible to
achieve total or partial solar heating and cooling.
The preceding survey provides just a glimpse of the
range of possibilities both in dwelling design and
solar systemn design. The appropriateness of a par-
ticular solar dwelling design will be dependent on

a number of factors. Among them are climate.
occupant comfort, site conditions. building
characteristics and the proposed solar system. Taken
together, these are the primary factors which shape
the design of solar dwellings. These factors are dis-
cussed in the next two chapters.



SOLAR HEATING/COOLING
AND DOMESTIC HOT
WATER SYSTEMS

Solar heating/cooling and domestc hot water
systems which are properly designed and integrated
into the dwelling to use heat sfficiently can provide a
large percentage of a dwelling’s space heatng. cool-
inn and domestic hot water requirements Techmcal-
ly. 1t 18 possible to achieve close 10 100 percent solar
heating and cooling; however. a more realhistic and
economically feasible goal. given present technology
would be 70 percent solar space heating and 80
percent solar hot water heating. Mechanical solar
cooling”, on the other hand. while techmcally feas:-
ble requires additional research and development to
achieve the same feveis of effictency and cost-
effectiveness as present solar neating systams
Theretore, the focus of this chapler will be on solar
heating and domestic hot water sysiems.

In some cases, with total energy conserving design,
a rengwable auxiliary energy source, and a provision
for sotar produced electrical power to operate
appliances and controls, a dwelling can become
completely independent of non-renewable fossil
fuels. Lower utility costs and the possibility of total
energy self-sufficiency are two major factors for the
growing interest in solar energy.

* Mechanica! solar cooling involves the use of solar
produced heat to power conventional mechanical cooling
equipment. Heat pumps, absorption cycle and rankine
cycle systemis are representative of mechanical cooling
equipment which can be powered by solar produced
heat.

R
SOLAR SYSTEM COMPONENTS

Several charactenstic properties apply to all solar
heating/cooling and domestic hot waler systems,
whether they are simple or relatively complex Any
solar system consists of three generic components
cofiecior, storage and disinbution, and may inciude
three additional components transport, auxiliary
energy system and controls. These components may
vary widely in design and function They may. in fact,
be one and the same element {a masonry wall can
be seen as a collecror. although a relatively inef-
ficient one, which stores and then radiates or
“chistributes” heat directly 10 the building intenior).
They may also be arranged in humerous com-
binations dependent on function, component com-
palibilily, chimauc conditions, required perlormance,
and architectural requirements.

Solar energy. also known as solar radiation. reaches
the Earth’s surface in two ways: by direct (paraliel}
rays. and by diffuse {non-parallel} sky radiation,
reflected. from clouds and atmospheric dust The
solar energy reaching the surfaces of buildings in-
cludes not only direct and diffuse rays but alse radia-
tion reflected from adjacent ground or building sur-
faces. The relative proportion of total radiation from
these sources varies widely in each climate, from
hot-dry climates where clear skies enable a large
percentage of direct radiation to reach a building. 1o
temperate and humid climates where up to 40 per-
cent of the total radiation received may be diffuse, to
northern climates where snow reflection from the
low winter sun may result in a greater amount of in-




cident radiation than in warmer but cloudier
climates. As a result of these differences n the
amount and type of radiation reaching a building. as
well as in climate. ume of year and type of use —
space heating. cooling or year round domestic water
heating — the need for and the design of solar
systern components will vary 1n each locale.
Recognition of these differences s important for the
proper design and/or selecton of solar system com-
ponents

Following a bnef definiton of each component n a
solar system. the vanous methods of collecting. stor-
ing and distributing solar energy will be discussed
and Husirated. The individual solar components wall
then be assemblied into solar heaung/cooling and
domestic hot water systems angd the process by
which solar radiation provides heating and cooling
discussed. A simpliied diagram of a solar heaung
system is presented below

The collector conwverts incident solar radiation {in-
solation) 1o usable thermal or elecirical energy” by
absorption on a sutabte surface. In the case of ngn-

photovoltaic (non-electrical) systems, the thermal
energy captured is rransferred (o0 a heat transfer

Collactor

" Direct conversion of solar radiation into electricity 15 n
an early stage of development and application There-
lore, because of its presem limited application and ex-
fremely hugh cost. this pubhcation will focus on the use
of thermal energy derwved from the sun rather than elec-
mncal energy. The “"Solar One House™ anu several other
test facihues are evaluating the methods and problems
of providing eiectricity from solar energy for buddings. As
the tachnology advances there will undoubledly be
numeraus breakihroughs which will allow a more
widespread urilizauon of solar derwved electrical energy

medium, usualiy gas or liquid, within the collector
Collectors are generally classified as focusing or non-
focusing, depending upon whether the sun’s energy
i1s concentrated prior to being absorbed or collected
at the depsity receiveu at the Earth's surface A
range of solar collecuon methods is presented on
page20.

Collectors generally use a transparent cover sheet
lcover plate) to reduce conwective and radiative cool-
ing of the absorber. Glass or plastic 15 commaonly
used as the cover sheet or plate because they have
a high “iransmittance” of short-wavelength
{ulirawiolet) solar radiation and a hugh “absorptance’ of
long wavelength radiation. thus trapping heat that s
“re-emnted” from the absorber |deally a cover sheet
angd an absorber should be normal, 1that 1s perpen:
dicular, 1o the sun’s rays When the sngle at which the
suNn’s rays strike the collector 18 less than 307 the Joss
of ragiation by reflection can be greater than that being
collected

An absorber can be any building matenal on the in-
However. an efficient ab-

side of the cover sheet

Controls

Controls

sorber surface wil' have a high solar “absorbtance”
and low “ermittance” {that s, i1 wili absorb sotar

radiatton and not reradiate 1) Whean the absorber 15
used to conduct heat to a hguid or gas. it must have
hgh thermal “conductwity” as weil Most absorber
surfaces are codted with a dark substance. esther

paint or a special chemical coating. to increase their
absorguon of radiation Some coatings are designed
ix be selective in nature, thal 1s they maximize the
rate of absorption and minwnize emisswvity losses

—

The storage component of a solar system s 3 reser-
voir capable of storing thermal energy Storage s
required since there may be an energy demand dur-

Storage

Distribution

Auxiliary
Enargy Source [

rl- ' Living Space

Simplified Diagram of a Solar Heating System,



ing the evening or on consecutive sunless days
when collectior is not occurning Storage acquires
heat when the energy delivered by the sun and cap-
tured by the collector exceeds thet demanded at the
point of use. The storage element may be relatively
simple such as a masonry floor which can store and
then raradiate captured heat, or may, by comparison,
be relatively complex such as chemical phase
change storage. Heat storage is also reguired for
solar-assisted domestc water heating. This may be
provided within the larger space heat storage com-
ponent, with a separate but smaller storage tank. or
in conjunction with the storage capacity of a conven-
tional water heaier.

(QJ /ﬁ

The distribution component receives energy from the
collector or storage component and dispenses 1t at
points of consumption — spaces within the dwelling.
For example. comfort heat is usually distributed in
the form of warm air or warm walter by ducis or
Fipes withir. a building. Distribution of energy will
depend upon the temperature available from storage.
Temperatures as low as 90°F may still be useful for
space heating, if the baseboard convectors are in-
creased n size or if used in conjunction with a heat
pump or auxiliary heating system.

Because solar produced temperatures in storage are
normally in the iow range {90 to 180° F), distriby-
tion ducts and radiating surfaces are normally larger
than those used in conventional heating sysiems.
Therefare, carefu! consideraiion is required in the
design of heat distribution systems throughout the
dweliing.

Domestic water heating is also a part of the distribu-

tion component. ts distribution system generally
consists of a heat exchanger, back-up heater, piping

and controls

Mnst enlar wstems have an energy transport CGmpo-
nent which provides the means of moving a flund

carrying thermal energy to and from the collector

and storage. The transport component also regulates
the flow through the collector and stcrage. In liquid
or gas systems this compoenent consists of pumps,
valves, and pipes. or blowers, dampers, and ducts.

va

Auxiliary Energy

Transport

The auxiliary energy component provides s supply of
energy for use during periods when the solar system
is inoperable or during periods of extremely severe
weather or extended cloudy weather when solar
produced temperatures from the collector and
storage are not sufficient to satisfy the building’'s
heating or cooling load. Presently, the experimental
nature of solar heating. cocling and domestic hot
water aystems and the possibility of extended sun-
less days generally require that the auxiliary energy
compeonent be capable of pruviding the total energy
demand of the house if the solar system in inoperative.

The auxitiary system can be powered by conventional
fuels such as ail. gas and electricity. by alternative fuel
sources such as wood burned in fireplaces. methane
gas. or wind generated electricity. of by a combination
of these The component may operate independent of
or 1n conjunction with the solar system. This (s usually
accormplished by locating the auxhary energy sysiem
between the storage and distnbution components 10
permit a full or partal operation, or by supplying the
energy directly 1o the heat siorage component thereby
raising 1t 10 a usable temperature.

“~
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Control J

The control component performs the sensing, evalua-
tion and response functions required to operate the
system in the desired mode. For example, the
temperature In the house is sensed by a thermostat
and refayed to the distribution component {pump of
blower} when heat 1s required. The controls generally
distribute information. inctuding fail-safe instructions.
throughout the system by rmeans of electrical signals.
However, the control function can be performed by
automatic pneumatc controls or by the dwelling
occupants who initiate manual adjustments to alter
the system’s operation.
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A
SOLAR COLLECTORS

There are numerous concepts tor the collection of
solar radiation. These concepls range from the most
simple — a window — to those that are quite com-
olex and reguire advanced technology for their deve!-
opment — a solar cell for instance Histencally. solar
collectors have been classified as erther focusing or
non-focusing

A non-focusing collector 1s one 1n which the
absorber surface 15 essentially flat and where the ab-
sorber area 15 equal 10 the aperture for incident
radiation. A focusing collector, however, IS ong In
which the absorber area 15 smaller than the aperture
for incident radiation and consequently there 15 a
concentration of energy onto the absorber surface.
Numercus solar collectors have been deveioped
which 1llustrate each of these concepts Several re-
cent collector designs have been developed which
do not fit 1ntd either category. creaung considerable
confusion in collector classificanon. Consequently,

the following description of solar collector concepts
1s not separated exclusively into focusing or non-
facusing collectors

The brief concept descriptions are presented to offer
a geusral classihcation of solar collectors The
reason for collecter classilication 1 not o provide an
exhaustive catalog of available equipment, or aven 10
detail the specific physical principles or engineernng
calculabons required 1o understand how the collec-
tors work Instead, the purpose is to introduce the
reader 10 a range of solar collector concepts which
may be used singly or tagether for the capiure o
solar radiatuon and to ndicale in general terms then
present applicability.

Flat-Ptate Collectors
Of the many solar heat co'lecuon concepis presently

being developed. the relatively ssmple tat-plate col-
lector has lound the widest application s low

ABSORPTION AND RERADIATION

INSULATION

fabncation, nstallatgn. and mamintenance <ost as
compared t¢ higher temperature heat collechion
shapes has been the pnimary reason for is wide-
spread use Additionally, flat-plate coilectors zan be
easlly incorporatec 1nte a building shape prowided
the nit and onentaven are properly calculated

Fiat-plate collectors utilize direct as well as difluse
splar radiation Temperatares 1o 250°F {121°C) can
be attained by carefully designed flat-plate colleclors
Trus 1s well above the moderate temperatures
needed for space heaung. cooling and domesuc
waler hgating

A {la1-plate collector generally consists of an absorb:
ing plate, ofien metalbe, which may be Hal, corru-
gated, or grooved, painted black to wncrease absorp-
non of the sun's heat. insuiated on ns backside 10
mintmize haeat oss from the plate. and covered with
a transparent cover sheetl to trap heat within the
coliector and reduce convective cooling of the ab-
sorber The captured solar heat 1s removed lrom the
absorber by means ol a working fluid, generally air

COLLECTED HEAT

Ny
RADIATION AND CONVECTION
FROM ABSORBER

Diagrammatic Section through Flat-Plate Collector




or treated water. which 1s heated as it passes
through or near the absorbing plate The heated
working fluid s trarspoited to poinis of use or 10
storage depending on enerqy demand

Three types of flat-plate coilectors are discussed
There are innumerable vanants but the following
serve as an introductlory ciassthecation A complete
discussion of fat-plate collectors 15 gqiven by Yellon *
in select'ng any parthcular collector. one should con
sider thermal efliciency. the total area and orenta-
uon required durability of matenals, and mial
operating cost

Open Water Collector

At present. collectors which are factory-produced
and shipped to the building site are relanvely tugh in
cost due 11 pant o the small volume manulaciured
Collectors built from commonly availlable matenials
and fabrcated on the site are less expenswve Therr
thermal efficiency. however, may be lower than fac-

tory produced units An open waicr collector of the
type used n the Thomason House described earlier
13 representative of on-site fabncated coliectors
which use corrugated metal roofing panels painted
btack and covered with a3 transparent cover sheet
The paneis thus provide open troughs i ihe cor
rugations lor tnckling water 10 be fed from a supply
at the top ot the root to a collection gutter al the
base where 13 then transported o storage Heat
losses that occur by evaporation i gpen systems are
reduced i some designs by the nestng of two cor-
rugated skeels with a small enough passage in
between them 10 torce the woter into contact with
the tnp sk- 2t Open water colloclors shouid be
carefully evaluaied before use in cold clunates. to
determing the extent ol condensation and correspon
ding loss of efticiency

Air-Coolad Collector
Collectors thalt employ ar {or gas) as ihe transport

medium between colleclor and storage have been
developed -—- no‘ably as designed and installed by

George Lof on his own residence in  Denver
Colorado. where the solar sysiem has been i opera-
uon since 1957 Low maintenance amd relauve
freedom hom the fraezing problems expenancead
with iquid cooted colleciors are 1wo ol the chief ad
vantages o ar cofleciors In additon, the heated ar,
can be passed directly into the dwelling space or
mto the storage componert Disadvaniages are the
inetficient transfer of heat from air 1o domestic hot
water and the relatively iarge duct sizes and elec
ncal power required tor ar transport between colb-
lector and storage Although few ar collectors are
now readily availlable from manulacturers, in contrast
1 the more than one dozen sources of hquid cooled
collectors. 1t s predicled that air cooled collectors
will soon becone more widely used

Liquid-Coolad Collector

Most collectors developed since the tme of the
MIT expenmental houses have used waler or an
anufreeze solution as the transport medwm The Q-
agwd 18 heated as o passes through the absorber



plate of the collector and then is pumped to a
storage tank, transfernng its heat to the storage
medium.

The prevention of freezing. corrasion and leaks have
been the major problems that have plagued liquid-
cooled sysiems, which are otherwise efficient collec-
tors and transporters of heat. This is generally ac-
complished by using o1l or water treated with carrosion
inhibitors as the transport medium or by designing the
collectors 10 dran into storage duning periods of non-
collection.

Increasing the Performance of a Flat-Plate
Collecior

Fiat-plate collectors are frequently mounted on the
ground or on a building in a fixed positon at
prescribed angles of solar exposure — which vary
according to the geographic ioccation. coliector type.
and use of absorbed sclar heat. The fixed mounting
has advantages of structural security and design
integration, but must be oriented within prescribed
limits to receive a level of solar radiation commen-
surate to the capital investment involved in instalhng
a solar energy system For space heating a tit of
latitude pius 15° and an orentation true south to
southwest {afternoon air temperatures are higher and
thus bias an orientation west of true south) are con-
sidered optimal based on existing solar experiments
in operation at this tme. For combined space
heating and cooling, collector orientation remains the
same while collector tilt 1s changed to latitude plus
5° Vanations are generally tolerable only within 10°
o 15° of these optima. Theia have been several
proposals to improve the annual thermal perfor-
mance of flat-plate collectors. One concept involves
the use of adjustable/sun-tracking flat-plate collectors
that are continually or periodically adjusted. while
another uses reflecing panels to ncrease thermal
yreld.

Mounting a flat-plate coliector on adjustabie or sun-
tracking mechanisms can improve the annual ther-
mat performance of the cobector by as much as 70
percent. A collector can be ulted from the annual
optimum {described as lattude plus 15° for space
heating} to more closely approximate the seasonal
optimums. For instance. season optimum for space
heating will vary 47° from December to June A
monthly adjustment can be made manually, provided
there 15 access 10 the collectors. which can yield at
least a 10 percent improvement over a fixed posi-
tion. Adjustable tilt mechanisms can usually be
accommodated most easily on ground or flat roof
installations.

A collector can also be rotated on one axis 10 follow
the daily path of the sun’s orientation from east

to west. This will reqiure an automaunc tracking
mechanism, unless a method for manual adjusiment
dunng the day 1 provided. Wih an automatic sun-
tracking mechanism, annual energy increases ol 40
percent could be expected in areas where the
predominant source of thermal energy is direct radia-
nan,

The ult and onentation of a flai-plaiz collecior can
be maintained n any optimum position throughout
the gay and year by use of a hehostatic mount A
heliostane mecharism maintains the collector at a
perpendicular {normall exposure to direct solar racha-
tion Although the contrel mechamsm and structural
mounting are complicated. a sun-tracking flat-plate
collector could collect 70 percent more solar radia-
tion than the same flat-plate collector in a fixed
optimum position The cost of such a sophistcated
tracking solar coliector should be compared with
the cost of a larger fixed coltector which would
deliver the same energy output

Another concept for increasing the thermal yield per
urut of flat-plate collector area is the use of panels
which reflect addinonal solar radianon onto the
collector, thereby increasing sts thermal performance
The same panels, i so designed, can also be used
10 cover and (nsulate the collector durng non-
collection penads, at night, and on cloudy days The
paneis may De operated by sun sensitive automatic
controls or manually. In either case. questions of
mainienance and operaton should be considered.
paruculary in areas that expenence sSnow of Ice.

There are also collection arrangements that reflect
incoming solar radiatton several imes onto a
focused or concentrated area. thereby using an op-
tical gain ta increase the unit collection of the absor-
bing surface. As a result, the area of collector absor-
bing surface needed is reduced. There are numerous
concepls based on such principles One patented
idea that has found applicangn is a flat-plate
collector that is lpcated in a roof shed where an
adjustable reflecting panel directs the radiation to an
otharwise weather-protected collector. As mentoned
above, cost, fabrication and rhaintenance of ad-
justable reflectors 1s a major consideration for use.

Flat-plate Cellector with Adjustable Tilt



Concentrating Collectors

Concentraiing collectors use curved or multiple
point-target reflectors to increase radiation on a
small target area for either a tube or point absorber
Presently, concentraing collectors are greater in cost
than the flat-plate collectors described above. with
added problems of reflective surface maintenance.
For use in sunny climates however, they promise
more than double the temperature generated by flat-
plate collectors. Concentratinn roftlectors are best
suited for areas with clear skics where a major por-
tion of solar radiation is received in direct rays. Ther
inability to tunction on cloudy or cvercast days is a
significant disadvantage of concentrating collectors
as compared to flar-plate collectors. However. they
may find a particularly viable role as a colleclor for
solar cooling systemns, but at present require more
development than flat-plate collectors. Farnngton
Daniels” text contains a detailled description of con-
centrating collectors ?

Linear Concentrating Collector

A reflector curved in one direction that focuses radia-
von on a pipe or tube absorber 15 a hinear concen-
trating collector. Heat is removed from the absor-
ber by a working flud circulating through the pipe
and transported to pownt of use or stc age The ab-
sorber 15 generally covered with a transparent sur-
face to reduce convective or radiative heat losses.
The working fluid should have a boiling point above
the expected operating temperatures of the collector
and also be resistant to freezing.

Linear concentrating coliectors can be designed with
the long axis honizontal iin an east-west direction) or at
an optimum tilt {in a north-south direction). Since the
change in the sun’s allitude during the day is less than
the change in 1t's compass direction, horizental linear
cancentrating coliectors can be designed for manuyal
adjustment every few days, ta track the sverage path of
the sun as it changes from season to season. Tilted
linear concentrators with the long axis north-south

must track the sun throughout the doy, as must
horizontal linear concentrators designed for precise
focussing.

Circular Concentrating Collector

A reflector in the shape of a dish or hernisphere that
15 used 1o focus solar radiation on a point target
area 15 a circular concentrating collector. An ab-
sorber located at the focal point absorbs solar
produced heat where a working fluid then transports
it away from the collector. The collector may be fixed
and the target area {absorber) moveable to accom-
modate ihe daily path of the sun as the focus point
changes with the direction of incoming rays
More commonly, the entire reflector and absorber
assernbly 15 made 10 follow the sun Several ex-
perimental designs have been constructed unhzing this
principie. The high temperatures achievable by such
collecter mountings may eventually justity their use
despite problems ol operation. durability. design in-
tegration and structural mounung, it they permit
economies in the design of the total system or the
bulding stself

Circular Concentrating Collector

Linsar Concentrating Collector




Passive Collectors

The collector concepts discussed to this point have
been relatively independent elements which can be
organized and ogergted quite apart from the building
iself. That is, the relationship of the collector to the
building it serves can vary significanty without a
major alteration of system performance. There is a
point when it is advantageous in terms of cost.
building design and system operation that the cotlec-
tor, storage and buiiding be physically integrated.

There are numerous tollector concepts where the
relazionship of the collector to the building 1s direct
and the alteration of collector design will modify n
varying degrees the building’s design. These con-
cepts use the entire building or varigus elements of
the building (walls. roof, openings) as solar com-
ponents. As such, the collector and building are one
and the same element and therefure cannot be
separated from each other. This type of collection
methad has come to be known as inherent or
passive solar collection.

The integrated nature of passive solar collectors per-
mits the design of a variety of collectar concepts.
The ‘magination of the designer and builder is the
only limiting factor. Passive collectors can be as sim-
ple as a window or greenhouse.

Three general passive co'lector concepts are dis-
cussed below. There are innumerable other con-
cepts, but the following will serve as an introduction
to inherent or passive solar collectors.

Incidental Heat Traps

All collectors are “heat traps” in that they capture
heat from direct solar or diffuse sky radiation or from
adjacent ground or building surface reflection. There
are numerous building components including win-
dows. roof monitors, and greenhouses discussed
below. which are not normally considered solar
collectors but can be used as such along with their
other principle function. Because they can serve

various purposes — visibility, ventilation, natural il-
lumination — as well as incidental heat collection.
they become particularly valuable building com-
ponents in integrated solar dwelling design. Ad-
ditionally, they illustrate that energy censervaton
does not preclude the use of windows, glass struc-
tures, or skylights if they are designed 10 maximize
direct solar heat gain.

The use of south-facing windows 1o increase heat
gain directly into a building is well known. Beginning
with the Crystal House in 1933, the concept was
used in the United States in popular house plans
that were often referred 10 1n the 1940's and 1950°'s
as “solar homes.” The south wall orientation 15 con-
sidered ideal compared 10 east and west walls
because in northern climates shading of a south win-
dow to prevent summer overheating is easily ac-
complished by an overhang calculated to equinox
sun angles. In such arrangements, careful attention
must be given to insulating the window at mght,
preferably from the interior, 10 reduce heat lass. With
an interior insulating drapery. or even better. a
shutter which is much more air-tight. windows do in-

Overhiung protects window
from summer sun

Moveable insulation 10
reduce heat loss

Massive floor 1o prevent
overheatiny

deed function as effective heat traps and have been
shown to be able to prowde a sizable percent of the
annual heat requirements of a buillding (estimates
vary from 25 1o 60 percent, depending on ciimate
and use).

Windows used as solar colieciors have the drawback
of overheating the space they serve In order to
reduce the overheating effect. masonry surfaces such
as concrete, brick, tile, or stone on the floor or on
the walls can be used for their heat storage capacity.
absorbing the hea: during the day and radiating it
subsequently for several hours or more The storage
effect of a particular floor or wall can be calculated
as a function of the specific heat " of the mascnry, i1s
volume and weight, and the expected iemperature
differences 1t will expenence throughout the day Too
great a storage effect in the exposed room surfaces
can have a negative efect on occupant comfort or
fuel consurmption if the morning “reheat” time of the
matenials 1s 100 long. However, properly designed
the thermal mass of construction matenals can play
a significant role in an integrated solar dwelling
design.

* Specific haat 15 the quanuty of Btu's which can be
stored per poung per degree F

South-Facing Window as a
Solar Collector




The use of a greenhouse as an ircidental heal trap
is a further elasoration of the solay window concept
It exposes more glass area 16 solar radiation than a
window but with greater heat loss if no provision s
made for wrsulation. Fiberglass panels and temper-
ature sens'tive gels are under gdevelopment 10
reduce beat joss while allowing a comparable
amount 5f direct solar radhation to enter the green-
house Aanother 1dea thar has found applcation s a
patented vacuum-driven system whach lilis ana enp-
ves a cavily between two sheels of glass or plastuc
with polystyrene beads. thus substantally increasing
the insulation charactenstcs of the transparent sur
face

Bgan, slorage such as masonry surfaces or a rock
pile under the greenhouse may be necessary to
avoid overheatng the space One advantage of a
greenhouse as a solar colleciar 1s that o1 can be
ciosed off from the rest of the house on sunless
days. thereby reducing the net healed arsa of the
dwelling Howsver. dunng some penods of cooler
weather 1t can be used as a supplementary space of
the house —- an atwum, a suen rom, a day room. or
a garden room

Greenhouse as a Solar Coliv:tor

Moveabte mnsulaton

Another passive collector concep! valuable because
of 115 versathity 13 a root monner A rool mamitar is a
cupacla. skvlighi. or clerestory shed arrangement thai
15 designed to control heat gan. natural hght. and/or
ventlanon Roof moniltors by themselves are poor
devices for gainng usable heat. first. because the
heat enters al the high pomt of the bullding. and se:
cond, hecauss the roo! exposure gamns 30 much
sclar radiation in the summer that shading or n
sulanng arrangements are requited Also. because of
the low winter sun angle the sun entening through
the roof momtor would probably nol reach the floor
or lower wall surfaces (o oher any storage affect
Hawaever,  a return ar register s located at g high
pomnt i the space. the trapped heat can be recir
culated Thus technique will preven a lemperature
stratification within a building by conupually retur
ning solar heat gained through the hwlding and rool
moniter o the lower occupied spaces

Roof moniors are of pariicular interest because the
are excelent sources ot natural hghung and can be
used in summer months ¢ augment naiucal cooling
througn the “thermal chimney ™ effect Roof

monitors, designed with proper nsulatng and ven-

' The thermal chimney effect refers 1o the naral nse of
hot awr in a bulding which 15 verited 1o the extenor.
therelby causing a continuous circulaton of ar for ven
tllaung purposes

Roof Monitor as a Solar Collector

Duct and fan
circyiates trapped
hot air back to

Heonre lovenl

rlatng controls, can he used to great advantage in a
low energy approach to design

Thermosyphoning Walls/Roof

Angtber set of passive collector concepts makes use
of heat that s bult up within a wall or roof struciure
by “syphoning or drawing 1t off and supplying «t to
a rom or storage elemenl “Thermosyphoning.” a
termn tradinonally applied o0 mechamical systems hat
use 1he nalural nse ol heated gases ar liquids for
hear iransport, 15 the pnmary methed for moving
caplured heat to point of use or storaqe To avord
oveerheating n the summer. the space whore the
hem binlds up s viented 10 the extenor Three ther
mosyphoming concepts are discussed helow

One thermosyphomning concept which has found
apphcanon in tradinonal as well as solar designs 15
the use ol solar heat rapped i arr spaces n walls
and roofs When the trapped arr temperaiure ex.
ceeds the temperature of the wnternal building space
it can be drawn off by direct veniing or forced anr
duct arrangements

Thermo-syphoning Roof as
Solar Collector




This method of solar heai collecuon is marginal at
best due to the smali amount of heat coliected.
probiems in the control of temperature differences
between the nside of the wall or roof structure and
the occupied space, and the large ducts and elec-
wrically powered fans needed 10 move any sizable
volume of haated air However. the concept of using
the solar heat that is built up within a building’s
walls or rocf deserves consideration as a mult-
purpose solutien 10 annual climate conditions.

A more effective variani of the preceding concept 15
one where the exteinal surface or internal and exter-
nal wall or roof surface are’ transparent. The heated
air trapped between the building surfaces can be
used because it will usually be hotter than the
temperature of the occupied space. Ducted fiberglass
panels are under development for just such an
application. This concept 1s not as effective a  formal
solar heat collector lie. flai-plate collector} hut it
has the advantages of admitting natural light, and
providing better insulation than a plate glass win-
dowv.

The previous two thermosyphoning concepis used
the walls and roofl of the building for solar heat
collection In a further elaboraton, the buidding
envelope is also used as storage. In severa! ex-

Thermosyphoning Wall

ey
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amples descnbed previously. noetably the
Michel/Trombe House. a giass wall 15 placed over an
absorbing material — generally masonry — which 1s
painted dark and serves as heat storage for a time-
lag capacity that has been previously calculated. The
air space between the glass wall and the absoriwng
material is vented to the mienor st the wop of the
wall ar ducted to rock storage elsewhere »n the
bullding. A cold air veturn must be located at the
botiom of the collector so that a thermosyphoning
arrangement can be vsed to facilitate air circulation
As previcusly mentioned, the morning reheat time of
large storage media becomes a design calculation
that 15 parucutarly ciitical with such direct storage
concepts.

Solar Ponds

A solar pond s a particularly interesting passive
collector concept because it can provide for both
heating and cooling. Also, a sular pond may be inte-
gral with the building structure — on the roof for ex-
ample — or entrely separated from the bullding on
adjacent ground. For githet siuaton, control must be
maintained over the healing ard cooling processes
for efficient operation This can be accomplished by
the use of movable nsulating panels 10 expose or
conceal the pond. by filling and draining the pond

Patented Solar

according 1o the heating and cooling demand or by
covenng the pond with a transparent roof structure.

Although solar ponds at present have found bmited
application confined io the southwest, thev have aiso
been proposed for use in northern climates. Solar
ponds are parucuiarly appropriate to climates where
the need for cooling 15 the principle design condition
and where summer night temperatures are substan-
ually lower than daywne temperatures The combina-
uon of these chimatic cordmons, found usually n
hot-arid regions. permits the ponds and elements of
the building {extenior walls} 10 be cooled by natural
radiation to the night sky and to effect a time-lag of
temperalure through the building envelope. n 1deal
cases up 1o eight or more hours. This permis
numergus design concepils 10 aid natural cocling by
radiation and evaporation. in hot-humid chmates,
high vapor pressure, cloudiness and a small diurnal
lemperature range hmits the cooling efficiency of
solar ponds.

Roof ponds have lound a more widespread applica-
tion than ground ponds The major advantage of

a solar roof pond 1s that i1 does not dictate building
onentation or exposure. and as long as there are no
barners between sun and pond it will prowde a com-
pletely even heating or coviing source over the entire

~d Concept used in

Atascadero Hou.e

Waterbags and Solar Pond

Moveable insulation




living area of a building Several dwellings incor-
porating a solar roof pond have been designed and
constructed. The Atascadero house, brniefly discussed
in the previous chapter, is an example of a dwelling
concept using a roof pond.  In this patented
design. water containers are disposed on a flat roof
and covered with insulating panels. During summer
days the panels are closed At mght the panels are
removed to lose heat to the cocler night sky.
Suitably cooled, the water containers then draw heat
dunng the day from the bulding interior {usually
through a metal deck roof} In winter. the process is
reversed, exposing the coentamers duning the day to
coliect and store sclar thermal radiation and then
covered by the mnsulating panels at mght. providing
heat 10 the interior.

The same process is apphcable 1n northern climates
However, the roof pond s now covered by a trans-
parent roof structure oriented to receive maximum
incident solar radiation Heat 1s trapped i the attic
space thus warming the pond. Insulaung panels
cover the transparent surface duning periods of no
collection to reduce heat loss The transparent sur-
face could be removed during the summer to In-
crease evaporalive and convective coohing.

An alternative to water containers covered with
insulating panels or enclosed n an atlic space is a
roof pong with circulating waiter between the roof
and a storage tank located below or within the
occupied space. With this sysiern the need for
movable insulating panels is ebminated. During the
heating cycle. circulation would take place during the
daytime. The water, heated by the sun, would be
stored or distributed depending on the dweliing's
heating requirement. To prevent cooling by evapora-
ticn the pond must be covered by a transparent surs-
face — glass or plastic which can float on the sur-
face. During the cooling cycie. the circulation of
water wouid take place only during the night. The
cooled water would be stored to draw heat during
the day. The transparent cover sheet would no
longer be needed for eMicient cooling operation,
since cooling would be achieved by night sky radia-

SOLAR HEAT STORAGE

The intermittent availability of solar radiauon requires
that heat be stored during tmes of favorable collec-
ton for later use for such purposes as space heating.
cooling and domesuc water heaung Solar heat may
be stored by raising the temperature o! inest sub-
stances such as rocks. water, masonry. or adobe
{sensible heat storagel, or it may be stored by rever-
sible cherical or phystcal/chemica!l reactions such
as the dehydration of salts or phase changes {latem
heat storage)

In many cases the use of several storage methods or
the slorage of heat a3t differeni temperan:res has
been shown to be advantageous for supplying the
heating and cocling demand of speciic buildings
The type. cost. operation, and required size of the
solar storage component will be determuned by the
method of solar collection. the dwelling's heauing
and cooling requirement and the heat transfer ef.
ficiency to and from the storage uni

The following heat storage concepts are classified 1n
broad categories. Each storage method talls within
the two previcusly mentioned generic methods sen-
sible heat storage and latent heat storage The
technical feasibility of each method has been
demonsirated either in actual use or in expenmental
tesung.

Sensible Heat Storage

Room Air and/or Exposed Surfaces

The solar radiation received from south facing
windows or transparent panels increases the temp-
erature of room air and surfaces exposed to the
sun’s rays. As such, the rgom’s air and exposed sur-
faces (walis. floors. etc.} are the solar storaae com-

siluations the storage capacity of the air and sur-
faces will not be sufficient for long penods of
heating demand Additonally. in the process of
“charging” the siorage. the sgace may become
overheated and possible extremely uncomlfornable for
the occupanis

To use effecuveiy the radiauon stored i the air and
room surfaces, careful anenton must be gwen to
mimmizing the loss of heat ai night or when collec-

“Hon s not occurning  inswlated drapes. shutters, and

other such devices are necessary to reduce heat loss
and increase the use of rapped heat The room size,
the window placement, the matenal composion,
volurme and weight, and the expected temperature
difference will also datermine the performance of the
solar storage

A more direct apphcaton of this storage concept

involves the placement of a glass or transparent wall
over an exposed masonry surface such as concretle
The exposed surface which serves as the heat store
18 painted a dark color and jocated directly behind

Heat Storage in Massive Floor
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Moveable
insulation

the transparent surface. The thermal conductivity and
specific heat of the wall material and the expected
temperature range will determine the volume of the
wall. The reradiation time-lag must be accurately
calculated 1o assure proper heatuing of the space It
15 someumes necessary 10 place nsulation on the
room side of the storage wal 10 avoid over: »aung
the space. The exposed masonry storage method s
usually used In conjuncuon with interior and extenor
vents to control the heat disinbuton 10 the space or
10 another storage system

A vanaton of exposing a masonry surface 1o solar
radiation 13 10 expose conlainers {i'led with water
The exposed water containers may be placed on the
roof or used as intenor or extenor walls. The
previously described Atascadero house which usges
plastic bags flled with water placed on the roof 1s
an example of this meihod of siorage Agan, careful
calculations are required to properly size the storage
capacity Also. a simular means of thermal control 1s
necessary 10 assure a proper lag-bme and o avod
overheating

™

Rock Storage

A common method of heat storage. most often
associated with air-cooled flat-plate collectors. 15 rock
storage. Pebble beds or rock piles contamned in

an nsulated storage unit have sufficient heat capaci-
ty 10 provide heat for extended sunless penods The
rock storage 1s heated as air from the collector 15
forced through the rock container by a blower Raock
storage will require approximartely 2% tmes the
volume of water siorage, assuming the same
1emperature range For example, a rock pille with a
void space of one third of the total volume can store
approximately 23 Btu/cu f1/degree F, while water
can store 625 Bw/cu 1t /degree F

A convaerient rock size lor sioring solar heat s aboul
2 mches in chameter A decrease in pebble size
increases the aw [low resistance through the siorage
and may alffect blower and duct size and distnbution
elficiency Unlike the previcus storage methods, rock
siorage does nol have 10 be in close prosrmity 1o the
collector However. as the distance increases. the
heat transfer lasses between the heated ar and the
rocks also ncreases and larger ar ducts and more
elecirical power are generally required for moving ar
berween the coliector. storage. and healed spaces

Heat Storage in Water Tanks
behind Wall Collector
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Water Storage

Water has the highest heat capacity per pound of
any ordinary maternal l{ s also very inexpensive and
therefore 1s an attractive storage and heat-transfer
medium However 1 cces require a large slorage
1ank which may be expensive The siorage tank

15 usually insulated 10 reduce conduchive he Jt
losses Also. it 15 somenmes pracbcal 1o compart-
mentalize the storage :ank (0 control temperature
gradients (differant temperatures within storage tank)
and o maintain an zfficient heat transfer Potenual
disadvantages of water storage nclude leakage. cor
rosion and freezing.

Heat 1s generally transferred 10 and from sicrage
by a working luid circulated by an electne pump
The heated working 1luid nsell may be placed n
siorage or its heat wransterred i the sworage tank by
a heat exchanger The process of heat tansler 10
water 15 more efhicient than 1o rock and 1herelore
tess surface tor the heat exchanger 1s required With
water storage. proximny of sinrige w the collector 1s
no1 a3 chncal as with rock storage Also, compared
to rock storage. water occumes a comparatively
small volume

Rock Heat Storage

Water Heat Storage



Latent Heat Storage

The use of the heat of fusion or heat of vaporizanon
associated with changes of staie or with chermical
reactions offers the possibility of stoning a great deal
of heat in a small volume Although numerous
physical/chemical processes have been invesbhgated
and offer numerous advantages compared with sen-
sible heat storage. there 15 not at the present ime a
compietely reliable storage method using fatent heat.
However. 10 llustrate the basic pninciples of latent
heat storage, several examples are presented

Salt Hydrates

The salt hydraies are among the simplest types of
chemical used for heat storage The heatl slorage
process invoilves a phase change — generally. iquid
1o sohd to hguid — which is induced by and
prodirces heat. When the temperature of salis (such
as the Glauber salt used in the Dover house) 1s
raised to a specific value dependent on the chemical
composition, heal is absorbed, releasing water of
crystalization which dissolves the salt. When the
temperature drops below the crystatlization
temperature, the stored heat 1s released and the
solution recrystallizes This phase change allows the
salis o store a large amount cf heat per unit
volume. Unfortunately. after many phase change
cycles the salt hydrates have a tendency to break
down thus discontinuing their heat-evalving
crystallization.

Paraffin

Paraffin sworage is similar 10 salt hydrate storage in
that thermai energy is stored by heat-of-fusion Paraf-
fin does not have the crystallizauon proklemn com-

mon with salt hydrates However, waxes do have &

* Heat of fusion 15 the latent heat invalved 1n changing
between the solid and hquid states while heal of
vaponization s the latent heat involved n changing
between hqud and vapor states.

tendency 1o shrnink on sohditying and thus lose con-
tact with the heat exchange surfaces (1e. walls of
the contaiming vessel). thereby reducing the rate ol
heat transfer

Comparison of Storage Volumaes

The chart below illustrates the relative temper:
ature and volume of heat storage media required o
provide energy 10 a typical house for three days al
an outside temperature of 2Q°F {-7°C} For heaung,

the lowei the sworage temperature the greater the
volume required Since storage temperatures for
most locates will not exceed 200°F (94°C) dunng
wirler condiions, il becomes imperatve that the
building be designed to use heat efliciently

ENERGY STORAGE VOLUME FOR THREE DAYS AT 20 DEG F
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THERMAL ENERGY DISTRIBUTION

Generally speaking, there are three methods by
w..ich thermal energy from storage or collector can
be distributed to point of use: gas flow, liquid flow
and radiation. Within each category there are several
techmgques by which the distribution of energy to
occupied spaces can be accomplished. Some involve
mechanical and electncal equipment and processes
while others utitize natural convection and radiation.
The manner in which sclar radiation 15 coltected and
stored will usually determine the means of distribu-
uon. For example, if an air-cogled flat-plate collector
is used 10 capilure solar radiaton and a rock pile 15
used 10 store *he heat, distribution is usually ac-
complished by air.

Gas Flow Distribution

Natural Convection

Natural convection 1s the circulatory motion ¢f air
caused by thermal gradients without the assistance of
mechamcal devices An example of convecton is the
motian of smoke towards room lamps — the har arr
generated by the lamp rises because it is less denge,
and cooler air maves in to replace

Matural convection is a useiul means of distributing
solar *hermal energy because it requires no mech-
anical or electrical input. However, for this same
reason, careful attention to design is required to
maintain propsr control ~f corvactive distribution
mathods. The placement of solar collectors, storage.
int rigr ang exterior walls and openings is extremely
impnriant for the successful operation of convective
distripunan.

The operztion cycle ¢ natural convective distribution
15 quite simple. Heat from the collector or storage is
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supplied 10 the habitable" space. This process is con-
troiled by the collector or storage design or by wall
or floor vents. As the hot air nses to displace

cooler air. convection currents similar to those
causing winds occur, and the air 15 distributed
through the space. The air 1s cooled, becomes dense
and falls toward the floor. where « is captured by
cool air return vents, passed through the collecior
and storage and once again distributed The cycle
will continue as long as there s a temperature
difference between the coliector/storage components
and the room air. When the convection heating cycle
13 not desired. in the summer for instance, the
warmer air may be venied to the exterior.

Forced Air

A forced ar system relies on mechanical equpment
and elecincal energy for the disinbution of thermal
energy. Design for solar systems 1s much the same
as for conventional forced ar systems. However,

because solar produced temperalures in s1orage are
often relatively low, distnibution ducts and vents must

\ '
Louvers

oo VPP

normally be larger than those used in conventional
heating/cooling systermns Therefore, 0 achieve max-
imym efficiency in a solar system. careful attenuon
10 the design of air distribution throughout a dwelt-
INg 15 required.

Forced auv distribution for solar systems s

similar 10 conventuonal air distribution  Air from
either the collector or storage 15 blown through ducts
to the occupied spaces The type of solar collector or
slorage 15 not the deterrmining factor for selection of
a forced air ducted systermn: the system 1s adaptable
to rock. water or phase change storage components
For rock and containenzed phase change storage. ar
15 simply blown through the swrage to ducts which
supply the dwelling spaces. In the case of water
storage. a heat exchanger is required 1o transter heat
from the liguid to air which s distributed o dwelling
spaces.

Uninsulated
Storage Tank

Natural Corwection

Forced Air



Liquid Flow Distribution
Farced Radiation

Forced radiant distribution relies on the transfer of
heat 1o air in the occupied spaces by radiaton and
convection from circulating hot water through tubes.
For cooling. the forced radiant system 15 generally
used in conjunction with a refrigeranon unit which
passes chilled water through a fan coll umit located
at the point of distnbution. A plower is used to force
air through the cooled fan coill unit and nto oc-
cupied spaces.

The piping for the radiant system may be located n
the ceiling, floor, or along the wall in hin tube
baseboard units. The only significant alteratian re-
gquired of convenugnal radiant systems for use by
sofar systems 1s the enlargement of the radiating
surfaces — larger fin tubes or closer spaced ceiting
or tloor coils — because of lower temperatures fron.
storage.

Baseboard

Natural Radiation

Natural radiation 15 the transfer ! heat by eleciro-
magnetic waves without the assistance of mechani-
cal devices. The radiation properues of the emnting
and absorbing surfaces. which are nfluenced by
their temperature, will determine 1he rate of heat
flow between them

Unlike natural convection. which s dependent on
differenual arr temperaiures for distribution, natural
rachavon 15 dependent on differental surface
temperatures An example of natural racation 13 the
sun warming a greenhouse on a cold day The
radiant energy 1s transferred directly to the
greenhouse surfaces and is not signiticantly allecied
by the cool temperature of the surrounding ar
Naturai radiation 15 particularly useful far collector or
storage sysiems which are directly exposed 10 the
occupied spaces. The captured energy can be
emitted by nawral radianon directly 10 the room's
surface The walis. floors, and ceiling of a dwelling,

Forced Radiation

Water Tanks

Natural Radiation

which are used 10 collect and/or store thermal radia-
uon will radiate directly o a room’s ather cooler
surfaces The Atascadero hcuse :n Calformia 1s an
example of solar heat distnbutien by natural conduc-
non and racabion

COLLECTOR — STORAGE —
DISTRIBUTION COMPONENT INTERFACE

Solar system design. in its many different ap-
proaches. assembies tue collector, storage. and ds-
tnbution components Into a heating. cooling and/or
domesuc hat water system Each cormponent of a
solar system lcollector, siorage. and distribution}
may be compatible with a limited number of other
solar components or may be compauble with many
For exampte. a solar collector may be compatitie
with a specilic siorage companent which in wrn may
servé one or several types of distnbution systems

To Hlustrate the compaubihity of vanous solar com.
ponentis and o describe the process of converting
solar radiaton info thermal energy for heatung

and cooling, several representative solar systems wall
be discussed Each representative solar system wiil
be made up of a collector, storage. and distributian
component descrnibed earlier in this chapter.
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A Solar System

A salar liystem may be diagrammed as shown
below. |

The badic function of a solar system 15 the conver-
sion of solar radiation into usable energy. This is
accomplished in general terms in the following
manrner Radiation is absorbed by a collector. placed
in sicrage. with or without the assistance of a
transport medium, and distributed 1o point of use —
an occupied space. The performance of each operau-
uon is maintained and monitored by automatic or
manual cortrols. An auxiliary energy system is
usually available for operation., both to supplement
the output provided by the solar system and o
provide for the total energy demand shoutd the solar
system become inoperable.

With this relatively simple process in mind. a

rore detailed explanation of several solar systems
s presented ilustrating vanatons in solar system
design and aperation.

Dratibulion

Enmpgy Sauica

A SOLAR SYSTEM
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Representative Solar Systam Ona:
Warm-Water Flat-Plate Syriem

Solar heating using w~ater ag the heat transfer and
siorage medium is the mosi common system (n
use today. More information is available about

the behavior of water systems than about either air
or passive systems.

The basic components of a typical water system con-
sist of a collector; storage; & system of piping,
pumps. and controis for circulating water from
storage through the collector; and a distribution
network lor transfernng stored heat to the dwelt
ing space The relationship of the various compo-
nents of a warm-water solar system is diagrammed
on the vpposite page.

Component Description and Operation

The liguid-cooled flat-plate collector has a flat ab-
sorbing surface integrated with transfer fluid piping
which coliecis both direct and diffuse radiauon.
Energy is removed from the collector by a haguid
fiowing through conduits in the absorber plate. The
transport fluid is pumped to storage where its heat 1s
transferrad to the storage medium {water in this
case} and then returned to the collector 1o absorb
mare heat. Generally, the transfer fluid i1s circulated
through the collector only when the absorbing sur-
face is hotter than storage (except in instances when
snow han covered the colleclor surface and the
heated transport fluid is circulated through the
collector 10 melt it).

Storage consists of either a concrete or a steel tank
located near or beneath the building laccess should
be provided). The tank should be insulated to
minimize heat loss. A concrete ank should be lined
with a leak-proof material capable of withstanding
high storage temperatures for extended periods
without deterigration. Heat from the collector is
transferred to storage by a heat exchange coil passing
through the storage tank. Coil length and size is depen-
dent on expected collector operating temperatures.

The distribution system consists of a pump and
pipes which deliver heated water 10 the occupied
spaces. A thermostat controls the aperation of water
flow or fan coil unit use in each room gor dwelling.
Baseboard heaters {convectors) require careful
evaluation when not used in conjunction with a fan
coil unit. Liguid-cooled flat-plate collectors seldom
deliver water above 150°F in winter operation
without auxiliary energv or reflected surface focusing.
For this reason most warm water distribution
systems use *an coil units or enlarged convectors.

Energy is transported away from the collector to
storage by water of a water/antifreeze solution.
Liquid transport fluids should be carefully evaluated
before selecuon. Tha liguid miist absorb heat readily
at various collector temperatures and easily give up
heat 10 the storage medium. Additionally. the hiquid
should not be corrosive to the system cemponents,
toxic. or susceptible to freezing or boiling

A gas-fired conventional bgiler is integrated with the
solar system o provide an auxiliary energy supply
should the solar system fail to function or not meet
the dwelling’s heating requirement. The distribution
piping is run through the boiler whare an energy
koost may he supplied when temperatures from
storage are not sufficient to heat the dwelling ade-
quately.

Domestic hot water piping is run through the central
storage tank pnor w passing through a conventional
water heater. Storage heat is transferred to the hat
water piping. thereby either sliminating the need for
additional heating or substantially reducing the
energy required 1o raise the water to the needed dis-
tribution temperature The domestic water heating
system may operate independent of the space
heating system. This is vary useful for summer
manths when space heating is not required.




Schamatic Diagram of Warm-Water
Flat-Plate System

Living Space

Controls

Storage

L e e —r——

Advantages of Warm-Water
Flat-Plate Systems

& They have repeatedly been praoved 1o work well

* Water 15 a cheap and efficient heat iransier
and storage medum

* Piping. as opposed 1o duciwork, uses Intle floor
space. s easily interconnecied. and can be rauted
easily 1o remate places and argund corners

® The circulation of water uses less energy than
the circulaton of air with corresponding heat
content

s Much less heal exchanger area 1s required than
with an arr system

Disadvantages of Warm-Water
Flat-Plate Systems

® High imtial cosi parhcalarly whon expensve
pretabncated collectors are employed  With (the
use of large areas ol lower-efhicency collectors,
the otal system cost may he lowered con:
siderably '

¢ Care must be 1aken to prevent the occurrence of
corrosion. scale. or freeze-up capable ot causing
damaje or blockage

* | nakace anywhere in the system can cause
considerable amount of damage 16 1the system
and the dwelling

¢ Contamination of the domesue hot water supply 18
possikle f a leak allows treated water slorage
10 enter the domesne water system

Domestic Hot Water

Auxiliary
Energy Source
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Schematic Diagram of Warm-Air Fiat-Plate
System

Representative Solar System Two:
Warm-Air Flat-Plate System

Warm-air systems differ fromn warm-water systems in t
that air is used to transfer heat from collector 1o
storage. The storage medium can be water, but
more typically rock piles are used for warm-air
systems. Heat. stored in the rock pile, can easily be
distribuied to the dwelling space by a forced air
system. One possible arrangement of a warm-air
system is diagrammed balow. S
o

Componont Description and Oparation < \ N

The air-cooled flat plate collactor has a solid absorb- N
ing surface and collects both direct and diffuse radia- i

tion. Energy is removed from the collector by air \ T
flowing in ducts beneath the absorber plate. As

shown in the diagram, the system may be operated \
in four different modes: Living Space I

[N A R

¥ ——

. heating storage from collector Controls 3
heating house from collector e
. heating house from storage i
. heating house from auxiliary energy system
. . 2
The four modes of operation are regulated by several 4" %
sets of dampers. One set of dampers will direct air — ' . :
flow from the collector into starage or directly into g ' i i
. , Distribution . 1 g
air flow from storage 1o the occupied spaces. The .

the occupied spaces while another set wili regulate - g R — {
dampers may be adjusied by manual or automatic ' FaE
controls. During modes two and three, an energy : p

. 3 o

-1

boost may be supplied to the warm air by the bt " : , [ e——

auxiliary energy system before the air is distributed Domaestic

to the occupied space. The amount of the energy Hot Water
boost is determined by the temperature of the air

passing through the auxiliary heater and the amount
of heat required at the point of use.

Auxiliary
Energy Source

Storage consists of rocks about two inches in
diareter, contained 1n a concrete bin in a basement
area or nndaroronnd beneaath the buildina. The con-




Because the temperatures in rock storage are
typically highly stratified from inlet w0 outlet, the air
flow providing heat to storage should be from top to
bottom. This insures that the temperature of air
returning to the collector from the storage is a3 low
as possible, thereby increasing coilector efficiency
The air flow, when removing heat from storage.
should be in the opposite directon to Insure that ar
returning to the rooms s as warm as possibie

The hot air distributed to the rooms comes either
directty from the collectors or from storage The
duciing required to conduct the air tram the collec-
tors to storage is extensive when compared 1o
analogous piping requirements for hquid-coaled
collectors.  Two blowers are required to distribute
arr throughout the system.

Almost any type of auxiliary energy system may be
used in conjunction with a solar system. The aux-
iiary system may be completely separate or fully
integrated with the sclar heating/cool:ng system,
HMowever. in most cases it makes economic sense 10
integrate the back-up system with the solar sysiem.
This may mean running the distnbution componer
from heat storage to the occupied space through the
auxiliary system where an energy boost may be
supplied when storage temperatures are low, Hea.
from storage may also be used in comunction with
heat pumps, absorption units or rankine engines. The
heat pump. a device which transfers heat from one
temperature level 10 another by means of an elec-
rrically driven compresscr. utiizes the solar heat
available from storage to supply necessary heat to
the occupied space The advantage of the heat
pump/solar system integration is the reduction of
electrical energy required by the heat pump because
of heat supplied by solar storage. Also, the heat
pump s the most efficienmt device presently available
for extracting and transferring electricity inte heat.

Piping far the domestic hot wateris run through the
rock pile storage bin. As a result. the domestic
hot water is preheated before passing through a con-
ventional water heater, thus reducing the water
heater's energy requirgment.

Advantages of Warm-Air
Flat-Plate Systems

¢ Capital cost tends to be lower than a water
system of the same capacity.

# There is no problem with corrasian, rust, clogging
or freezing.

* Air leakage does not have the severe conse-
quences of waler leakage

» Domestic hot water supply 1s not subject o
contaminanon by leakage from heat storage. as
in the water sysiem

Disadvantages of Warm-Air
Flat-Plate Systems

* Ductwork risers occupy usable floor space and
must be aligned from floor ta fleor

& Air, having a lower thermal storage capacity than
water, requires correspondingly more energy 1o
transfer a given amount of heat from collector 1o
storage, and from storage to accupied spaces.

e Ajr collectors and storage may need frequent
cleaning 10 remove deposits of dust (filters may
salve this problem)

& Ajr systems require a much larger heat exchange
surface than hauid systems,

Representative Solar System Three:
Warm-Water Concentrating Systam

‘Solar systems with concentrating collectors have not

been extensively used for the provision of space
heating or coohng The absence of such equipment
from the market, the high cost and uncertain relia-
bility of tracking or concentrating equipment urder
freezing rain. 1ce or wind and snow condivons have
been the primary reasons for their imited use. How-
ever. they do offer advaniages over fiat-plate collec-
tors — pnmarity the generation of high tempera-
tures to operate heat driven cooling systems.

Representative solar system three unhizes a linear
concentrating callectar. The system s diagram-
med on the following page

Component Description and Opaeraticn

The collectar s a linear coacentrator with a glass-
enclosed pipe absorber. The collector captures
only direct radiation and is, therefore. {imited to
chmatic regions with considerable sunshine and
direct radiation in winter. However, where appl-
cable the linear concentrating collector ofters consi-
derable economies over flat-plate collectnrs since the
necessary absorber area 1s reduced and the assem-
bly is often simpler to construct.

The absorber pipe is a black metal tube within a
glass enclosure under vacuum to reduce convection
and radiation losses. Radiation is focused on the ab-
sorber by a trough-shaped reflectar surrounding the
pipe

Starage consists of a steel tank or a lined concrete
biock enclosure hiled with water. Again, the storage
unit should be insulated to minimize heat loss.

As with most all solar storage techniques. special
structural support will be required if the storage tank
is 1o be located in the dwelling.
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The distribution system is by heated water to base-
board conveciors. Heat is removed from storage by
liquid-to-hquid heat exchanger. The healed water

15 pumped 10 baseboard convectors located through-
out the building If sterage 1s below a preset mini-
mum temperature the pump conunues 1a operate
with a conventional ol or gas-fired furnace assist in
the liquid distnbution loop.

As shown i the sysiem diagram. collector fluid
transport 1s by means of a pump which causes the
fluid to flow through the absorber. and mto the
storage beat exchanger from which energy 1s
removed and transferred 1o storage The working
flid should Le a heat wransler medium which bas
excellent transport propertiges and a boiling point
abave the expecled operaung temperalure of the
collector

Domestic hot water piping 1 run through a heat
exchanger in storage. thus preheating the water,
before 1t proceeds 1o a convennhonal water heater
which also prowvides siprage The water heater may
or may not supply a boost to the water depend
Ing on Its temnerature

Advantages of Warm-Water
Conceantrating Systems

e Potential for more than double the temperatures
of either ar or water flat-plate colleciors {par-
ncularly useful for salar cooling)

* Total absorber area needed is substanhally smatler
than flat-plate collectors

v Collecior forms lend themselves tc mass produc
tion techniques

Disadvantages of Warm-\Water
Concentrating Systems

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

* Concentrating collectors may present problems of
operation, reflecung surface durabiity, and struc-
tural mounting.

* Leakage at flexible absorber connmecuons may
present possible problems

¢ Climauc applicability for winter space heating 1s
lirmited
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Schematic Diagram of Warm-Water

Concentrating System

Living Space

Controls

Distribution
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Hot Water

Auxiliary
Energy Source

Storage



Representative Solar System Four:
Warm-Air Passive System

The passive system described here 15 one possible
concept among many. it makes use of edensive
south-facing glazing with an intermediate collec-
tion/storage wall between the glazing and 1he occu-
ped space 1t relies in part on the thermnsyphoning
principles discussed earher Diagrammancally. the
passive system can be represented as illustraied.

Component Description and Operation

The passive coltectot. made up of 3 massive south
facing wall ol enher concrele or Masoniy separa:
ted by an an space from an outer wall of glass. cap-
tures dwect. difftuse and reflecied solar radianon
With the use of auvtomatc or manually operated
dampers and vents, the system may operate in four

mades

1 nawral ventlauon - no collectign 'I
2 house heating trom collector

3 storage heating from collector

4 house heatng from collecior and siprage Collector

When no collection or heat distnibution 15 required
the vents armgd dampers may be opened to provide
natlural ventilation and reimoval of heatl stnking the
collector The space may be heated directly from
the coilector by closing the storage vent duct, thus
forcing the heated ar into the occupled space Once
sufficient heat has been transferred 10 the space, the
storage vent may be openad and heated ar fram the
callector ransmitted te storage. I heat 1s required
at a later time, the storage veni may be opened to
allow stored heat to enter the occupied space

Transport

Schematic Diagram of Warm-Air

Passive Systam

The system employs several storage concepls. The
exposed masonry wall which the radiation strikes
acts as & slorage etement. The warmed masonry
surface transmits coliected heat to the occupied
space by radiation. The second siprage element 1s a
rock pile lecated beneath the occupied space insula-

Fan

Living Space
SRR J Domaestic
Hot Water
Y
A > T
torag

>
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tion is placed between the rock pile and floor surface
1o avoid overheating the space. Water or contain-
erized salts could have also been used as the
storage medium.

Heat is distributed to the occupied spaces from the
collector or storage component. Ducting 15 required
to transport the heated air from the collector to
storage, and a2 small fan may be necessary 1o cir-
culate this air. Heat is distributed to the space by
convection from the collector and/or storage, by
radiation from the coltector and surrounding sur-
faces. and to a small degree, by conduction from the
collector and surrounding surfaces.

Domestic water heating is not directly integrated n
the solar space heating system. However. a storage
tank or the domestic hot water piping may be ptaced
in the rock pile storage 10 preheat the water before it
passes through a conventional electric or gas water
heater.
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Advantages of Warm-Air
Passive Systems

* A system with electrical controls can be designed
10 operate manually in a power failure,

* Cost should be ieduced through simpler techno-
logy and elimination of a separate collector.

* Collector serves muitiple functions (i.e.., can be a
wall ar roof).

Disadvantages of Warm-Air
Passive Systems

* May not be cost effactive relative to warm air ar
water flat plate collector systams,

® [n many cases, require automatic or manuval
insulating devices which are expensive and may
require hfe style modification.

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

* In some chmates and for some passive systems
low winter sun angles may be disiurbing to the
occupants.

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

® Potenually large nightume thermal losses from
collectar « not properly insulated



SOLAR DWELLING DESIGN:
INFLUENCING FACTORS

For thousands of years man has intuitively designed
his dwellings to make use of the sun’s energy
However, 1t has only been within the last 40 years
that a concerted effort has been undertaken to scien-
uficatly develop and apply solar energy principies 10
building design. Dunng the historical survey of solar
dwellings presented in Chapter One and the discus-
sion of solar components and systems presented in
Chapter Two. many different solar heatng and cool-
ing concepts have been discussed and illustraled
What needs to be done at this point is to explain
brefly the terminology and principles of solar dwell-
ing design In this chapter. the major factors influen-
cing solar dwelling ana system design will be 1den-
tified.

Solar heating and cooling systems are substantially
different from conventional systems, the majaor
difference being the use of solar radiation as a fuel
source. requiring a large collection and storage area
not associated with conventional systems. As a con-
sequence, a necessarily major portion of the solar
system is exposed. It cannot be easily hidden. nor
should it be. Rather. the exposed components of a
solar system should be integrated with the architec-
tural design to enhance the overall appearance of
the dwelling.

.~ ¢/ |
SOLAR DESIGN FACTORS

Soifar building design is inextricably related t0 a
number of critical factors which individually and

wgether nfluence the resultant architectural expres-
sion. There are those factors which affect the
realistic opportunity for the utihzation of solar heating
and cooling systems, and there are those 1Ssues
which affect the physical capabiity of designing and
constructing dwellings and solar systems. The lirst
category relates to considerations which may «mpede
or accelerate the use of solar energy systems. while
the second includes considerabons which will n-
fluence the physical design of the dwelling and solar
systemn Listed below are Lhe major factors in each
category.

Opportunity Factors

®* Logal — such as bwlding codes or zoning
ordinances.

* Economic — cost effectivenass of solar heatng
and cooling.

* Institutional — such as lender’s attitudes towards
solar energy.

# Socioiogical — such as a society’'s energy and
environmental attitudes.

® Pgychologica! — such as an indwidual’s expec-
tations.

Physical Factors

s Climate — sun. w:nd. temperature . humidity.

s Comfort — such as an occupant’'s comfort zone.

& Building characteristics -— the thermal behavior
of buildings.

® Solar system — collector, storage and distnibu-
tion component ntegration.

» Site conditions — such as topography. ground
cover and vegetation.
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The nterretationship of these and other factors will
ultimately affect the design of solar heated/cocled
buildings. This chapter addresses the fust four
physical design factors while site planning fer solar
energy utilization is discussed separately in Cnapter
Four. While oppartunity factors are of cnincal impor-
tance, they are not directly addressed in this docu-
ment.

AN /A
CLIMATE: THE GIVEN CONDITIONS

Sun, wind, femperaturé, humidity and many other
factors shape the climate of the earth Basic 1o using
the sun for heating and cooling i5 understanding the
relationship of sun and climate. What are the ele-
ments of climate? How do they affect solar dwelling
design for a specilic site or climate?

Globai climauc lactors such as solar radiation at the
Earth’s surface. nult of the Earth’s axis. arr movement,
and the influence of topography determine the
climauc make-up of any area on Earth. These factors
will determine the wemperature, humidity. solar radia-
tion. air movement, wind and sky conditions for any
specific locatvon. Regional patterns of climate will
ermurge from a commonality among these climatc
influences. Local climates are additionally influenced
by site topography. ground surface, and three dimen-
sional oblects. The sum twtal of the above climatic
lactors will determine the need for and the design of

solar dwelings and sites. In essence. climate is the 350

given condivon within which solar dweilings are
designed.

Definition of Climate

Climate (frorn Greek Kiima) s defined by the Webster
dictionary as “the average course or condition of the
weather at a place over a period of years . . " Since
weather is the momentary state of the atmospheric
environment {temperature. wind velocity, and precip-
itation} at a partcular location, climate could te
defined as the sum tatal of all the weather that oc-
curs at any place. Like the weather. climates are
directed by the sun and are influenced by all the
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physical conditions of the eznh -— the nearness of
an ocean. the presence or absence of a mountain.
prevailing wingds. and so on The climales of par-
ucular localities are comparativety constant. and
despite pronounced and rapid changos, have an in-
herent character of weather patterns that repeat
themselves time and again. Cold days occasionally
occur 1in hot climates. and hot days are not unknewn
in cold chmates; dry climates often have rainy
periods. and wet ones extended penods of drought.
Even so, every place on the face of the earth over an
extended penod of time exhibits its peculiar com-
bination of heat and cold. ran and sunshine

In response 10 these differing climauc condinons,
housing styles in one area of the country have dev-
eloped which are substantialiv diffierent than those
found in other areas. This same differentianon will
be particularly true for-dwellings heated and/or
cooled by the sun

Elements of Climate
The Earih's chmate is shaped by thermal ang

gravitational forces Regional pressure. temperature,
and topographical differences nfluence the chmauc

conditions on a continemal scale The conditions of
weather which shane and define local and regiona!
chrmates are called the elements of chimate The five
major elements of climate are temperature. humidity.
precipitation. air movement. and solar radiation Ad-
dimonally. sky condition. vegetanion, and special
meteorological even's are also considered elements
of climate

A designer or buillder is pnimanty inlerested i the

elements of chimate which affect human comfort and
the design and use of buldings This 15 especially

true 1if the building 1s 1o be powered by solar energy

The informaticn a designer would like 10 know in-

cludes averages. changes. and extremes of tempera-
ture, the temperature differences between day and

night (diurnal range). hurmidity, amount and type of
incoming and outgoing radiation, directicn and farce
of ar movements, snowfall and its distribution, sky
conditions and special conditions such as hurricane
hail. or thunderstorm occurrence

Climate data :s gathered tor each of these eiements
at arports and metecrological stations by the
Nauonal Weather Service The information 15 general
ly noi collected specihically for use by builders or
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designers, and may omit data relevant 10 solar
buiiding design. Therefore, it 1s often necessary to
supplement published data with information obtained
directly from the meteoralogical station. In many
cases. however. the most frequently used climanc
data 15 organized into helpful design manuals® The
use of these climatic design tocls ehimunates the
need for painstaking analysis of unedited climatic
data. The carcful analysis of chimatic elements will
identify the local climanc features which are poten-
tially beneficial or detrimental to human comfort and

seglar dwelling and gite degign

Climatic Regions of the United States

A commonabty of climatc condinons within a
geographic area will constitute a chmang regon or
zone. A numbper of systems have been proposed for
classifying climatic regions wathin the United States ®
For purposes of discussing the vanation n solar
dwelling and system design which result because of
different climatic conditions. only a broad descrip-
uon of cimates of the Unned Siates is required
W. Koppen's classifica’ion of chimates. based upon
vegelaton. has been the basis of numerous studies
about housing design and climate® Using this
criterion, four broad <limatic zenes are to be found
in the United States: coql, temperate, hot-and,

and hot-humig. The areas of the United States which
exhibit the general characteristics associated with
each zone are shown below The boundary between
regions 1S not as abrupt as indicated. Each different
climatic region merges gradually and almost invisibly
1o the next gne.

The climaric characteristics of each region are not
uniform, They may vary both between and within
regions. In fact. it is not unusual for one region 10
exhibit at one time or another the characternsucs
associated with every other climatic region. However,
each region has an inherent character of weather
patterns that distinguishes it from the others. A brief
description of the four climatic zones will identify the
general conditions ¢ which solar dwelling and site
designs in those regions must be responsive The
vanation in dwelling and solar systerm gesign,
because of these climatic differences will become

apparent 1n Chapters Four, Five, and Six where
numerous site and dweliing concepts will be
rresanted.

Cool regions: A wide range of temperature is
cnaracteristic of cool regrons. Temperatures of mines
30° F{-34 4°C}to plus 100° F (37 8°C) have been
recorded. Hot summers and coid winters. with per-
sistent winds year rounc, generally out of the NW
and SE, are the primary idenufiable traits of coo!
reqions Also. the narthern locauon most often
agsacizted with cool climates receives less solar

radiation then soJthern locauons

Temperate regions: An equal distnbunon of
overheated and underheated pencds s charactensuc
of temperate regions. Seasonal winds from the NW
and S along with penods of high humidity and large
amounts of precipitation are commaon frans of
temperate regions ntermittant penods of clear sun
ny days are fallowed by exiended penods of cloudy
overcasl days

TEMPERATE

HOT-ARID

HOT-HUMID

Hot-arid regions: Hot-and regions are
characierized by clear sky. dryv atimosphere, extended
periods of overheating. and large diurnal emperalure
range. Wind directior: s generally along an E-W axis
with vanations between day and evening

Hot-humid regions: High temperature and con-
siIstent vapor pressure are charactensuc of hot-humsd
regons Wind velocites and direction vary
throughout the year and throughout the day Wind
velocites of up 10 120 mph may accompany

hurncanes which can he evpacted from E.5E direc-

nons
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Climate and Solar Dwelling Design

Although numerous atmospheric and surface con-
ditions shape the Earth’s climate, there are four
elerments of climate which are particularly important
for solar dwelling and sysiemn design. These are solar
radiation, air temperature, humidity, and air move-
ment. Each of these climatic elements will impose
specific design conditions o which the dwelling, site
and solar system should be responsive. In some
cases, protection of the building and solar system
from excessive climatic exposure will be of the
primary concern while in gthers it will be t¢ max-
imize climatic impact. Regardless of the arez of the
country, a caretul analysis of these elements should
be undertaken before detailed dwelling or solar
system design.

Solar Radiation

The sun provides the Earth with almost all of its
energy. in the form of radation. Solar radiation is
electromagnetic radiation wansmitted in wavelengths
which vary from .29 microns 10 3 microns in length
{one micron equals one thousandth of a millimeter).
VHE and other radic waves are familiar examples of
infrared or long wave radiation; x-rays, gamma-rays
from radipactive substances, and COSMmic rays are ex-
amples of ultraviolet or short wave radiation. The
human eye perceives radiation in the region between
uliraviolet and infrared, specifically between 0.36
and 0.76 microns, as visible light. Visible light is
therefore only a part of solar radiation. Salar radia-
tion and light should not be confused with each
other. Recognition of this difference is of critical im-
portance for the design of solar dwellings and
systems since collector designs and building
materials will respond difterently to solar radiation.

Solar Constant

The intensity of radiation reaching the upper surface
of the atmosphere is taken as the solar constant.
The sclar constant may actually vary + 2 percent
due to variations in the sun's energy output and

T 3.6 percent due to changes in distance between
the earth and sun. The solar canstant {on a plane
perpendicular to the sun's rays) equals 429.2 Bw's”
per square foot per hour, or 1,353 waus per

square meter (w/mi},

The radiation which finally arrives at the earth’s sur-
face — called insolation — s less than the solar
canstant and arrives in either direct {parallel} rays or
diffuse (non-directional} rays. The solar radiation
reaching a building includes not only direct and dif-
fuse rays but also radiation reflected from adjacent
ground or building surfaces. 1t is these three sources
of solar radiation which may be used 10 heat and
cool buildings.

insolation

The insolation at a particular point on the earth 1s
atfected by several factors. The angle at which solar
radiation strikes the earth’s surface changes because
of the earth’s curvature and the ult of its axis.
Consequenily, the radiation received per unit area
perpendicular to the incoming radiation is greater
than that received per unit arga on a horizontal sur-
face. It is for this reason that solar collectors are
generaily placed on an angle. Radiation reaching the
earth’s surface is also affected by the condivon of
the atmosphere: its purity, vapor. dust and smoke
content. Radiation 15 absorbed and scattered by
ozone vapors and dust partictes in the atmosphere.
The lower the solar altitude angle, the longer the
path of radiation through the atmosphere, thus,
reducing the amount reaching the earth’'s surface.
Another obvious factor which effects the amount of
radiation siriking a particular location will be the
length ot the daylight period, which is dependent on
the day of the year.

Each area of the earth will be affected differemly by
these faclors. The percentage of direct and diffuse in-

* B (British thermal unit} 1s the amauat of energy
necessary to increase the temperature of one pound of
water one degree faheenheit,

solation at a particular ocation wil! vary as a result of
these medidying factors. The figure on page 41maps
the average solar radiation on a3 horizontal surface
striking the United States in Langleys” per day

Tilt of the Earth’s Axis

The earth rotates around its own axis, one complets
rotation in 24 hours or ane day. The axis of this
rotation {the line joining the North and South Poles)
is tilted at an angle 23 5°degress 10 the plane of the
earth’s orbit and the direction of this axis 1s con-
stant.

Maximum intensity of solar rachation is received on a
plane normal, that is perpendicular, to the direction
of radiation The equatoral regions of the earth.
which are closest 1o the direction of solar radiation,
would always receive maximum radiation if the axis
of the earth were perpendicular to the glane of the
arbit. However, due 1o the tilt of the earth's axis, the
area recewing the maxmum solar radiation moves
north and south, between the Tropic of Cancer
{lattude 23 5N) and the Tropic ot Capricorn {latiude
23568} This is the primary cause of seasonal
changes.

Atmospheric Conditions

The momentary and long term state of the atmos-
phere has considerable effect on the type and
amount of insolaton at the earth’'s surface. Clouds
will reflect a considerable portion of incoeming radia-
tion back into outer space while water droplets, dust,
smoke, or other particulate matter will absorb . or
scatter solar radiation. Even dunng clear sky con-
ditions as much as 10 percent of the total insolation
may arrive as diffuse. scattered solar radiation. The
insolation at the eanh's surfece is greatly reduced
during cloudy weather and most of the radiation that
gets through is diffuse sky radiation

* One Langley 15 equivatent to one caloriz of radration
energy per square centimegter. One Langley equals 3.689
Btu per square font {Buw/ft? ).
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1. SOLAR CONSTANT
THERE 1S A NEARLY CONSTANT AMCOUNT OF
SOLAR ENERGY STRIKING THE OUTER
ATMOSPHERE — 429 BTU PER S F. PER HOUR
— AND THIS QUANTITY 1S KNCWN AS THE
SOLAR CONSTANT.
NOTE:
You cannoi increasc the ainount of salar energy
stnking a collector of a given size by focusing You
may increase the collector's efficency. or the
termperature of the working fluid.

2. COSINE LAW — HORIZONTAL SURFACE
LESS SOLAR RADIATION STRIKES A GIVEN
HORIZONTAL AREA AS THE SUN GETS LOWER IN
THE SKY. THE AMOUNT CHANGES BY THE COSINE
OF THE ANGLE, MEASURED FROM DIRECTLY
OVERHEAD.

\
AN

1

1

1

:
3. COSINE LAW — TILTED SURFACE
THE SAME LAW APPLIES TO A TILTED SURFACE.
SUCH AS A SOLAR COLLECTOR. 8Y TILTING THE
COLLECTOR SO IHAT 1T 1S MORE NEARLY
PERPENDICULAR TO THE SUN, MORE ENERGY
STRIKES ITS SURFACE.

)
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4. ABSORPTION AND REFLECTION
NEARLY HALF THE SOLAR RADIATION ENTERING
THE EARTH'S ATMOSPHERE IS LOST THROUGH

ABSORPTION BY MATERIAL IN THE ATMOSPHERE.

OR BY REFLECTION FROM CLOUDS.

5. LENGTH OF TRAVEL THROUGH THE
ATMOSPHERE
MORE SOLAR RADIATION IS LOST BY ABSORPTION
AT LOW SUN ANGLES BECAUSE THE LENGTH OF
TRAVEL THROUGH THE ATMOSPHERE IS GREATLY
INCREASED (THAT I3 WHY YOU CAN LOOK
DIRECTLY AT THE SUN AT SUNSET ) HIGH
ALTITUDES HAVE MORE SOLAR RADIATION FOR
THE SAME REASON.

6. DIFFUSE RADIATION

CLOUDS AND PARTICLES IN THE ATMOSPHERE
NOT ONLY REFLECT AND ABSORB SOLAR ENERGY.
BUT SCATTER IT IN ALL DIRECTIONS BECAUSE OF
THIS. SOLAR ENERGY {S RECEIVED FROM ALL
PARTS OF THE SKY — MORE 50 ON HAZY DAYS
THAN ON CLEAR DAYS SUCH RADIATION iS
CALLED DIFFUSE. AS OPPOSED TO THE NORMAL
DIRECT RADIATION.
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NORTH POLE

MARCH 21 DIAGRAM OF THE EARTH 'S PATH
SPRING EQUINOX

The earth tlts 23 5° refatve 1o the plane of 1s orbit
around the sun Solstices and equinoxes shown are for
1he northern hemisphere

235 TILT L]

DECEMBER 21
WINTER SOLSTICE

JUNE 21
SUMMER SOLSTICE

SEPTEMBER 21
FALL EQUINOX

WHAT THE SUN "SEES’

The- & shows the labiude at which the sun would be
directly overhead

ARCTIC CIRCLE NORTH POLE

TROPIC OF CANCER
Lat. 23 65° N)

EQUATOR

TROPIC OF CAPRICORN
{Lat 235°5))

ANTARCTIC CIRCLE

SOUTH POLE

MARCH 21 JUNE 21 SEPTEMBER 21 DECEMBER 21




SUMMER
SOLSTICE

9am JUN 21

. 40
WINTER ™~

SOLSTICE
SOUTH

VIEW FROM EAST

9am JUN 21

If the sun’s path were traced on a spherical vault PLAN VIEW
overhead. the resuli would look like this. as seen from
the east side and from the top Each day's path
describes a circle around an axs pointing toward the
Narth Pole, the axis being tilted trom the horizon by the
latitude angle. in this case 40°
L
N &
. S
Another way of plotting the same information is a Mer- %0\' coo‘-'
cator sky map. showing the sun’s path on an equidis- Q‘ $0+ >
1ant rectangular grid of azimuth and elevanon. . 0@\“
1))
SamJUN 21 10
™ 9 10
7 ° °
T @ 8 10 : ]
£ 7, PN - TR 3,

0°

A Sun Path Diagram, such as this one for {atitude 40
North, s an equidistant circular graphic “map™ of the
azimuth icompass direcuon} and elevation {angie from
the honizon) of the sun at all hours of the day for each
day of the year
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Air Temperature

Temperature is not a physical quantity. Rathsr, it can
be thought of as a symptom or as the outward
appearance of the thermai state of a substance. For
instance. if energy is conveyed to a substance — the
human body for example — the molecular move-
ment within the body is ingreased and it appears to
be warmer. If this molecular movement spreads from
the body 1o olher substances — 1o air for instance
— s intensity within the bocdy decreases and the
body appears to be cooling. This principle applies 1o
all substances — lving or inammate. As such. air
temperature measured in degrees Fahrenhest (° F) or
degrees Celuus (° C} 1= considered the basic deter-
minant of heat loss or gain of a substance such as
the human body or a building.

Degrea Day Concept

An analysis of selecteu temperature differences (de-
sign candiians) between the nenor and axtenor of
a building will establish the heatng and cooling load
of tha biildian Tha ralavizsshis of the outdoor arr
temperature 1o a building's heating and cooling load
has led 1o the concept of a “degree day” lor predic-
tng the energy consumpuon of a bulding The
degree day concept 1< parucularly useful for relating
the energy load of a building to the amount of solar
energy avallable 1o satsfy this load.

“Healing degree days” arc the number of degrees
that the daily mean temperature 1s below 65° F A
day with an average temperature of 45° £ has 20
heating degree days (65-45 = 20}, while one with
an average temperature of 65° F or more has no
heating degree days. A similar degree day concem
nas been recently developed for cooling. As with the
heatnng degree day. the point of departure for a
“cooling degree day” is B5° F, so that a mean daily
temperatre of 85° F would result in 20 cooling
degree days {85-65 = 20}

The relationship between degree days and residential
fuel consumption is hnear For example. a doubling
of the degree days doubles the energy requirement
However. dewvianon from the degree day nurm of
65° F or the design of an energy conserving
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building will suSstanually aiter the energy require-
ment of the building and thereby change the linearity
of the degree day/energy censumption relaugnship
It remains, however. a useful concep! for relating the
overall need for heating and cooling of a particular
area with the amount of solar radiation available for
use. By plotting dagree days per month and insola-
tion on a honzontal surface per month simultanegus-
ty. illustrated n the figures beiow. s possible 1o
derive a "figure of merit” which indicates. 1n general
terms, a relative feasibility for sotar systems in
vanous parts of the country The higure of ment 15 a
qualitative descrption and takes finto account only
chimatc dats Other factors such as solar systermn per-
formance. furcuonal characteristics, cosi. and socio-
economic condiions must be exarmuned and 1raded.
off agamnst chmanc conditons befcrs a realistic an
oraisal ol solar heating or cooling 15 possible

Air Temperature Patterns

Patterns of ar ie.mperalure are aiso important lor
solar dwelling and system design The fluctuation of
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b COOLING DEGREE DAYS®
-3 2000-  1000-

3Ly BTU/FTZ 4000 2000 0-1000
- 1845-

2600650 2399 i 2 3
& 1661-

= 450-600 1845 4 5 6
S 450 1661 7 8 9

REGIONAL CLIMATIC CLASSIFICATION FQR THE
COOLING SEASON {MAY-QCTOBER)

ir lemperature thivughout the year and during
regular day-mght cycles wll estabbsh critena for
system design Regular day-might cycles are impor-
tant for systems dependent on thermal inerta for
heaung or cooling Convective and radiatve cooling
both require appreciable day-night temperature
differences 10 luncuon effectively Simularly, collector
size and storage capacity will be influenced by
patterns of arr temperature assoc:ated with changing
weather condintons There will be constant patterns
of ar temperature throughout the year ntermixed
with oscillations resulting from unexpecied weather
cond:ions, solar systems are usually designed far
the former and not the latter condions In general,
patierns of air iemperature and weather wilt be more
uselul 1o sysiem design than averages because they
take intn Account vanations in condions which may
cluster for several days

Humidity

The humdny of 1the air can be descnbed in two
ways absolute humidiy and relabve hurmidity

HEATING DEGHEE DAY

MEAN DAILY SOLAR RACIATION

2500- 5000-
LY BTU/FTZ 02500 5000 8900
350- 1292-
450 1661 1 2 3
250- 923-
350 1202 4 5 6
175- 646-
250 923 7 8 9

REGIONAL CLIMATIC CLASSIFICATION FOR THE
HEATING SEASON {NOVEMBER-APRIL)

TRW, PHASE O STUDY, “SCLAR HEATING AND COCOLING OF BUILRINGS,” NATIONAL SCIENCE FOUNDATION 1974
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Absolute Pumidity i5 the amount of moisture
actally present in a unit mass or unit volume of air.
The amount of moisture the air can nold is depzan-
dent on its temperature. Relative humidity (rh)

is the ratio of the actual amount of maiswure

. the ar {absolute humidity) to the amount of
-r.nsture the air could hold at a given temperature.
Reiatve humidity is the more useful of the two quan-
tities because it gives a direct indication of evapora-
tion pueni,al This information becomes crucial for
maitstaining ndoor gccupant comiort and for design-
ng solar co.ling systems which utilize evaporative
=goling techniques.

Aumidity. per se. has no meaning as an environ-
menic! index without knowledge of the accom-
panyin, dry-bulb air temperature.®* High humidity at
low dry-bulb temperatures has a negligible affect on
human cornfort; air temperature will be the gover-
ning izztne for dwelling and solar system design un-
der these conditions. When relative humdities of 60
percen: or mare are accempanied by dry-bulb
termperatura. above 65° F {(18° C) conditions un-
favorable to human comiort are likely to occur,
thereby requiring natural or mechanical relief or cur-
tailment of activities

The total heat comtent of air during conditions of
high humidity and high temperature is substantially
larger than during periods of low humidity and high
temperatures. Cooling is the most effective method
of restoring comicrt. This can be accomplished by
natural ventilation or mechanical cooling. Under cer-
tain conditions, it is not desirable or feas'ble to
restore comfort by natural air movement alone and
mechanical equipment will be needed. Solar cooling
should be considered if conditions of high hurnidity
and high temperatures are prevalent during a large
percentage of the year. In general. humidity is not a
problem in low temperature {winter) conditions, but
is primarily an issue during high temperature
{(summer} conditions. Dwelling and solar systern
design for areas experiencing high temperature and
high humidity will require special attention 1o air

movement and perhaps the use of solar cooling "~

systems.

* Dry-bulb temperature is the index of cold or warmth as
determined by a simple dry-buib thermometer.

Areas where cocling 18 the primary design conds-
nan and the humidity 15 low can make use of noctur-
nal cooling. Evaporation facilitated by the low
humidity is the pnmary process of nocturnal cooling.
Convecuon ang radiation will also play a part »f night
time temperatures are low, winds constant and skes
ctear. The cooling medium — usually water -— loses
moaisture durnng the evening. thereby coaling the
water which is stored for daybme or continuous use

Air Movement

Arr movernent is measured in terms of wind velocity
and direction The wind in a particular locauon may
be useful for naiural ventilation at certain umes of
the year. and detrimental 10 the thermal performance
of a building or solar collector at other times
Consequently. air movement in and around the
buiiding and site becomes an important considera-
tion for dwelling and solar system design.

Summer winds, if properly directed by the natural
topography of site design and captured by the dwell-
ing, can substantially reduce or zliminate the need
for a mechanical cooling system. This will be
particularly helpful in areas where the cooling re-
guirement is small and the cost effectiveness of solar
cooling unlikely. Solar cooling at present is quite ex-
pensive and by eliminating the need for i, significant
benefits will be achieved in terms of cosi.
maintenance, and operation.

Winter winds, on the other hand. can be quite
detrimental 1o the thermal behavior of the dwelling
or solar system. Cold winds will increase the sur-
face conductance of the dwelling's exterior walls,
thereby increasing its heat loss. A dwelling's heat
loss can be reduced by the carefu! selection and
combination of buitding materials, an attention to the
shape and position of the dwelling on the site. and
the location of landscaping around the building. A
similar heat loss condition will exist for solar collec-
tors. Cold winds biowing across the transparent face
of the collector will increase convective heat losses.
A single layer of glass or plastic=# some" instances
may not reduce heat losses to an acceptable level.
When this occurs, two or more transparent surfaces

may be desirable. Algso, lancscapirfg or other devices
can be used 16 reduce wind sthking the collector so
long as solar radiation collecton 15 not impairec.

Wind can become an issue in snowfall areas whiere
drifung 15 likely or i high wind areas where ac-
dinonal structural support of large collectors may be
necessary. Solar dwethngs should be designed to
reduce the onfting of snow on or in front of the solar
collector. Special consideration s also required to
assure that adeguate wind support of the collector
and cover plates is provided in high wind areas. This
is partcularly true for Jarge free-standing or saw-
woth collecior anangements. Pressure differences
caused by ar movement around the building can
aiso result in collector and cover plate instability.

Solar Design Determinants - Climate

The following 1s the first of four sections, one for
climate and for each of the next three design factors,
which reiterates the maior issues atfecting solar
dwelling and site design discussed during the sec-
tion The design determinants are presented in a
much abbrewiated form. The purpose is to present
just ihose issues which are very important to solar
dwelling and site design. The site and dwelling con-
cepts presented mn Chapters Four through Six il-
lustrate how the application of the solar design
determinants influence dwelling and site design.

The climatic factors which influence the design of
solar dwellings and systems inciude:

* Type of solar radiation reaching the site —
direct. diffuse. reflected — and percentage of
each at time of maximum energy demand.

®» Geographic location of the site — tilt of the
earth’'s axis afters the relationship of sun to site
throughout the year. Therefore. dwelling, site,
and solar system should be designed 10
accommuodate variations in sun angle to assure
proper exposure to solar radiation.

# Capture the full spectrum of solar radiation from
ultraviolet to infrared — dependent on colflector
design and matenals.
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¢ Heating or cooling load of the dwelling —
expressed in hourly and daily units — mean or
average long-term loads expressed in weekly or
monthly units.

* Numerous regionai, local. and site climate
anomalies which could be potentially beneficial
c: detnmental to dwelling or solar system
performance -—— dwelling and solar collector
should be shielded from potentially detrimental
winds {cold winds increase heat loss, lowers

collector efficiency) or metecrological events {nail,

snowstorms, tornadoes may necessitate special
protective devices or precautions). Coriversely,
propar exposure of the dwelling and solar
coilector to sun and wind will temper indoor
climate and reduce demand on or need for
heating and cooling systems.

Climate — the given conditions — is a primary
factor shaping the design of buildings and sites for
the utilization of solar energy for heaung and cool-
ing. Additionally, demand for heat..-g and cooling can
be reduced by properly exposing 10 ard/or shiziding
the building from those climatic elements which may
be heneficial or detrimentai to a building’s thermal per-
formance.
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COMFORT: THE DESIRABLE CONDITIONS

Chmate effects man beth physically and emotionally
and is therefore a factor of considerable importance
in building design. A designer's major task 1s to
create the best possible environment indoor as wall
as outdoor) for the occupants’ activities. The chal-
lenge of the designer 15 10 provide total human <om-
fort. which may be defined as the sensatan of com-
plete physical and menta! well-being.

Air temperature, humidity. radiation, and air move-
ment all affect human comfort, and must be con-
sidered simuitanzously if an acceptable residential
indogr environment 1S to be provided. These factors
must be considered whether or not the huilding
being desigred is heated or cooled by sola. energy
or fossil luels.

To effectively design dwellings for human comfort, 1t
iIs necessary to understand the basic thermal
processes of the body. How the body generates and
loses heat is crucial for 1dentifying an occupant com-
fort zone and for designing heating, cooling and
humidity control systems. Two complementary ap-
proaches or the provision of human thermal comfort
have developed. One seeks 10 maintain thermal con-
ditions within an established comfort zone while the
other attempis to modify the comfort zone. Bath ap-
proaches are used during solar dwelling design.

Human comfort takes on added importance for solar
dwellings, which are either totally or partially depen-
dent an the sun for their energy ngeds. The manner
in which solar energy is collected. stored, and dis-
tributed can greatly affect the comfort of the dwell-
ing cccupants.

The Body's Heat Production

The body is continuously producing heat. Everyday
activities such as sleeping, walking, working, and
playing are all heat producing. The entire portion of
the body's energy reguirement is supplied by the
consumption and digestion of food. The process of
transforming foodstulf into usable energy is called

metabclism Of all the energy generated by the
metabolic process, the body uses only 20 percemt
and the remaming 80 percent must be lost 1o the
envircnment

The Body's Heat Loss

Body temperature. as conirasted to skir: temperature.
must be maintained at 38.6°F (37°C) for the body
to adequately perform ws functhons. Tg maintain this
constant temperafure balance. all surptus heat must
be dissipated to the environment. Hzat gained from
the environment. solar radiation for example. must
also be dissipated

The body loses approximately 80 percent of its heat
10 the environment by conjection and radiation The
remaining 20 percent of the body's surptus heat is
inst by evaporation with a very small percentage of
heat by conduction.

The Body's Heat Balance

The sum total of the body's hear gain and loss
should at all umes equal zero — a constant body
temparature of 98.6" F or 37" C. If the body's heat
gain is more than its corresponding heat 1oss. an
uncomfaeriable feeling will occur and sweating will
begin. Likewise. if the body's heat loss is more than
its heat gain. body temperature will drop and shiver-
ing will occur.

The body has numerous regulatory mechanisms to
maintain a constant temperature. Blood circulation

may increase or decrease, sweal glands may open
or close, and shivering may begin to raise the body’s
temperature. AlSo. continuous exposure 10 similar

climatic conditions, called accliniatization, can cause
a change in the basal metabolism process. an in-

creased sweat rate, or a change in quantity of blood.
It is not surprising. therefore, to learn that Eskimos
prefer cooter temperatures than equatorial Africans,

Heat Loss in Various Thermal Environments

Like climatic regions human comfort is shaped by
four major factors: ait temperawre, humidity, air
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mavement, and radiation Accordingly. the heat
exchange process between the human body and ns
environmeni may be aided or impeded by these
clismatic varables. For example. convective heat loss
is severely impeded by high air temperatures, and
avancrative heat loss may be simulianeously re-
stricted by high humidity, Diffetent regions will have
different daminant climatic features which will affect
human comfort. Indoor comiort in hot-hurmid
climates, for example, is very much dependent on In-
ternal air flow and temperature to control humid
condiions. To eifecuvely design cornfortable indoor
environments, the relationship of outdoor climatic
conditions to indoor activities and 1o thermai con-
trols must be properly balanced.

Subjective Variables

The four climatic variablas previously discussed are
the primary determinants of hurnan cornfort or dis-
comfort. A number of subjective or individual {actors,
however. will influence thermal preferences. These
include one’s ciothing. age. sex. body shape, state of
health and skin color. Additionally, there are psy-
cholngical and sociological variables which will in-
fluence thermal comforl. Whether one is happy or
sad, active or confined. alone cr in a group will in-
fluence thermal preferences.

Thermal Comfort Scale

An assassment of the impact of local climate on the
body’s heat dissipation procass is impartant in pro-
viding @ comforntable indoor environment. However,
to do 50, four independent climatic variables must be
assessed simultaneously (temperature. humidity,
radiation and air movememt). The difficulty of this
task has led to the development of "'thermal indices”
or “comfort scales” which combine the effacts of
these four variables.

A “comfort scale” therefore is the composite of the
interactions between climatic variables. Through
observation and measurement in the laboratory, the
characteristics of human comfert {comfort zone) have
been identified and may be compared to local
climatic conditions, thereby defining the need for and
the type of thermal controis.

Comfort Zone

The comfort zone 1s established by analyzing the
relationship between air temperature and three
climatic variables: mean radiant temperature ithe
temperature of the surrounding surfaces). humidity.
angd air velocity

The analysis will establish the range of thermal con-
ditions {comfort zone} over which the majonty of
adults feels comifortable. The comfort zone 1s, at
best, an imprecize approximaten of human thermal
comfort, realizing the many varations due to human
preferences. physiologica®™and psychological charac-
1tenistics, and the nature of the acuvity being per-
formed. However. it does provide the designer and
builder with & “ball park” estimate of human thermal
cornfort by which opuidoor climatic conditions of a
locale may be evaluated so that appropnate methods
of achievirg a comfortable indoor chmate are
chosen.

Providing Human Comfort

There are two ways of 'ocking at the provision of
human comfort. The: irst involves establishing a
comiort zone based upon the occupants thermal
nreferences and proposed activities and comparnng
this comfort zone 1o existing or anticipated climatic
conditions. In this manner, the appropriate methods
tor returning the climatic conditions to within the
comfort zone will be established. The second view-
point accepts the existing or anticipated climatic
conditions as given, and identifies methods of alter-
ing the comfort zone to be compatible with the
climate. The two viewpoirns of providing human
comfort are diagramed on the following page.

The far left diagram ilustrates the first viewpoint.
Given an occupant comfort zone, what can be done
to bring a parcel of air with a known temperature
and humidity from outside the zone to inside the
zaone? Five simple diagrams in circles are shown
with shading on areas outside the zone. Each area
of the shading corresponds to the state of air that
can be brought into the cornfort zone by a given
method {(heating. evaporative cooling, air con-
ditioning. dehumidification and humidification). The

second viewpoint 15 tlustrated sn the diagram to the
far nght Without modiying temperature or humdity,
what faciors can alter the comiort zone? A sedeniary
person 1z shown n the shade with tus corresponding
comlort zone If the wind blows, his comfort zone
moves So also it he exercises or sits n the sun

A buiding functions n much the same manner An
occupant comiort zone can be established and
mechanical equipment provided o assure thart ther-
mal conditions remamn in the zone On the other
hand. the building can be deaigned to respond to the
positive and negatwe affects of wemperature. humid-
ty. wind and radiation so that the occupant comfory
zone 1s altered as external climabc conditions
change Given the scarcity and rising cost of conven-
uonat fuels and the cost of mechanical chimale
control eguipment, the most effecive and inexpen-
swve approach may be to design the building as a
whole 10 respond 10 the éxternal chmatic conditions
thus altering the occupant comfon zone Only when
the natural thermal controi processes have been ex-
ploited to a realistic maximum, should mechanical
energy systems be employed 1o make up the remain-
ing comfort burden. A range of natural climatic ther-
mal controls available to designers and buildings i1s
identified in the next section.

Human Comfort and Solar Energy

Solar systems are designad to maximize the col-
lection and storage of thermal energy. The thermal
enargy. in turn, is used 1 heat spaces or domastic
hot water supply or power heat activated cooling
systemns. All of these processes necessitate the cap-
ture, transport, storage and distribution of an in-
credibly large amount of energy. Properly designed
and regulated, this energy will provide an indoor
climate suitable for the occupant’s activites. I, how-
ever, the energy systems are not carefully organized
and arranged. human comfort and activies may be
seriously impaired. All channels of thermal energy
flow should be considered in terms of their potential
impact on human comfort. For example, heat
transport piping or duct work between the solar
coltector and storage will lose considerable heat to
the occupied spaces if not properly insulated. Large
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concentrations or reservoirs of thermal energy must
also be evaluated in terms of their effect on occu-
pant comfort. This 15 particularly wrue far large solar
collector arrays or storage areas which are in close
prokimity to a hahitable space. The maintenance of
the indoor climate within the comfort zone should be
the goal of building and sclar system design

Soiar Dasign Determinants — Comfort

The comfort factors which influence the design o
solar dwellings and systems include:

e Body's heat loss and heat gain — degree of each
is related to activity, climatic condition and ther-
mal preferences.

¢ Zone of human comfort and its relation to
regional, local. and site chmates. Will iderufy
need tor and design of type(s) of thermal con.
trol{s} necessary 1o return conditions to comvort
zone. ’

+  Relauon of heat sources 10 occupied space.
Proper control of sclar collection, storage, and dis-
tribution is crucial for providing and maintaming
indoor comtort.

The sole purpose for housing. solar systems. and
other thermatl controls is the provision of a com-
fortable, suitable residential environment for the
occupants’ activities. Designers and builders should
be aware of this fact in the design of buildings in
generat. and solar buildings in particular. A solar
dwelling which is designed to capture, store. and
distribute the tremendous energy provided by the
sun is especially vuinerable to situations unfavorable
to human comfort. The first consideration should
always be to the individuals who wilf inhabit the
dwelling.

BUILDINGS: THE CONTROLLING
VARIABLE

The thermal charactenstics of a building are
extremely 1iiportant for the design of solar dwellings
and the provesion of buman comfort It s at the
bulding nise¥ wiere the demands of chmave and
human comfyrt must be resolved.

Buldings are c»iscucti-d to moderate the extremes
of external climate to maintain thy buiding intenior
within th- - rrow ranges of temperature and hupudi-
ty that support accupant comfort. Building design
can begmn to accomplish this role, by working with
nstead of aganst, climauc impacts. A brulding. ke
the human body, can be examined by its heat ex-
change process with the outdoor envionment The
ways buidings gain and lcse heat can be examined
and methds of thermal control developed to assure
satisfactor  performance ol a building's heat ex-
change pt  osses Mechanical controls, such as
heating and coo'ing systems. whether convenugnal
or solar powered, may be evaluated by thew perfor-
mance 1n compensating for a building’s heat loss or
gain; while swuctural (non-mechanical) contrals such
as insulation. shading devices or building shape may
be evaluated by their perfurnance in reducing the
demand on or e need for inecharical systems by
controlling a building’s heat loss or gan

in most cases, a mix of mechanical and structural
controls will be necessary 10 assure the best possi-
ble indoor climate. Appropriaie thermal controls for a
particular building will be dependent on the jocal
climatic and site conditions, cost, censtruction prac-
tice, and the architectural requirements of the
design. The design of dwellings that incorporate
energy conserving techniques, particularly solar
heating and/cr cooling systems, will modify in vary-
ing degreex the construction pract.ces and the
architectural image of today's dwellings. How solar
systems can affect the architectural image of
buildings is discussed in the next section.

A building, in essence, is the contrglling variable
which can be modified In numerous ways to recon-

cie the demands of climate and comfort

Heat Exchange of Buildings

In the Jast section, the dependence of the hurman
body on appropnate thermal cong:uons was analyzed
by 1ts beat exchange process with the environment
In a simifar manner, a buillding’s provision of thermal
comfart may be examined by ils heat exchange
processes with the outdoor enwironrrent A buildeg
gains or loses heat by conduchon. convechtion.
evaparanon, radiauon, internal heat sources. and
mechanical systems

The flow of heal by conduction thraugh walls, flogrs,
and cellings raay occur in eiher rsrection. Generally
speaking, conductive heat iosses will occur in winter,
while conductive heat gains happen in summer The
material composition of the walls, floors and ceilling
of buildings will determine the rate af conduction
With some salar systems, the matenal compositinn
of the buillding 1s af critical imporiance for the
satisfactory performance of the solar system For in-
stance. If south-lacing windows are used as solar
colleciors, the thackness of the fioor and wall
material 15 extremelv impartan! for achteving proper
absorption and reradiation of solar heat

Heat exco.:nte by convection can occur through
buitding surfaces by the movement of air between
areas 0i difictent termnperatures. For example, move-
ment of air between the outside and inside of a
building in winter around doors and windows 15 con-
sidered a convective heat loss. The heat exchange
bewween the interior of a building and the outdoor
air may be unintentional air infiltration — “leakage”
— or deliberate air regulation — “ventilation.”

Radiation of heat through glass or other transparent
surfaces can add considerable heat 10 a building.
Canversely, thermal radiation from interior surfaces
to cool exterior walls will influence to a small degree
a building’s heat laoss. The amount of radiant or solar
heat gain is influenced by window area. building
orientation and shading. Properly placed wintows or
other transparent surfaces which can- be insulated
when the sun is not shining can provide a substan-
tial portion of a building's heat demand.
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IN COLD WEATHER. A HOUSE 1S HEATED UP
BY:

* SUN'S RAYS THROUGH RADIATION

* PEOPLE LIGHTS, COOKING. WASHING. DRYING,
PILOT LIGHTE. HOT WATER
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DOWN BY:

RADIATION TO DARK SKY
HOUSE WALLS AND GLASS. BY CONDUCTION
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» HUMIDIFICATION (AIR TEMPERATURE DROPS
AS HUMIDITY RISES U'NLESS EXTERNAL
HEAT IS APPLIED)

* GROUNGD. IF BASEMENT IS WARMER THAN
GROUND

s DRAINS AND FLUES -~ HEAT IS LOST DOWN
THE DRAIN. UP THE FLUE

IN HOT WEATHER, A HOUSE IS HEATED UP
BY:

= HOUSE WALLS AND GLASS. BY CONDUCTIGN
WHEN QUTSIDE AR 15 HOT

» HOT AND/OR HUMID QUTS!DE AIR. BY
CONVECTION {INFILTRATION, VENTILATION
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HOT WATER. PILQT LIGHTS
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DOWN BY:

RADIATION TO DARK SKY
HOUSE WALLS AND GLASS. BY CONDUCTION
WHEN QUTSIDE AIR 1S COOL
s COOL CUTSIDE AIR, BY CONVECTION
(VENTILATION}
+ GROUND. BY CONDUCTION FROM THE
BASEMENT OR CRAWL SPACE
HUMIDIFICATION, IF AIR IS DRY {ADIABATIC
COOLING)




internal heat sources such as human bodies, lamps.
motors and appliances can provide as much as 25
percent of a building's heating load. This source of
heat is rarely considered in residential design.

Mechanical equipment may introduce or remove
heat from a building by utilizing some form of out-
side energy such as natural gas. oil, electricity or
solar radiation. The amount of heat and cold pro-
duced by these systems is controlled by the designer
and is dependent on the heat lost or gained by the
other factors. Mechanical equipment, as the depen-
dent variable, therefore can be adjusted according to
the thermal balance of the other factors.

Finally, a buiiding may lose heat by evaporation from
its surfaces or from sources within the building.
Evaporation from these and other sources will
produce a cooling effect as water vapor is removed.

The thermal balance of a building is maintained
the heat lost and gained from the above sources
equals zero. I the building 1s losing more heat than
it is ganing frem the above sources, the building will
be cooling off, if 1t is gaining more heat than it is
losing, the building will be warming up. Regulating a
building’s heat loss and heat gain cycle within a
level of occupant comfort through the day and year
1s a function of building design and mechanical
system selection.

A dwelling designer and builder share the respon-
sibility of properly selecting building materials. deter-
mining building size, volume, and orientation, and
sizing and onentating windows. doors, overhangs,
and other thermal controls 10 assure pccupamt com-
fort. Each of these considerasions will influence the
magnitude of one or several of a building’s heat ex-
change processes. The trade-offs between heat ex-
change factors wiil most likely be based on climate,
cost. and construction practices. For example, since
mechanical equipment is expensive, it may be ap-
proprigte to reduce heat loss and gain by structural
methods. By working with instead of against climatic
impact, a reduction of a building’s need for mechan-
ical equipment may be realized. This, 0 twrn, may
result in a reduction in the amount of fossil fuel or

the size ol a solar system required (o adequately
heat and/or cool a dwelling

Thermal Controls

Therma!l controls are dewices {s.e, furnace} or meth-
ods l{i.e.. dwelling orientation to caplure summer
winds) for moderating the extremes of outdoor
chmate 10 bring the interior within the narrow ranges
of temperature and humidity that support human
comfort. Thermal controls can be discussed by either
the nature of the control — mechanical or structural
— or the climatic vanable regulated — wind. sun, or
temperature. In either case. the ohjective of thermal
controls can be bnefly stated as follows:;

1. When coid discomifort conditions prevail:
s  mirimize heat loss
*  maximize use of heat gain from the sun and
internal sources
* compensate for any net heat loss, by heating
which uses some form of energy supply
{preferably a renewabie resource;

2. When hot discomtfort conditions prevail:
# minimize heat gain
*  maximize heat loss
* remove any excess heat by coobing. which
uses some form of energy supply (preferably
a renewable resource)

3. When conditions vary diurnally between hot and
cold discomfort:
* gven out vanatons
¢ {1} in the cold phase and {2) in the hot phase
{as above)
s compensate for both excesses by a flexible
heating/cooling system.

It has been stated, "the degree of sophistication (in
environmental controls) is largely a soc o-economic
question.”” In other words, the provision of any
specified set of indoor conditions is possible. but
preferences and sophistication of controls will be
influenced by an individual's social status, standard
of living and financial means. The decision as to
what degree of comfort is 10 be achieved at what

degree of cost involves a value judgment. This 1s the
perplexing issue we face in the United States today
regarding energy in general and solar energy in par-
ucular.

Al eiements of cimate can be moderated in speciic
degrees to maximize heat retention. or solar heat
gain or internal air flow as needed in different com-
binations for varnous climatc conditions. It may be
more useful. therefore, to discuss thermal controls by
the climatic variable regulated. The thermal control
strategies afe organized by climatic vanables —
temperature, sun, and wind. Numerous other
techmiques are available 1o the designer that can be
combined for climate control. The emphasis here 15
on those control strategies which do not require a
convenunona! energy nput for their operation.

Temperature Controls

Control strategies for temperatute can be classified
nto two broad categones: thermal retention and
thermal regulation. Thermal retention is simply the
capture of heat produced within the building or from
a surrounding heat source. Underground rassing of
the building to reduce heat loss, and the use of
resistive insulation and fireplace design to maximize
the radiation of heat into occupied space are ex-
amples of thermal retention Strategies.

Thermal regulation, on the other hand, is the manipula-
tion of building design 1o moderate the indoor climate.
Thermal ragulation would include; reducing the
heated/ cooled area and volume of the dwelling during
the day or throughout periods of maximum
energy demand by the internal zoning of spaces so
that postions of the dwelling may be closed off;
locating vegetation and land forms around the
bullding to reduce climatic impact of 1emperature
fluctuation in the building, and in regions with law
vapor pressure and a clear night sky designing
buildings to make use of nocturnal cooling.

Sun Controls

Strategies for sun control can be organized into two
categories: solar exposure and light regulation. Solar
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exposure strategies moderate the exposure of the
building and adjacent site to solar radiation. Light
regulation, on the other hand, regulates the amount
of sunlight reaching the interior of the dwelling.

I numerous cases. however, one technigue will
serve both functions. For example, site vegetation —
trees and high shrubbery — can be placed to block
unwanted radiation from striking the building during
ceriain periods of the day or year and can also

be used to regulate the amount of sunlight entering
the dwelling's openings.

Other solar exposure strategies include capacity
insulation to regulate (by thermal capacity} solar
heat gain through the building’s walls and roof {best
for areas with large diurnal temperature swings and
high solar heat gain). groundcover to control
reflected radiation gain and ground temperature, and
solar collectors positioned to capture solar radiation
for space heating/cooling and domestic water
heating.

Light regulation strategies include window designs to
reguiate the sunlight entering the building. interior
shading devices such as shutters {preferabcly insu-
l2ted), draperies, louvers. and proper location and
origntaton of the dwelling's openings.

Wind Controls

Sirategies for wind control can be classified into wo
general categories: wind regulation and internal

air flow. Wind regulation primarily moderates the im-
pact of wind on the building and adjacent site while
internal air flow stratepies manipulate air movement
within the building.

Wind regulation techniques range from designing the
building itself as a wind-controlling ferm through
aerodynamic massing, to the placement of natural or
man-made elements {i.e., vegetation. land forms or
fences} on the site surrounding the building to
regulate wind direction and force. Similarly, internal
airflow strategies are quite varied and range from the
use of roof monitors to create a "thermal chimney”
for increased ventilation to channeling wind flow for
use in evaporative cooling.

The chalienge that confronts the designer is 1o select
that combination of thermal controls which moder-
ates climate to expected levels of occupant comfort
at a justifiable cost in construction and energy con-
sumption. From energy cost escalation in the past
few years. it is apparent that our previous design
assumptions are no longer valid, that energy con-
suming mechanical equipment cannot make up by
brute force for what bulding designs disreqard in
natural climatic impact.

Solar Design Determinants —
Building Characteristics

The building charactenstics which influence the
design of solar dwellings and systems include:

# Dwelling's heat loss or gain — will delermine
heating and cooling requirement

* Dwelling’s total volumme of heated/cooled area —
will affect heating and cooling requirement.

s Dwelling’s total surface area exposed to the out-
door envirgnment.

¢ Dwelling’s orientation — critica! for controlling
heat exchange with gutdoor environment and
solar collection.

* Dwelling’s thermal contrels — means of temper-
ing or utilizing outdoor climate to provide a com-
fortable indoor climate. May substantially reduce
a building’'s heating and cooling requirement.

* Dwelling's material composition — wilt deter-
mine rate of heat loss/gain and may be used 10
store solar energy.

A building is where the demands of climate and
carmmfart must be resolved. An understanding of iocal
climatic conditions, human comfort requirements.
and the thermal characteristics of buildings will
enable the designer to dentify the most effective
land energy conserving} methods for providing
human comfort in building design — including the
use of a solar system. Numerous thermal control
strategies are avallable for inclusion in building
design. Their use can substantially reduce the energy
requirements of the building. As a3 result. a smaller

sclar energy system will be sufficient tor the
building’s energy requirement, thereby achiaving a
considerable cost saving.

ARCHITECTURAL DESIGN IMPLICATIONS
OF SOLAR SYSTEMS

Solar systems. as noted earlier, vary widely both in
design and tunction. They may utilize complex
tachnalogy or require only common sense design
decisiors. They may be used for space heating. cool-
ing and domestic hot water heating. The com-
ponents which make up a solar system -— chllector,
storage. and distnbution -— may be arranged in
numerous comoinations dependent on funcrion, com-
ponent capabiity. climatic conditions. required per-
formance, and architectural requirements

Associated with the design of buildings using solar
sysiems Jor the provision of human comfort are a
number of design implications related to climate.
comfort, thermal characieristics of buudings and
solar systems. Each of these design variables pre-
sents a unique set of critena which must be adhered
ta within a prescribed range if the desired level of
occupant comfort and system performance is to be
achieved. The design issues related o climate.
human comfort, and the thermal characienstics of
buildings have beer 4riefly discussed earlier in this
chapter. It now remains 1o identify tha dasign issues
associated with the use of solar heating and cooling
systems.

Since there are a variety of methods for collecting,
storing. and distributing solar energy and an almost
infimte number of ways these concepls may be
utlized in a building design, the following architec-
tural aimplications of solar systems are necessarily
simplhfied. However, soms design issues are of a
general nature and should be considered early in the
design of dwellings incorporating solar systems.
These range from the location, size and orientation
of a solar collecior to the placement of room air cut-
lets for comfort heat distribution. To assist under-
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standing the architectural implications of solar
systems, they are discussed according to type of
system companent. For example, the design impli-
caticns associated with solar collectars are
presented in one area followed by the design im-
plications of solar storage in another and so on.

Architectural Design
Implications of Solar Collectors

Location

There are basically three locations for the placement
of salar collectors: detached from the building, at-
tached to the building. and integrated with the
building. Additionally, there are numerous collecior
placements associated with each generic locabion.
For instance, collectors may be integrated with the
walls, roof and wnterior spaces of a building or
detached by placement on the ground or on ancihary
siruciures.

The appropriateness of one collecior location or
another will be dependent on a host of variables par-
ticular to each design condition. For example. the
type and size of the collector, the climatic and site
conditions and wheiher the collector is for new or
existing censtruction will all influence collector toca-
tion and building design for any given project.

QOrientation

Collector orientation is critical for the optimum ex-
posure of the cgllector to solar radiation. For
stationary cotlectors, as opposed to “wracking” collec-
tors which follow the sun across the sky. an orienta-
tion of true south in most situations is the best posi-
tion for radiation collection. However, research 1o
date indicates that a 20° variation. either side of
true south, does not significantly alter the size or
performance of most solar coliectors. In fact. in
some cases it mav ke necessary to orient the collec-
tor away from true south. For instance, if incoming
radiation will be cbstructed from striking the collec-

tor because of adjacent buildings and trees. or f
morning fog or haze may ntertere with collection. a
deviation from true south may be atisolutely
necessary.. When dewviauen from true south does oc-
cur. the size of collector needed 10 provide a simiiar
level of purformance will generally increase Each
colfector area shown on P. 67 provides B0 percent
of the dwelling's heating demand As can be seen,
the collector arga varies significantly within and
between climatic regions, Because of these
variations collectar orientation can be crucial to a
dwelling’s design and should not be understated or
overiooked.

Tile

In addition to collector onentauan, col'ector tily s an
important consideration for dwelling and system
design. Again, we are referring primarily to stationary
collectors and not 1o tracking and concentraung
collectors. The angle at which a collector is tilted
towards the path of incoming radiation will greatly
aftect 1ts performance characrensucs and the buid-
ing design of which 11 1s a part The ult of a collec-
tor. to a large degree, is determined by the geo-
graphic locaton of the dwelling {sve latitude} and
the functional requirement of the solar system (space
heating. cooling or domestic water heating).

Due to the tilt of the earth’s axis, discussed earher,
the angle at which the sun strkes every location on
earth varies thraughout the year. Theretore, a proper
collector tilt for winter heating and summer coohng
will be ditferent for each geographic location. This
vaniation in tilt fluctuates about 30° from heating op-
timum 1o cooling optimum. Consequently, most
collectors are positioned within this range, generally
with their location nearer the angle associated with
the locality's primary energy reqguirement -— heating
or coohing.

The snowfall characterigtics of an area may influence
the appropriateness of an optimum collector tilt.
Climates receiving a large amount of annual snowfall
may experience snow build-up on the collector or
drifting in front of the collector. For these situations,
tilt angles of 40° or more are generally required to
induce natural "avalanche” off the collector.

Numerous gutdelines have been proposed for deter-
mining colteclor tilt based upon site 'attude The
most oft2n mentioned rule of thumb s latiude plus
15° for heating and lautude plus 5° for heaung and
cooling For example, a collector titt for northern
climates such as Minneapolis, Minnesota — where
the primary energy requirement is for heating —
would be Minneapolis’' lantude 42° plus 15° equal-
ling a cellector ulht of §7° Vanaton of 10 10 15
degrees either side of this opumum will nol signifi-
cantly alter collector performance Caution, however,
shauid be observed before unguestoningly accepung
this rule of thumb without an analysis of the solar
system’s performance. For instance, in the example
just mentioned, 57° was indicated as an optimal
callector angle without considening the reflecuve
properties of snow usually associated with northern
chmates. Since the winter sun angle will be low for
the Munneapolis area, the rellective radation could
be considerable and the designer may wish 10 con-
sider a vertical collector.

The angle al which a collector 15 positioned has a
direct retationshup to the amount of collector area
required to provide equal levels of performance This
relationshup 15 easily ilustrated Assuming a northern
chmate and a collector sized to provide 50 percent
of a 1.000 square foot house's healing demand. the
resulting change wn collector area resulting from
changes i tilt angle would be as follows.

e Using a collector size at an angle of 50° facing
due south as the base ftor comparison, the
collector size will increase 18 percent Il the
collector ukt is lowered to a 40° angle.

@ Increasing the base angle 10° to 60" increases
collactor size 6 percent.

*  However. increasing coliector angle to 30° and
assuming a reflective radiation gain from snow
or another reflective surface in front of the
collector decreases the base coltector size 14
percent.

This simple example shows the importance of per-
forming a general system analysis before proceeding
into detail design. The impact that the collector
angle may have upon the design of the dwelling
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which is to incorporate the system can be substan-
tial and careful consideration should be given to all
facrors before a decision is made

Shadowing of Collector

Another issue indirectly related both to collector
orientation and tilt is shadowing. Care must be taken
in Iocating solar collectors so that they are not in the
shadow of adjacent buildings. landscaping. or
another collector during periods when collection is
desired.

In some cases, however, shadowing of the collecior
may be desiwed. For instance. if the collector is to
provide heating only it may be desirable 1o shadow
the collector and residence during hot summer
months. This would be particularly true for windows
designed as solar collectors. By properly calculating
an overhang. the hot summer sun will be blocked
before entering the dwelling.

Type and Size

The type and size of a solar collector will have a
significant impact on the physical appearance ¢t a
solar dwalling. Each method of solar energy coliec-
tion, discussed in Chapter Two, has a unigue set of
criteria for effective capture and utilization of solar
radiation which will influence a dwelling's design.
For example. the desigih requirements of a sotar
pond are significantty diiterent than those of a liguid-
cooled flat-plate collectar. In additior, the perfor-
mance characteristics of each collection method will
vary with climate, building characteristic and comfort
requirement, thereby requiring different size collector
areas 10 achieve an equal level of pericrmance.
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The influence of collection typs and size on dwelling
destgn s best Wtustrated by examirung tno
relationship of the soiar collector to the puilding.
There are two basic relationships between a solar
collector and a building. The first is where the entire
buiding or varicus components of the building
(wallg, roof) act as the solar collector — a passive
collector. In this ¢ase, the collector and building are
one and the same element. The type and size of
collector directly affect how the building will loak
For example. if the method of cellection 15 a ther-
masyphoning wall or a solar pond. the building
design 15 strongly influenced by the size. orientation.
and volume of the collection surfaces.

Examples of this relatonship are the Dawd Wright
house. the Atascadero house, and the Trombe/
Michel house discussed earlier. One cannot divorce
the discussion of the solar collection system from
the design of the house.

The second collector-building relationship 15 not as
direct as the first. The coilector and building are
seen as independemt elements which may be
organized in many ways with varying degrees of \m-
pact on each other.

The size and wpe of solar coliector, in most
sitvations, will provide an indication of whether the
collector shoutd be attached, detached or integrated
with the dwelling. in some cases it may not be
possible to locate the collector on the building and
therefore the collector may be best localed away
from or adjacent 10 the dwelling. As a result, the site
planning problems may become more significant
than the architectural problems. [f, however. the
collector and building are to be attached in one way
or another, the iype and size of collector are signifi-

vt architectural considerations. For instance. when
a large vertical oollector area 1s required and south-
facing windows. balcories. and patics are also
desired. 1t pecomes a difficult design problem 1o
balance the need for collection area with the desire
for architeciural amenities.

Even with a roof-top collector. it is not just a simple
matter of placing solar collectors on a dwelling's
roof. The volume. roof sfope, floor area. structure
and building orientation, to name but a few con-
siderations, will all influence collector type, size and
location.

Architectural Design Implications of
Solar Storage

Type and Size

The type and size of solar heat siorage will have
varying influence on a dwelling’s design Storage
type and design will be closely related 1o the solar
collector used and the size of storage will be depen-
dent on its performance characteristics and the
dwelling's storage capaciy requiremant {dererminar
by energy load and days without collection}.

The influence of solar storage on the physica!
appearance of the dwelling may be unnaticeable
with some systems and immediately apparent lor
others. For example, a slorage tank located in the
basement or buried adjacent to the dwelting will not
affect the physical appearance of the dwelling. How-
ever, if a solar sysiem which combines solar collec-
won and storage in the same element is used, the
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solar collector/storage component will be immediate-
Iy visihle and have a direct and substanual influence
on the architectural character of the dwelling For
most storage designs. howsver, there will be only
minimal architectural modification because ol
starage type or size.

QOne of the most important design considerations for
solar heat siorage inclusion in buillding design 1s to
provide sufhcient building or site area for the large
volume assoCiated with most storage components —
especially with water or rock storage Since the
siorage component is generally sized 10 provide for
the dwellny's heating/cocoling requirement over
several days —— usually 1 to 3 days — the size of
storage can become quite large It 1s not uncommon
to have storage size range from 500 1o 2000
gallons of water or 10 to 50 tons of rock tor a siujle
family dwelling This amount of storage wili ragu.re
65 10 270 cubic feet of space for woler wloraga
and 160 to 800 cybic feet of space for rock stor
age A savings \n storage size is possible for mutn
lamity or other large buildings where a centriued
storage component services all the lving unis Thes
method will generally be advantageous in terms ul
cost, efficiency and operation over many ndiwidual
storage elemants

Location

Storage location can become critical for the efficient
operation of the solar systemn If storage is located at
a considerable distance from the collection and dis:
tnbution components. heat transfer between com-
ponents may be neflicent and the to1al energy
reachung the occupied space will be reduced

Thare are three basic locations lgor solar storage:
within the building. outside the building, and nte-
graied with building or other so'ar system compo-
neris. Storage location will be detormined primarily
by the collector type, storage performance
characteristics, required thermal ca"oacny {size), and
the architectural iremenis imposed by the
buiiding’s design.

Within the building, the storage component can
be located wherever there is sufficient room. In most
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cases, however, storage 1s located in the basement,
i there i1s one. ¢r buned beside the dwelling. 1If there
15 not Other storage locanons within the Sullding in-
clude an alhc space, a storage closet {especiaily in
the case of physical/chemical s:orage), or a specially
built storage room or element

Outside the building. storage 15 usually buned along-
side of the exterior wall closest to the mechamcal
equipment raom Where burying 15 not feas:ble,
because of a low water table lor instance. storage
can be placed n a welt-insulated free-standing ele-
ment adjacent the budding. Burying s recom-
mended because of the added insulauon value of the
earlth Also. because the storage Componeni 15 Oul
side the bulding, intenor space does not have 10 be
provided

Sotar storage which s integrated with the butlding

ather solar system componenis. n cerfain n-
stances encompasses the best features of the
prevenrs two storage locations Integrated storage
shunents serve several functions simultaneously For
wvampie, the walls, floors, and rool of a huilding can
be used to slore solar energy as well as perlorm
their intendad luncton The Pugblo Indian structures
and the houses designed by Gearge and Fred Keck
are examples ol this siorage concept

Storage can also be integrated with the other com-
ponents of a solar system. A solar system which
combines several functions in the same element can
be used additionally as an architectural element For
instance, the solar pond of the Atascadero house not
only collects. stores, and distributes salar energy. it
is aiso the root of the dwelling. This same principle
applies to solar systems which can be used for ex
tenof or interior walls — such as found in the
Trombe/ Michel house.

Regardiess of storage locaton, the component
should be designed to control heat loss. For siorage
outside the building. heat loss should be reduced to
a minimum by enclosing the elemeant with insufation
and burying it to a sufficient depth. Storage within
the building should be regulated so that unwanted
hest tuss does not escape 1o the outside or adjacent
interior spaces Where storage is integrated with

bulding or solar system components, it & extiemaly
important 1that heat loss from storage be carelully
conttalled so that the occupied space sered by
siorage does not overheat

Architactural Design Implications of Solar
Heat Distribution

Type and Size

The type of disinbution method chosen for use In a
dwelling may have a ssgmficant effect on 115 archiec-
tural appearance  For anstance. distnbution wepen-
dent on vaturay croneecnon and radiahion will require

carclub atterteo 1ogom size and shape, opening
plar vt il height, buillding matenal selection.
to e baer o fow consideratons The same degree

of aitotnn wnuld not be required f a forced warm.
ar or warm-water distnbution was used Selection of
the disinbution method shou'd not be quickdy
decided without some analysis of the architectural
unpl:canons of the chaice

The manner i whach solar radiation 1s collecied and
stored will usually determine the means of distnibu-
ton The number ol possible combinations between
solar system components 15 hmited Conseqguently,
for any specific collector — storage combination —
there will be a imited number of compatbie dis-
wnbution methods. Gnce collecuon and storage com-
ponents have been selected, a number of distribution
mmethods may be identfied and analyzed

The size ol the disinbulion component is dependem
on the operating temperature ol the solar collector
and slorage, the amount of area/volume 10 be
heatecl/cooled. and the distance betwean collec-
tor/stcrage and the point of usa. In some instances,
there will be no size associated with distribution For
example. the solar pond of the Atascadero house s
placed on top of metal celing panels above the ser-
viced area. The panels, healed by solar radiation
siriking the pond. distribute collected energy to the
dweling's interior without conventional distribution
elements — ducts and pipes — by natural radaiion




and convection. However, solar systermns which rely
on mechanical devices for energy distribution will
generally require more attention to distribution size
and location than conventional heating and cooling
systems.

Warm-air distribution, for instance, will. in most in-
stances. require larger duct and blower sizes
because solar produced temperatures in storage are
cft=n in the low range. Consequently, the layout of
distribution ducts can significantly influence a
dwelling’s spatial arrangement t0 accommodate ef-
ficient distribution and the added duct size.

Location

The location of solar distribution components within
a dwelling are much the same as conventional
heating and cooling distribution components.
Methods using ducts and pipes can be located in a
basement. attic. dropped ceiling space or under the
floor slab if the house is built on grade. The
possibility of larger duct sizes due to lower storage
temperatures may become a significant factor n the
location of duct runs through the dwelling. This. in
turn, can influence the location and arrangermnent of
rooms and the placement of outlet diffusers.
Distribution methods dependent on natural radiation
and convection, which in most cases do not rely on
ducts or pipes. require special attention to energy
source and target area. Since radiation and convec-
tion are dependent on the differential temperature of
surfaces and air respectively. the location of the
energy sourge — collector ar storage — relative 10
occuprad spaces s important for efficient distribu-
tion. This i turm will suggest room sizes, shapes.
and materials which are compatible with radiation
and convection distnbution.

Solar Design Detarminants — Solar Systems

The solar system factors which may influence the
design of solar dwellings, systems and sites include:

& Solar cotlector’s location — whether the collec-
tor is detached, attached, or fully integrated with

the building structure will significanily influence
the design of the dwelling, site and system.

Collector typeis} and size{s) — dependent on
chimatic conditons. thermal characteristics ol
dwelling. efficiency of collector, and tunctional
requirement (e.g. space heatingl Various collec-
tor types may be used simultaneously.

Solar collector's onientation — generally 10°-
20° gither side of true south,

Tilt of solar collecior — should be normal to the
sun’s rays duning periods of collection. Annual
optimum collector angle for space heating 1s
generally cansidered laotude plus 15° and
tatitude plus 5° for space heating and cooling.
Seasonal optimums will vary from December to
June within a total range of approximately 30°.

Energy loss at the back and sides of collector —
should be properly insulated to reduce uvhwanted
heat loss from collector to external climate or in-
ternat spaces.

Storage typels}) and design — must be compau-
ble with collector and distribution systems.

Storage size — should accommodate collector(s)
performance characteristics, building’s energy de-
mand {generally for 1 to 3 days). and climatic
variations.

Minimized heat loss from storage 1o surrounding
environmeni — storage should be well insulated
to reduce heat loss on cool days or when collec-
tion is not occuring. However, in the case of an
integral collector/storage system. a thermosy-
phoning wall for example, heat loss should be
properly calculated to deliver heat at the rave
desired.

Efficient transfer of heatfrom collector o
storage, storage (o distribution — an important
consideration for ragulating the efficiency of solar
radiation collection and distribution.

Reliability of storage medium — long life
regeneration of storage medium.

* Placement of storage 10 maximize efficiency
and minimize human discomfort — jocauon of
storage ¢ be compatble with collector and dis-
tnbution systems, but also not in conflict with
human comiort considerations. For example.
storage may be located within or below an oc-
cupied space and may cause overheating of that
space if not properly designe:! or insulated

* Distribution type{s) and cesign — must be com-
patible with coltector and storage systems.

*« Distnbution size — system may have 10 be larger
than convenuicnal distribution systems because
temperatures are generally lower.

s  Placement of air distribution cutlets — moving air
which 1s only a few degrees above room
temperawure feels relatively cool to the occu-
pants. even though it is actually warming the
space. With the lower delivery temperatures com-
mon n soiar warm air heating systems, warm air
outlets shoutd be positioned to avoid creating
drafts which could be annoying 1o the occupants

Recognition of the many design implications
associated with the use of solar systems is cruciat
for the efficient capture and utilization of solar
energy for heating and cooling. Addrtionally, the
archiectural appearance of the dwelling will be
shaped by the design criteria associated with the
various solar components chosen for inclusion in the
design. Solar dwelling design to be successful must
reconcile any conflict between these design issues
and skillfully coordinate them into a dwelling design
responsive to the climatic conditions and the oc-
cupant’'s needs.
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SITE PLANNING FOR
SOLAR ENERGY
UTILIZATION

The building site 15 an extremely important solar

design consideration. Together with the solar design
factors presented in the previous chapier. the con-
ditons and charactenstcs of the bulding site will in-
fluence both sclar dwelling and system design Ex-
15ting vegetation, geclogy. topography., and chmate
are the prirnary site characteristics considered during
site pianming and design. [hese factors will influence
not only the design of dwellings incorporatng solar
heatung and cooling systems but alsa the layout and
organization of groups o neighborhcods of solar

dwetlings

Every bullding site will have a unique combination of
site conditions. As a result, the same solar dwelling
placed on vanous sites will generally require com-
pletely different site planning and design decisions.
Therefore, the site for a solar heated or cooled
dwelling should be selected with care and modified
as necessary 1 maximize the collection of solar
energy and o minimize the dwelling’s need for
energy

L]
THE SITE PLANNING PROCESS

Site planning 15 concerned with applying an objecuve
analysis and design process to spscitic site-related
problems at increasingly smaller scales. While the
building site and ihe dwelling design may vary
significantly from one project 10 anather. the process
of site planning is replicable and easily adapted t¢
the requirements of most projects. In the case of
solar dwelling design. the process is altered 10 in-

clude design crnitena related specifically 1o the use of
sofar heanng and cooling systems

Site pfanming for the uthzation of solar energy is
concerned with two major 1ssues 1) access to the
sun., and 2) location of the building on the site to
reduce 1ts energy requirement. The placement and
integranion ol the solar dwelling on the sile In
fesponse to these concerns entals numerous deci-
sions made at a variety of scales. The process may
commence at a reqonal climauc and geographic
scale and terminate at a specihic location on the
butiding site At every scale, decisions regarding site
selection, bullding onentation and placement. and
site planning and design are made

SITE SELECTICN

Al nmes. a builder, developsr or designer may have
the option of selecing a site or of determining the
precise tocation on a larger site for the placement of
the solar dwelling or dwetlings. In such instances.
the best sue for effective solar energy utilization
shoutd be chosen by analyzing and evaluating care-
fully all of the following factors:

Geography of the area surrounding the site

* the dally and seasonal path of the sun across the
site

* the daly and seasonal windflow patterns around
or through the site

* ths presence of earthforms which may block the
sun or wind
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e the presence of low areas where cold air could
settle

Topography of site

# steepness of the slope — can it be built upon
econotmicatly

& the presence of slopes beneficial or detrimental to
energy conservation and solar energy utilization

Orientation of slopes on the site

s south-facing slopes for maximum solar exposure
waest-facing slopes for maximum afternoon solar
exposure

= cast-facing slopes for maximum morming solar
exposure

® north-facing slopes for mnimum solar exposure

Geology underlying the site

¢ depth and type of rock on the sie
e unbuildabie areas on the site

Existing soil potential and constraints

e s0ils with engineering limiiations unable to
support structures

* soils with agricuitural limitations, 2nable to sup-
port vegetation

Existing vegetation

* size, variety and location of vegetation which
would impair solar collection

* building sites which would disturb existing vegeta-
tion to a minimum

® size, variety and location of vegetation which
would assist in energy conservation

Climatically protected areas on the site
® areas protected at certain times of the day or year

® areas protected by topography
* argas nrotected by vegetation

Climatically exposed locations on the site

areas sxposed to sun of wind

areas exposed primarily in winter
areas exposed primarily in summer
areas exposed all seasons of the year

* & »

MNatural access routes to and through the sites

* adjacent streets for vehicular access to the site
* adjacerm walkways for pedestrian .access to the
site

Solar radiation parterns on the sile

dailly and monthly
seasonal

¢ mpediments {e g.. vegetation that may cover the
site or shadow buildable areas on the sitel

Wind patterns on the site

* daily and monthly
seasonal
impedimenis {e.g. thick vegetation or underbrush
that may block awr movement on or through the
site}

Precipitation patterns an the sie

* fog movement, collection or propensity patierns
®* snow drift and cotlection patterns
* frost "pockets”

Temperature patterns ¢n the site

daily and monthly
seasonal

warm areas

cold areas

Water ar air drainage patterns on or across the site

® geasonal air or water flow patterns

® daily air or water flow patterns

& existing or natural impediments to air or water
flow patterns

Tools for site analysis include air photos. 1opographic
maps, cimatc charts or direct chservations on the
site. Site selection at whatever scale must take into
account the distinctive characterisucs of the major
chmatic regions of the United States mentoned
earlier Once the data is collecled and organized, it
can be used to evaluate, rate and eventually select a
specific location or site for the placement of the
dwelling. solar system, and other site related ac-
luvities
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A simplified example of the site analysis process for
determuining preferred locations for solar dwellings in
western temperate climates is shown i the follow-
ing illustrations.

ALTITUDE AND SCOPE ORIENTATION AND WINDS
THE TQPOGRAPHY IS ANALYZED IN BOTH PLAN

AND CROSS SECTION TO LOCATE BUILDABLE
AREAS ON UPPER AND MIDDLE SLOPES.

FLOCD
PLAIN STEEP

_ GENTLE MPDER_ATE

4

THE SITE 1S NEXT ASSESSED FOR AREAS
ORIENTED IN A SOUTHERLY GIRECTIGN FOR
MAXIMUM SOLAR EXPOSURE. ALSO, THE
PREVAILING AMD STORM WINDS WHICH MOVE
REGULARLY OR OCCASIONALLY ACROSS THE
SITE ARE PLOTTED.

PREVAILING

SUMMER BREEZES
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VEGETATION AND MOISTURE

EXISTING VEGETATION AND MOISTURE
PATTERNS ON THE SITE ARE RELATED TO THEIR
POTENTIAL FOR ASSISTANCE IN THE CREATION
OF SUN POCKETS AND FOR PROVIDING WIND
PROTECTION. THE DENSITY AND TYPE OF
VEGETATION ARE ANALYZED AND
GRAPHICALLY DEPICTED IN ORGER TO GAIN AN
UNDERSTANDING OF THE PATTERNS OF SHADE
OR PROTECTION AND AIR OR MOISTURE FLOW.
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COMPOSITE SHOWING PREFERRED SITES

A COMPOSITE IS PREPARED FROM THE
PRECEDING FACTORS SHOWING A RANKING OR
A RATING OF THE PREFERRED SITES FOR
PLACEMENT OF A SOLAR DWELLING ("a™ BEING
BEST. “b" NEXT BEST AND SO ON}

RIDGE GENTLE M_ODE:HFATE
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Siting and Orientation

Optmum solar energy utihzatior 15 achieved by the
proper placement and integraucn of the dweiling.
solar culleciors, and other sie-related acuvines and
elements on the buillding site

In addinon 1o the dwelling. the most caommaon activi-
ty areas found on residental sites include

¢ means of access (entrances 1o the site and w the
dwelling).
means ol service (service and storage areas).
areas ftor outdoor lwing {pauos, terraces, etc ),
and

® areas lor gutdeor recreation (play areas. pools.
courts, etc)

On sites where the dwelling{s} will be heated or
cooled by solar energy. additional site planning lac
tors musl be considered for accommodating solar
collection -—— either by dwelling or on-site colleciors

Each of the four major chmauc regions in the United
Siates has aferent siting and orentation considera-
tions The following ts an overview of the ‘major
determinants for each region

Cool Raegion

Mwparnum ex_osure of the dwelbng ana solar collec
tor 10 the sun 15 the pamary objective ot site plan-
ning n cool regions Sites with scuth-facing slopes
are advaniageous because they prowide maximum
exposure 10 solar radianon Quidoor living areas
should be tocated on the south sides of buildings o
take advantage ot the sun’s heat Extenior walls and
fences ~an be used 1o creale sun pockels and 1o
provide protection from chiling winter winds

Locating the dweHling on the leeward side of a hill or
in an area protecied from prevailing cold northwest
winter winds -— known as a window shadow —-
will conserve energy Evergreen vegetanon, earth
mounds (berms) and windowless insulated walls can
also be used 10 protect the north and northwest
extenior walls of bulddings from cold winter winds

Structures car, be buwilt inmo hillsides orf partially
covered with earth and planung for natural insula-
nan

WINTER WiNE




Temperate Region

In the temperate region i is vital 10 assure max-
imum exposure of the solar collectors during the
spring, fall and winter months Yo do so. the coliec-
tar should be located on the middle to upper poriion
of any slope and should be onented within an arc
10° either side of south The primary outdoor living
areas should be on the southwest side of the dwell-
ing for protection fram narth or northwest winds
Only decduous vegetaton should be used on the
south sile of the dwelling since this provides
summer shade and allows for the penetration of
winter syn

The cooling impact of winter wirnuds can be reduced
by using existing or added landforms or vegelation
on the north 31 northwest sides ol the dwelling The
stracture itself can be designed with steeply pitiched
roofs on the windward side. thus deflecung the wind
and reducing the root area affected by the winds
Blank walls garages. or sforage areas can be placed
on the north sides of the dweling To keep cold
winter winds out ot the dwelling. north entrances
should be protected with earth mounds, evergreen
vegetation, walls or fences. Qutdoor areas used dui-
ing warm weather should be designed and onented
10 take advantage of the prevailing southwest
summer breezes
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FOR CLUSTERED MULTI-FAMILY DWELLINGS,
TERRACES AND OUTDOOR LIVING AREAS
SHOULD BE INTEGRATED WITHIN THE BUILGING
CLUSTERS. THIS WILL REDUCE COLD AIR
MOVEMENT IN WINTER AND WILL CHANNEL
AND DIRECT BREEZES IN SUMMER.

STREETS AND PARKING AREAS SHADED WITH
DECIDUOUS VEGETATION WILL ALSQ CHANNEL
SUMMER BREEZES AND REDUCE RADIATION
REFLECTION WHILE ALLOWING THE SUN TO
PENETRATE DURING THE WINTER.



ROADWAYS CAN SERVE TO CHANNEL AND
DIRECT DESIRABLE BREEZES OR BLOCK
UNWANTED COLD WINDS. FOR TEMPERATE
REGIONS, AN EAST-WEST STREET ORIENTATION
CAN BEST SERVE THESE PURPOSES.

"SUN POCKETS” OR "SOLAR NOOKS" LOCATED
ON THE SOUTH SIDES OF BUILDINGS MAY HELP
EXTEND PERIODS OF SEDENTARY QUTDOOR
LIVING DURING COOLER MONTHS.

Hot-Humid Region

In hot-humid 1egions where the heating requirement
15 smail. solar collectors for heating only systeins
require maximum expasure to selar radianon primar:-
ly duning the winter months During the remainder of
the year ar movement v and through the sie and
shading are the most 'mportant site design consid-
erations However, for solar coohng or domesnc
water heating. yeat round solar collector exposure
will be required Coliector orientation wuhin an arc
10° enther side of south 15 sufficient for efficient
solar collect:on Thea drawings below and on the next
page ilystrate a number of sie planmning and design
considerations lor solar energy utthzation and energy
coaservauon

INACTIVE: ZONES —

MIMNIMIZE E45Ts
WEST PACirE WALD

RANTING SHOULD sHADE
SRUICTURE WHEHEVER: REGBE
A5 WELLAS OUTCOOR SPRCES.

ANC HAVE Gor” 1iH4eUL. -
ATION GUAUTI .
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SITE PLAN FOR HOT-HUMID REGION
ILLUSTRATING PRINCIPLES OF ORIENTATION
AND PLACEMENT OF BUILDINGS, STREETS
AND PLANTING.

CLUSTER ENDS OPEN TO ALLOW BREEZES TO

FLOW ARQUND HOUSES.

ROOF-MOUNTED SOLAR COLLECTORS —

LOCAL STREETS RLIN EAST-WEST TQ TRAP

EASTERLY BREEZES.

BUILDINGS ORIENTED FOR MAXIMUM SOLAR
COLLECTION DURING WINTER.

TREES ON THE PROPERTY LINE PROVIDE BOTH
MORNING B AFTERNOON SHADE.

PREVAILING EASTERLY BREEZES FLOW
BENEATH HIGH-CANOPY TREES WITH LITTLE
UNDERSTORY GROWTH.

VARIATION IN SETBACK ALLOWS MAXIMUM
VENTILATION.

HOUSES FACING SOUTH MUST BE DESIGNED
WITH COLLECTORS ON THE FRONT.
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Hot-Arid Region

The objectives of siting, orientation and site planning
in hot-arid regions are to maximize duration of solar
radiation exposure on the collector and to provide
shade for outdoor areas used in ‘ate morning or
afternoon. To accomplish these objectives. the
collector should be oriented south-southwest and
the outdoor living areas should be located to the
southeast of the dwelling in order to utilize early
morning sun and take advantage of shade provided
by the structure in the afterncon.

Indoor and outdoor activity areas should take max-
imum advantage of cooling breezes by increasing the
local humidity level and lowering the temperature
Thnis may be done by locating the dwelling on the
leeward side of a lake, stream, or other bodies of
water. Also. lower hillside sites will beneht from
cooler natural air movememt during early evening
and warm air movement duning early morning

Excessive glare and radiation in the outdoor environ-
ment can be reduced by providing

s small shaded parking areas or carports:

+ turf adjacent 10 the dwelling unit;

e tree shaded roadways and parking areas.

s parking areas removed from the dwelling units,
and

® gast-west orientation of narrow roadways.

Exterior wall openings shoutd face south but should
be shaded either by roof overhangs or by deciducus
irees in order to limit excessive solar radiation mnto
the dweling. The size of the windows on the easi
and west sides of the dwelling should be mimimized
in order 1o reduce radiation heat gain into the house
in early mornings and kne afternoons. Muitiple
buildings are best arranged in clusters for heat
absorption, shading opportunittes and protection
from east and wesl exposures

EODES OF WATER- CFFEP- THE
OPFROFTUNIY > FLAN R
THE CaouNGs CFFECTs oF
EVARDEATION.

Site Orientation Chart

Each chmatic region has its own distinctive charac-
teristics and conditions that influence site planning
and dwelling design for solar energy utthzation and
for energy conservatio The following chart sug-
gests the general objectives of site pianning and
dwelling design for each chmatic region as well as
some methods for achieving these objectives The
chart reflects the seasonal trade-offs made between
climatic opumums In all cases. a detailed analysis
should be undertaken to identfy the site trade-offs
between optimums for solar energy collection and
optimums for energy conservation.
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SITE ORIENTATION CHART

Objectives

Cool

Temperate

Hot Humid

Hot Arid

Adaptations

Maximize warming effects
of solar radiation. Reduce
impact of winter wind.
Avoid local chmatic ¢old
pocke1s.

Maximize warming effects
of sun in winter. Maximize
shade in summes. Reduce
impact of winter wind but
alow air circulation in
summer.

Maximize shade. Maximize
wind

Maximize shade late mor-
ning and all afternoon.
Maximize humidity Max-
imize air moyement in
summer.

Position an slope

Orientation on slope

Relation to water

Preferred winds

Clustering

Building Orientation”

Tree forms

Road orientation

Materials coloration

Low for wind shelter

South to Southeast

Near large body of water

Sheltered from North and
West

Argund sun pockets

Southeast

Deciduous trees near bldg.

Evergreens for windbreaks

Crosswise to winter wind

Madiurn: to dark

Middle-upper for solar
radiation exposure

South to Southeast

Close 1o water, but avoid
coastal fog

Avoid continenal cold
winds

Around a common, sunny
terrace

South to Southeast
Deciduous trees nearby on
west. No evergreens near
on south

Crosswise to winter wind

Medium

*Must be evaluated in terms of impact on solar collector, size, efficiency and tilt.
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High for wind

South

Near any water

Sheltered from north

Open 1o wind

South, toward prevailing wind
High canopy trees. Use
deciduous trees near

building

Broad channel, E-W axis

Light, especially tor root

Low for cool air flow

East-southeast for P.M shade

On lee side of water
Exposed to prevailing
winds

Along E-W axis. for shade
& wind

South

Trees overhanging roof if
possible

Narrow: E-W axis

Light on exposed surfaces,
dark 10 avoid reflection
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INTEGRATION OF THE BUILDING AND
SITE

Ideally. a building is designed for the specific site on
which it 15 10 be placed. Commoniy. however. a
building design may be replicated with only runor
changes on different sites and 1 diiferent climates.

Site planning salutions are not as easy to feplicate,
because each site has a unique geography. geology
and ecclogy The most appropiiate way 10 integrale
any buillding and i1s site 18 {iest 10 analyze the site
very carefully. and then 1o p'ae the bulding on the
site with a minimum of disrupuen and the greatest
recogniuon and acceptance of the sie’'s disiinclive
featlures

11 is possible. however, 10 provide general techniques
for integraung builldings with therr sites. Histoncally,
a number of such \echmques have evolved. among
which are indigenous architectural charactenstics
adapted 1o local site conditions; architectural exten-
sions to the building such as walls and covered
walks: the use of nauve matenals found on the sie:
and technigques for preserving or enhancing the
native ecology.

In each chmatic region. guidelines can be deter-
mined to help apply the many techniques available
for integrating a building and 1ts site in ways ap-
propnate o the particular region. These guidelings
gan be parucularly helpiul in maximizing energy
conservation and increasing the oppostunity for
successful use of solar heating and cooling.

The bibliography contains several decuments
pertaining to the integration of the bulding and sine

Detailed Site Design

The detailed design of a site for optimum sclar
energy udlization and energy conservation entails the
use of a variety of types of vegetation. paving,
fences, walls, overhead canopies and other natural
and man-made elements. These elements are used

to control the solar exposure, comfort and energy
effictency of the site and the dwelling.

The matenals used in site design have the ability 10
absorb. store, radiate, and deflect solar radiation as
well as 1o channel warm or cool arr flow For -
stance, trees of all sizes and types block mcorming
and outgoing solar rachation, deflect and direct the
wind. and moderate precipitation. hurmidity and
temperature in and around the stte and dwelling
Shrubs deflect wind and influence site temperature
and glare Ground covers regutate absorption and
radiation Turt nfluences cwrnal tlemperatures and 1s
less reflectrve than most paving matenals Certamn
paving surfaces. fences. walls. canopies, trelhses and
other site elements may be located an the site 10 ab-
sorb or reflect solar radiavon, channel or block winds
and expose or cover the dwelling or solar collector

DECIDUOUS TREES CAN BE USED FOR SUMMER
SUN SHADING OF THE DWELLING AND YET
ALLOW WINTER SUN PENETRATION THROUGH
THEIR BARE BRANCHES FOR SOLAR
COLLECTION. BARE BRANCHED DECIDUOUS
TREES DO, HOWEVER, CAST A SUBSTANTIAL
SHADOW AND WILL REDUCE CCLLECTION
EFFICIENCY. EVERGREENS SHADE COLLECTORS
HEAVILY ALL YEAR.

o Whinter Sun

Summer Shad»

BECAUSE TREE IS AWAY FROM HOUSE TO
AVOID SHADING ROOF COLLECTOR IN WINTER,
IT CANNOT SHADE THE SOUTH WALL OF THE
HOUSE N SUMMER.

Winter Simn

8Y MOVING COLLECTOR BACK, TREES CAN BE
GROWN NEAR THE HOUSE TO PROVIDE
SUMMER SHADE, WITHOUT ALSO SHADING
COLLECTOR IN WINTER.
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TRUS NORTH POINT A ROOF-TOP COLLECTOR

POINT B

15 ft OBJECTS

20 ft OBJECTS

25 ff OBJECTS

NOON SUN POINT X

30 1\ OBJECTS

30k
256 1t

POINT X

POINT A

20

15 fi
10N

POINT 8
Gt

SOLAR INTERFERENCE BOUNDARIES
OF INDIVIDUAL POINTS

LATITUDE 40

DECEMBER 21 WINTER SOLSTICE

EVERY POINT ON THE COLLECTOR FCR A GIVEN
LATITUDE AND DAY OF THE YEAR, HAS A SET OF
SOLAR INTERFERENCE BOUNDARIES . THESE
DEFINE THE AREAS WITHIN WHICH OBJECTS OF A
GIVEN HEIGHT ABOVE A FLAT SITE WILL CAST A
SHADOW ON THE COLLECTQR AREAS BEFORE
AND AFTER USEFUL COLLECTION HOURS ARE NOT
INCLUDED

SOLAR INTERFERENCE BOUNDARIES ARE DRAWN
BY PLOTTING IN PLAN THE POINTS OF
INTERSECTION BETWEEN THE SUN ANGLES AiD
THE VARIOUS ELEVATIONS ABOVE THE ZERO
GRADE. (SUCH AS POINT X)




SOLAR

! house |
TRUE HORTH 1_,\,“1 TR, ROOF TOP COLLECTOR
(i I'H\l 1 \ i';i;‘ - '|
/ AR
\
15 11 OBJECTS
“\ 20 h TREE
~ HERE IS OK
L
S Jod ‘
- 0 it OBIECTS
\ —
S S
~ _ . _
™. — ™~ 25 i OBJECTS
N ~
g 40 ft TREE HERE IS OK ~
N T 5 ft DROP _
\]0 ft DROP 30 H OBJECTS

8Y SHOWING THE AMOUNT 8Y WHICH THE SITE
RISES OR DROPS AWAY FROM A FLAT SITE 1T IS
POSSIBLE TO FIND THE TALLEST ALLOWABLE
OBJECT AT ANY POINT IN THE SITE.

COMPOSITE SOLAR INTERFERENCE
BOUNDARIES FOR ENTIRE COLLECTOR
LATITUDE 40

DECEMBER 21  WINTER SOLSTICE

A COMPOSITE PLAN OF THE SGLAR INTERFERENCE
BOUNDAHRIES FOR EVERY POQINT ON THE
COLLECTOR CAN BE MADE RELATIVELY SIMPLY

IF THE SITE FALLS AWAY TC THE SOUTH. LARGER
TREES CAN BE PLANTED WITHOUT SHADING THE
COLLECTOR

THE FXTRA HEIGHT ALLOWABLE CAN 8E SHOWN
fN PLAN.
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MULTIPLE BRAKING EFFECT

5H PROTECTIVE ZONE
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DEAD AIR SPACE

MULTI-LAYERED  VEGETATION  INCLUDING
CANOPY TREES AND UNDERSTORY TREES OR
SHRUBS PROVIDES A MULTIPLE BRAKING
EFFECT. SUBSTANTIALLY DECREASING THE
WIND VELOCITY MOVING OVER A SITE.

25 H PROTECTIVE ZONE

A MASS PLANTING OF TREES PROVIDES A
DEAD AIR SPACE UNDER AND AROQOUND ITSELF.
IT ALSO DECREASES THE AIR VELOCITY 5 TIMES
ITS HEIGHT TO WINDWARD AMD 25 TIMES ITS
HEIGHT TO LEEWARD OF THE PLANTING.

SHORT ZONE OF PROTECTION
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LONG ZONE OF PROTECTION

PLANTING ON THE LEEWARD SIDE OF A HILL
SUBSTANTIALLY INCKREASES THE DOWNWIND
ZONE OF REDUCED AIR VELOCITY., WHILE
PLANTING ON THE WINDWARD SIDE
CORRESPONDING DECREASES THE ZONE.




FENCES, WALLS OR VEGETATION CAN BLOCK
NATURAL AIR FLOW PATTERNS. CARE MUST BE
TAKEN DURING SITE DESIGN TO PHOVIDE THE
NECESSARY VISUAL CONTROL WHILE AVOIDING
ADVERSE CLIMATIC CONDITIONS. AS COOLER
AIR FLOWS DOWNHILL IN THE EVENING,
FENCES, WALLS OR PLANTINGS SHOULD NOYT
UNINTENTIONALLY DAM THIS FLOW AND THUS
CREATE A COLD A!R POCKET WHERE IT IS NOT
WANTED.

VEGETATION PROPERLY PLACED CAN DEFLECT
RATHER THAN DAM COLD AIR FLOW

DWELLING UNPROTECTED FROM COLD AiR
FLOW

COLD AIR TRAPPED BY FENCE

VEGETATION MAY BE PRESERVED OR PLACE

D

IN SUCH A WAY AS TO CHANNEL OR BLOCK

DAILY O SEASONAL AIR FLOW PATTERNS.

FENCE DESIGN CAN PROVIDE FOR COLD AIR
DRAINAGE
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SITE PLANNINS FOR SOLAR ENERGY
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THE FOLLOWING SITE PLAN AND DWELLING
DESIGN CONCEPT ARE INDICATIVE OF THE
SOLAR ENERGY UTILIZATION AND ENERGY
CONSERVATION CONSIDERATIONS FOR THE
COOL AND TEMPERATE REGIONS. THE
TECHNIQUES EMPLOYED INCLUDE:

¢ the use of windbreak planting:

e the orientation of road alignment with planting
on either side to channel summer breezes:

s the location of units in a configuration suggested
by the topography:

s the use of the garage to buffer the dwelling from
northwest winter winds;

e the use of berms to shelter cutdoor living
terraces; and

* the use and iocation of deciduous trees 1o hlock
or filter afternoon summer sun.

HARSH WEST AND
HORTHWEST WINDS

NOTWWEST WINDF qw
\'_ _Umm“ T I3

!}
_ f‘( Z
)*'/:f

1 [ ’
l h‘\‘ﬁp‘. fﬂ‘ ’ i " I='IJ {i. .

79




On-site Solar Collectors

In some situations. it may be deswable ar necessary
to place the solar collector at some distance from
tha dwelling When this happens. there are three
alternative apuroaches available to the sie designer
The first apnsoach s to screen the solar collector
from wview e second approach 15 to integrate the
collector with the site by the use ol earth forms
vegetauon, or archuectural elements A third ap-
proach 15 10 emphasize the collector as a design
feature

Regardless of the approach taken, on-sile solar
collectors, 1agether wath any siructural supports or
addiional equipment. may be unsightly. hazardous
and subject so vandabsm Earthfarms, pianting. and
other site elements can be used efteciively 1o hide
the collectar and associated apparaius and G ore
vENT 23sy access In some cases it 15 possible 1o use
the space under the collector o this can be done
wuhout nterfering with ats perlormance

The following tlustrations indicate several methods
by which on-siie solar collectors can be screened in-
teqrated. or emphasized. and the space under 1he
collector used, Ihrough the manipulation of
earthforms, plantng and architectural elements

Swale Bank

Fence
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Parking Lot

Hillside

Parking Structure

Summary

Site select:on. planning, and design can sigrihcantly
influence the ellecive use ot solar energy for res
dential heanng and coocling The topography, geolo
ay. sous. vegetalon, and Iocal chimale ol a building
sie should he considerad pnor 0 site selection or
buniding placement Each chimatc reqion has ts own
disuinciive charactensiics and conditions that influ
ence site planming and design for solar enargy utih
zation and lor energy conservation These should be
recogruized duning the developmem of design objec
tves for each proposed site in terms of building-
collector placement and onentation. relation of bulld.
mg-collector to wind, water, and exising vegetation,
and the ments ol clustening new vegetation, and
matenal selecuon

Besides building design and orientauon. the careful
selection and focation of all forms of planting.
paving. fences, canopies. and earithtorms can con-
tnbute to the eftectve and eflicient use of solar
energy Dwelling design and site design for the vt
zation of solar energy are complementary and should
be considered simultaneocusly thraughout the design
process




UTILIZATION ON
TRADITIONAL DWELLING

DESIGN

The use of solar energy lor space hpar g

y e g. cooling and
domestic water heating imposes certain design re-
quiremenis winch ihe gweiling design musi recogmze
Some of these requirements relate to chimatc 1ssues
such as achieving optitmum capture of solar radiation
by optimum tilf of the collecior. while others involve
the solar system components themseives. such as the
area regquirement for fiat- Diaié colieciors LOﬁSEGUeI‘I{
ly. the integration of solar heating and cooling systems
nto traditional housing styles may. 1n some insfances,
require significant changes 1in the architectural

appearance of these dwellings.

The vast majority of housing styles i the United States
have developed from a historical tradion of dwelhng
design responsive 1o local climanc condlhiong
However. over the years the reiation of housing design
1o ciimate has diminished. due in iarge pan 1o the
avalability of mechanical heatuing and cooling systems

which were not chimate dependent. Excessive cold

heat, or hllmu‘ll'\.- could he avercome simply h\: the 1urm

of a swiich which acuvitated the mechanical equip-
merit.

We are now faced with a situation where the fuei to

power the meachanical eqguinment is n shart c:nnnlu Ax
W MCal egnors T suppt

a consequence, we are beginning to look to an mhnne
fuel source — the sun — 1o heat and cool our homes
and 1o heat our domestc hot water. Because the
energy comes directly from the sun, solar dwellings

must hnrn:c:rllu resnond to the climate, This, 1n turn,
must hecessar respena 1o ing chimaile,

will influence Ihe architectural appearance of the
dwelling. The tssue. therefare, 15 the adaptauon of
familiar, traditional housing styies to the design re-
guirements for solar heating and cooling.

¥
L

The more hol_nsun dpt:un responds to climatic
factors -— using the sluf for its energy. the wind for
cooling, the earih iar insuianon. and trees and vejela-
uon for shading and protectior — the less ot an oo
solar energy systems will have on the dwelhing design
Stated another way, the maore energy-consening the

house design. the easier 1 will be to solar heai o coof

The solar dwelling concepts presented in this chapter
illustrate what radiwonal housing siyles may look ke
whan modihed {or solar heating and cooling in

difterent areas of the country The design concepts
were deveioped by the architeciurai firm of Mass-
design, located in Cambridge. Massachusetts The
rraditional tlavor of the housing style has been retained
whenever possible The housing concepts are 1l

uuuuuuu LA ) L1

lustrative of the changes n solar dwelling and system
design resuiting from ciimate difierences. The design
concepts have been prepared lor single family housing,
both attached and detached. and for low-rise mult-

farmily housing Only solar gystems which are readily

wusilg Sy sieht gl

available today bave been integrated into the designs.

A rough approximauon of solar system performance
is presented for each design concept. This provides a
general indicaton of the dwelling's heating and
domesnc hot water foad supplied by solar energy.
The solar coninbution figures are rough eéstimaies of
expected solar system performance for conceptual
dwelling designs and for generalized climauc con-
ditions The solar designs illustrated are concepis

only and are not presented as ready-to-build housing
designs. Further assisiance from design professionais
will be necessary to develop a design and solar
systemn that 15 responsive to the client's needs.
chimanc conditions and site characterisncs
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Cape Cod

The Cape Cod housing style was developed in
response o the harsh climatic conditions of the New
England and Atlantic seaboard area. iis compact fioor
plan and small exterior wall and roof area made the
house easily heated by the centrally located fireplace.
South tacing dormers allowed for ventilation, lighting,
and views at the secand level of the two story house It
could be rapidly and easily constructed on a variety of
site. and was relatively inexpensive Although well
suited 1o the natural resources and construction
techniques of colonial Amenca, the Cape Cod design
has become a favorite architectural style throughout
the United States.

Very little alteration of the traditional Cape Cod style 1s
necessary to incorporate ihe added componenis

of a solar heating system. One side of its double-
pitched roof has an area equivalent to one-half its net
floor area for solar collector installation, sufficient 10
provide a majot portion of the dwelling’s annual
heaung demand in a cool climate. Also. the traditional
steeply pitched roof is within acceptable angles of ult
for winter solar collection for most northern ¢limates.
Solar heat storage and distribution can be located in a
basement. crawl, or attic space with little or no aitera-
tion of the traditional Cape Cod design.

In the solar design concapt shown , the only
modification of the traditional Cape Cod has been the
orientation of the dormers to the north, leaving the on-
tire south facing roof arsa free for solar collectors.

The housing style i3 equally adapiable 1o eithef a
warm-air or warm-water solar heating system. Natural
ventilation is used in lieu of mechanic.al solar cooling
due to the small cooling requirement of the New
England climate. Massdesign has selected a warm-
water solar heating system for the design concept
shown. The system consists of a liquid-cooled flat-plate
collector with automatic drain down to avoid freezing.
forming the 45° roof. an insulated water storage tank
lgcated in the basement, and associated piping, valves,
and controls. Solar domestic water preheating is
provided by running the supply line for the
conventional water heater through a heat exchanger in

a2

the storage tank. The solar system 1s designed to sup-
ply approximately two-thirds of the annual heating and
domestic hot water energy needs of this 1900 square
foot house in a New England climate

North Elevation
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Saitbox

The Saltbox is a close relative of the Cape Cod housing
siyle. Like the Cape Cod, the Sattbox design developed
in response to the barsh climatic conditions of New
England. The arrangement of spaces and use of
matenals are similar in the two styles. The Saltbox
differs from the Cape Cod style in having an extended
north roof sioping to the first floor ceiling level and full
two-story southern exposure. These design changes in-
crease the enclosed floor area. decrease the exposure
of interior spaces 1o cold northwest winds and increase
the southern exposure of habitable spaces 10 the warm
winter sun.

The Saltbox. iike the Cape Cod. 15 easily adapred for
solar heaung !ts large roof area can accommaodate sut-
ficient collector azea at an acceptable tilt 1o provide the
major portion of the dweliing's heating demand in the
New England climats, provided that the house’s
traditional crientalion is reversed. with facing the ex-
tending toof stope south instead of north. A conse-
quence of this erientation is that the house should be
placed on the site with the front entrance facing north
The storage component can be located in 2 basement,
crawl space, or special starage roam. Distribution
ducts or pipes can easity be accommodated in floor,
ceiling and wall area of the Saitbox design.

The housing style is agually adaptabie to &ither a
warm-ar or a warm-water selar system. A warm-air
sysltem has been incorporated in the design concept
shown

The solar heating and solar domestic hot water
preheating are supplied by a system consisting of an
air-cooled. flat-plate collector. forming the roof at a 459
slope. an insulated heat storage bin filled with fist-
sized rocks located in the basement. a hot-water
preheat tank within the rock bin. and asscciated fans,
ductwork, dampers, centrols and insulation. This
systemn is designed (o provide approximately half to
three-quarters of the annual heating domestic hot
water energy needs of this 1200 square foot house in
a New England chmate.
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Farm House

The early housing styles of middle America were unt-
quely adapted to the cold and windy conditions of the
Nidwest and Great Plains. Originally consisting of one
roam log cabins or sod huts. the housing styles
gradually changed as the poputation grew and larger
settiements developed. Although borrowing numerous
design and construction technigues from the East.
Midwest housing stvles evolved into unique designs
suitable 10 the new climatic and geographic con-
ditions. The houses were easily heated. resistant 1o
strong winds. and adaptable to variations in orientaton
and topography.

A case in point 15 the traditional Farm House. The
house design congisted of several buildings, some-
times connected. organized around a central yard. The
buildings were usuaily one story in height, with a
sleeping foft. They were sited 10 block cold winter
winds but to capture the cooling summer breezes. The
Farm House design has changed considerably over the
years but continues to find widespread application
throughout the United States.

Massdesign has borrowed the best of the Farm House
design features for adaptation 1o sclar heating.

The roof above the living areas rises at a steep

pitch to accommodate the collector, while the
bedraom wing retains a conventional lower pitch for
economy. Two different one-story "L~ shaped plans
permit any orientation of the house on the site as
shown in the site plan diagrams. Each plan for this 3
bedroom house is accomodated economically in less
than 1600 feet. excluding garage.

The coileclor area reguirement for cool regions is
greater than for other climatic regions. As a result, to
achieve a substantial portion of the dwelling’s seasanal
heating requirement by sclar energy. the Farm House
design maximizes roof area for solar collection and
minimizes energy consumption by increased insula-
tion. double-glazed windows, and insulated shutters.
Also. solar heat storage is located beneath the house
in a basement or crawl space so that any heat loss is (o
an occupied space.

The design concept is adaptable to both a warm-arr or
warm-water solar heaung systermn The warm-water
system incorporated in the design below is sized to
supply approximately 80 percent of the dwelling’s
space heating and domestic hot water requirements
for a cool climate The sotar heating system consists of
a hquid-cooled, flat-plate cellector. a buned waiter
storage lank: and associated piping pumps, valves.
and contrals. Bomestic hot water 1s preheated by run-
ning the supply ne through a heal exchanger in the
storage tank, and then a conventional water heater

i
g

First Floor
Dasign A

First Floor
Design B
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Southern Ranch

The hot-humid chmate of the Soulh Atlanuc Seaboard.
Gulf Coast, and southern portion of Califormia 15 suited
10 housing styles which allow rnaximum heat loss and
minimum heat gain during the summer months. A
“ranch’’ type housing style has developed which is
responsive 1¢ both of these concerns. It ncorporates
large window and louver areas for natural ventilation
and extended roof averhangs for protection from direct
solar heat gain. The one story plan arrangement Con-
taining 1750 square feet 15 open and spread out 0
capture and channe! air movement through the house
Although cooling 1s the primaty design condition,
heating is required 4 to 5 months out of the year.
Therefore. the house s also propurly insulated for
easier heating during the winter months Wall and roof
insulation. daouble-layered glass in all doors and win-
dows. and large scuthern exposed window area add
substantially to the thermai performance of the house

The energy conserving design, along with the low
heating requirement of the climate, makes the
Southern Ranch easily adapted to solar heating Since
the heating load is relatively smali. the roof area re-
quired for solar collectors is also small The Ranch
design shown here accommodates the required
collector area and tilt by the use of a raised roof area
lacated over the living-ciming room The celling of a
partion of the living-dinng room follows the shape of
the raised roof area, thus forming an interesting in-
terior space. Solar heat storage and distribution are
easly accommodated with only minor ~hanges 1o the
architectural siyle. The solar heatng system con-
sists of an ar-cooled. tlat-plate coltector; a buned rock
storage bin and associated ductwork, fans, dampers
and contrals. Salar domesuc water preheating is
provided by a preheat tank located in the storage bin.
Solar cooling is not included in lieuw of natural ventila-
tion The collecior can be mounted on either side of the
raised roof. This. combined with rotation of the "L"”
shaped plan, allows the house to fit most suburban
lots, regardless of the direction of the street. The
design shown has the additioral advantage that the
collector is far from the lot lina, minimizing collector
shading from neighboring trees.
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The collector and storage area 15 sufficiem 10 provide
approximately 80 percent of the dwelling's heaung
requirement and domestic bot water load tor a hot-
humid chimate.
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Adobhe

The architectural style of the Southwest has evolved L
from a combination of climatic and cuttural influences.
Adobe construction, characteristic of the region, 1s
weil-suited 10 the wide fluctuation in temperature ex-
perienced between day and night. The adobe walls act
as a heat sink. absorbing the heat duning the day and
radiating it to the interior at night. The various Indian
communities of the region developed this unigue con-
struction technique to a fine art prior 1o the arrival of
the Spaniards in 1540, It was the Spaniards who
called the native inhahitants Pueblo indians because of
the communal environment in which they lived. The
Spaniards adopted the same materials of adobe and
native rock for their house construction.

This Massdesign concept retains the architec-
tural flavor of the region, while a1 the same time incor- meEs” )
poratung solar heating. The traditional flat roof of the y -5l A% feg b D : e
Pueblo structures simplifies the integration of the solar
' . — N AV b
collectors into the housing design  Two raise * | I i N NG 2
enclosures along the south edge of the roof house the ;J.w-,,_.,. R Y s s o Y
ety h)

two banks of flat-plate solar collectors. The collectors ) im0
are positioned at a steep but acceptable angle for s e Lo
collecting maximum radiation during the heating motie T :

seasen. The storage and distribution components of
the sotar system are easily integrated into the one story
structure. The storage bin and distribution ducts are
both located under the concrete floor stab. Dampers
and filters are reached by access panels jocated in the
floor. This allows adjustment and cleaning without un-
necessary disruption 1o the house.

Solar heanng and solar domestic hot water preheating
are supplied by a systern consisting of an air-cooled,
flat-plate collector; a rock pile storage bin; a preheat
tank located in storage; and associated ducts.
dampers. controls, and insulation. The solar heating
system 15 designed 1o supply approximately 85 percent
ol this 2000 square foot dwelling’s heating require-
ment and domestic hot water needs.
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Brick Colonial

Jusi as the Cape Cod and Saltbox designs are favorites
in New England, house styles based upon the beautiful
brick Queen Anne and early Georgian masterpieces of
the Auantic Seaboard and Tidewater Virginia have a
continuing populanty south of New England

Typicai of the Brick Colonial style are the decarative
center entrance, spacious central hallway. flanking
chimneys at each end, brick exterior walls and fre-
quently symmetnical wings The Brick Colonial design
shown below retains the architectural flavor of the
traditional Colonial style.'while at the same bme incor-
porating solar heating. The 1900 square foot design

has a central entrance and gengrous parch area 1o cap-

ture east, south. and westerly breezes The sloped
south-tazing rool has sufficient area for solar collection
installation 1o provide a considerable porton of the
dwelling’s heating reguirement in a3 Mid-Atlanuc
climate The screened porch roof could be coated with
a reflective surface to increase wcident radiation on
the collector, thus improwing solar system perfor-
mance. Ample space in the basement {reached from
the garage) 1s provided for solar heat storage and dis-
tripution.

The solar heatng system cansists of 8 liquid-cooled.
flat-plate collectar, a -wvater siorage tank and assocr-
ated piping. pumps. valves. and controls Domestic hot
water 5 preheated by running the supply iing through
the heat exchanger «n the starage tank and then to the
conventonal water heater The system s designed to
supply approximately 85 percent of the annual space
heating and domestic hot water requirement for a hot-
humid or het-and chmate. [na cooler chimz e, the
system could supply about 40 percent solar heanng
and 7C percent water heating

£8

Aaerial View
From South




Contemporary Split Entry

The Split Entry bievel house 15 a relatively new
housing style that has become poputar throughout the
United States during the past 15 years The Split Entry
design achieves housing economies by staying within
a rectangular plan and building the lower story into the
hillside. The desigr developed by Massdesign 1§
typical of the more contemporary versions. with an
averhanging upper floor, simple construction details,
and a deck off the upper floor.

Heating the Split Entry with solar energy requires
modifying the conventional roof pitches 10 accom-
modate the solar collectors, and orienting the dwelling
to receive optimurn solar radiation. The ideal building
orientation from an architectural standpaint has :he
back of the house facing south with the masn entrance
from the north. However, by revarsing the roof pitches.
the reverse onentation 1s aisg possible but with lass
desirable results, pnmarily because the living spaces
would be oriented away from the sun.

Accommodanng the required collector ult for either
orientation requires increasing the pitch of the
traditional roofs. As shown below, the roof pitch on the
south side 15 steeper than on the north, resulting n an
asymmetrical roof design.

The house plan places cne bedraom upstairs and twa
downstairs, with the primary living spaces along the
south side of the house, and contains about 1850 sq.
ft. Providing the occupants do not draw the curtains on
sunny winter days. causing the living spaces to over-
heat samewhat, considerable solar heat couid he cap-
tured through large areas of south glass. The use of in-
sulating drapes or shutters at night will greatly reduce
the heat lgss through these large areas of glass, retan-
ing the captured heat and making a useful contribution
1o the heating neds of the house. (The design corcept
shown has only a moderate amount of south-
facing glass area )

A warm-water solar heating system is incorporated
into the design. A warm-air solar system coukd

also have been seiected, provided sufficient wall
and floor area were set aside for ducts from collector to

storage. and from storage to distrit:ution throughout
the house. The warm-water system consists of a iquid-
cooled. flat-plate collector; an insulated waler storage
tank located beneath the entry hall and associated pip-
ing. pumps, valves, and contrals. Distribution of heat
thioughout the house is by baseboard convectors,
although a forced-air duct system could have been
c¢hosen. Domestic hot water is preheated by passing
the supply ine through a heat exchanger in the storage
tank before feeding a conventional water heater

The solar system will provide an estimated 50 1o 60
percent of the dwelhngs heaung and domesuc hot

water heating requirernents in a cool climate and up to
70 or 80 percent in a temperate or warmer chmate
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Northern Townhouse —

The architectural form of the Northern Townhouse
design shown helow. borrows many features from
the Cape Cod housing style, and adapts them 1o the
requirements of attached houses — thouses built in
rows with shared party walls separating adjacent
units). The design is typical of many townhouses built
in recent years in New England and other cold and
termperate chimates. Same of the traditional architec-
turaf details of the Cape Cod style, such as shutters. & &
are eliminated in this design in favor of clean simple :m ;ng 04 {z :
moldings. but the traditional clapboard siding is STORE & e
retained. SEVERAL 1

COLLECTOR

N

ELECTRIC
BASEBOARD
COMVECTORS

CONVECTORS

£ ] ! t | [
_ | e Second Floor First Floor
Four dwelling units are inciuded in the townhouse —xe
cluster; each with three bedrooms, 2% baths, a small Schematic Section

farmily room. a kitchen and a large Ivinn-dining room in
a compact plan of 1,600 square feet A twa-story
space under the collector provides a dramatic high
ceiling over the living room and stairway. The sloping
south-facing root which houses the solar collector is
penetratad by a small protected terrace that provides

light and air 10 he master bedroom.

Fa
N

The solar collectors located on each dwelling unit in
one row feec a single shared storage tank buried out- =
side the townhouse cluster or located in a basement >
The economic advantage of such an arrangement, -
combined with the intrinsically lower heat loss of com-

pact attached dwellings. make townhouses excellent
candidates for solar heaung Piping. controls, and other =
components of the solar system are easily inlegrated
within the townhouse structure, thus reguiring littie
alteration to the buillding design. : - -

A warm-water solar system 1s incorporated ino the ey o T T e
design concept shown. The system provides ap- - v, Pt e e
proximately 80% of the total Townhouse heating and = .
domaestic hot water heaung for a cool or temperate & .

climate.
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jorthern Rowhouse

he Rowhouse design concept by Massdesign s
nother modern adaptation of a traditional architec-
Jral style. Each two-story rowhouse has 8 compact.
.conamical plan with 3 bedrooms and 2'2 baths in
ass than 1.600 square feet The houses are oriented
o show how solar caliectors could he integrated with
he roof structure ¢f buildings facing in an east and
vest direction {unlike the Northern Townhouse). Such
in arrangement would be necessary if several rows of
wuses were organized around 2 central courtyard.
vhere some rows would be onented perpendicuiar 10
he others This kind of flexibihty can be very helpful in
leveloping nteresting sie plans. or adapiing housing
fesigns 1o difficult contours or restricted site boun-
{aries.

‘ach bank of collectors ends in 2 traditional gable,
mith a near-flat rool between In areas of heavy
snow. 11 would be adwisabie 10 raise the botom of
he collectar higher above this intermediate roof than
5 shown 1n the sketch. 1o avoid an excessive build-
s;p of snow at the base of the collector. Between
sach gable at the front 15 a sloping roof which
‘saches down to the first story. helping to break up
‘he scale of these small houses, and helping to avold
3 Jactory-like “sawtooth” roof. The angle between
the top of a collector and the base of the one adja-
sent must be calculated carefully to avoid excessive
sell-shading

An indwidual or shared solar collection and storage
system can be uiihzed in the rowhouse concept How-
aver. as mentioned in the description of the Northern
Townhouse. there are significant econormic and
operauonal advantages with a shared collection and
storage solar systern Either a warm-ait of warm-water
solar system can be integrated into the rowhouse
design Water 1s perhaps a more econormical choice
because of the transport distances involved and the fire
separation problems between houses caused by ar
duct penetration through fire walls.

The solar system is designed 10 supply approximately
50 percent of the heating requirement of each row-
house in a cold climate. The solar domestic hot water
systermn, on the other hand. should supply about 75
percent of the hot water demand of each rowhouse

Nm!herpownhouse
{pollectnr on Entry Side)

Site Plan

Second Fioor First Floor
—muw NP
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Brick Townhouse

Solar heating and coeling can be as much 3 part of an
urban situation as a suburban or rural setvng. The
8rick Townhouse design concept shown  (liyus-
trates the application of a sitnple roof-mounted solar
collector arrangemant to a typical medium density ur-
ban situanon. [he design shown has iwo staries. bui it
15 possible 10 use the same collector concept on a
three or four story design

The design cancept has wide apphcability tar infill row
housing n the built-up sections of a ciy. However.
certain design requitements must he met in order 1o
assure the satistactory performance of the solar
system For example, when the collectors run parallel
1o the street. as shown in the large perspective

the street must run roughly In an east-west direction
for pracucal sotar collection. A design with a gable end
wward the street {simifar 1o the northern rowhousel 15
shown in a small sketch. but the resuiting architectural
expression s visually less satistactory in an urban con-
text than the one shown, in which the callectors are
integrated with the townhouse i the lorm of a glazed
mansard rcof To solve every possible streat onenta-
non. a design with colleciors running at an angle to the
building would aiso be required, again shown in a
small sketch

For all the varnious design candimions, however. the
ndge of each bank of collectors must be far enough
from the next bank of coilectors o the north, 1o avoud
excessive shading dunng periods of solar coilection. In
addition, the buildings and trees around the houses
should not imparr solar collection to the exteni that it
becomes economically unfeasihle. A newghborhood
with continuous wo. three and four story bulldings and
relatvely small sireet and backyard trees would he
ideat

Solar heat storage can be placed anywhere within the
buiding siructure but 1s generally locaed in a base-
ment space Pioing or duct runs from the collectnr [}
storage are easily accornmodatad within mechamical
chases generally associated with townhouse construc-
tion
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With careful anaiysis and design integration, solar
heatng in the heart of the city can be 3 pracucal and
atiractive possibility

Aerial View with e D
Street toward West -
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Mid-Atlantic Garden Apartments

The garden apartment is a relatively new housing style
in the United States. Whereas rowhousas and town-
houses are most often associated with an urban situa-
tion. garden apariments are generally associated with
a suburban setting. With more developable lang areas
than an urban setting. garden apariment desion Is

able 1o utlize the natural topography, vegetation, and
cenditions of ihe site to their best advantage

The garden apartments shown step up a gentte
slope in blocks of four units. Each unit 1s a two-bed-
room design. although vanicus combinations could
easily be developed. The living unit is entered through
a gallery off which are the kitchen and fiving room. A
fireplace. located in the living room, is included n each
apartment unit. Since the flue of the hreplace would
pass thraugh the solar collectors mounted on the
south roof f extended vertically. the chimney flue
slopes within the attic space tc emerge on the north
side of the roof. Also, each apartment unmit block 1s sét
back from its neighbor as they step up the hill, thus
allowing the plane of the solar colleciors to continue
unbraken, while avoiding problems of collector
shading caused by breaks in the roof plane.

Floor Plan {ground floor unit shown}

The design incorparates a warm-waler solar system. A
central water storage tank is buned in an accessible
location adjacent the building. carefully insulated and
protected from moisture. Transport lines from the
collector to storage and from storage to apartment dis-
ribution are also heavily insulated to minimize heat
toss. The large attic space created by a 45° roof pitch
necessary for solar collection is used for apartment
storage in the absence ot a basement space in the
design.

it ~""“¢
m |

|I'|| I 3
il m, s

With the Jarge area of solar collectors shown, the
design should he capable of supplying BO percent of
the garden apartmesiis heating demand in a temperate
climate and almost all of the domestic hot water
requirament.
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in-Town Apartments

The three-story brick-faced apariment building shown
below is designed far a Southern or Mid-Atlantic urban
or high-density suburban site. Although thoroughiy
modern in s appearance. with a concrete frame. large
glass areas and pracast concrete lintels, its curved
arches. traditiona) brick and black metal railings retain
the architectural spirit of older buldings in these
southern areas In many histonc urban settings. this
building could 1ake its place without destroying the
canunuity and scale of the older builldings.

The metal railings serve two purposes  First they
help unite the new building with the old setting; and
second, the railngs help 10 subdue the large-scaled,
tilted solar collector banks on the roof behind a famihar
visual efement. Uniike a sclid parapet, however, the
open railings do not completely shade the ends and
lower parts of the collectors during the hours of low
sun -—— common during the heatng season  The
screening 1s accomplished without a noticeable 1oss in
system performance.

The rows of reol top collectors are mounted at the op-
timum tlt on rigid frames anached to the roof struc-
ture. The design concept employs a warm-water selar
system with piping running between the coliector
banks to a large central water storage tank in the base-
ment. The heated water 1s pumped from storage o the
indwvidual apartments for distribution by fan coill units
With such an arrangement the architectural modifica-

Aerial Viow
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nons required to integrate the system are minor and as
Iong as the buiding 1s designed to be energy conserv-
ing, the solar system should satisty @ major percent-
age of the building’s heating needs For climates with a
large cooling requirement, solar assisted cooling may
be feasible. 1t may be necessary in these cases 10

gesign the collectors so that the angle of tilt may be
adjusied from heating optimum 10 cookling ophmum
The design as shown has sufficient coliector area and
storage capacity 1o provide appsoximately 90 percent
of the buildings heaung and domesuc hot water de-
mand with solar energy
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Balcony-Access Apartments

The Balcony-Access Apariments shown below are
arganized around a central garden courtyard. The
apartment design is typical of units that are built in
climatas where extenar access is acceplable. The
design incorporatas several solar collector concepts.
Concentrating collectors. appropriate for regions with
clear sunny weather, are mounted on the roof, while
liquid-cooled flat-plate collectors are mounted verti-
cally on the railings of each floor

The roof collector 1s a type of linear concentrator with
the long axis running east-west. A tracking mecharism
keeps the sun facussed on the absorber by rotating the
reflector and its glazed cover around the absorber. 10
fallow the sun's apparent up and down monon as it
crosses the sky. The concentrated solar energy
produces high teamperatures in the working fluid. usefu!
lor summer cooling as well as winter heating.

Supplemenung the energy captured by the concen-
trating collectors on the root are fixed vertical flat-plate
collectors mounted on the railings of the balconies ser-
ving the upper floors. These collectors operate only
during the winter since in the summer ther vertical ult
angle allows them to cellect relatively hittle heat in
southern latitudes For the railing collectors (o operate
efficiently. tbe courtyard must be wide enough and the
vegelation in them low enough to let the low winter
syn sirtke the collectors.

Energy captured by both collector systems is removed
by a working fiud and stored n a central compart-
mentalized heat storage tank. During the heating
season, the heated fluid is pumped from storage to fan
coil units located m sach apartment. An energy boost
is supplied by a central auxiliary boiler if starage
temperatures are not sufficient for apartment heating.
Buring the cooling season, the heated fluid is used 10
power a low-temperature absorption-cycle cooling
system. The cooled fluid is again pumped to the fan
coil units ivcated in 2ach apartment for distributisn.
Domestic hot water is preheated by passing the supply
lineg through a heat exchanger located within the cen-
tral storage tank.

The system shouid be able 10 supply most of the
building’s yearly heating and hot water load, and a

good part of the conling load. for the coldest cimate in
which balcony-access apartments are acceptable

S
Site Section
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SOLAR DWELLING DESIGN
CONCEPTS

Climate, comfort. building characteristics, and solar
systems shape the design of solar dwellings. Ad-
ditonally, the local conditions of the building site
and the surrounding neighborhcod affect design
decisions and choices. These factors have ueen dis-
cussed an an individual and isclated basis or as they
influence traditional housing styles. Dwslling design
responsive to the demands of sun and climate will
give rise to architectural styles particularly suited to
gach climatic region. The Pueblo structures of the
hot-arid southwest and the “saltbox”™ homes of New
England are examples of housing styles responsive
to the sun and climate of their particular region.

The last chapter focused on a number of housing
styles which have evolved from a traditignal. intuitive
approach to architectural design. There are, hawever,
new architectural styles emerging from a reinter-
pretation of these traditional beginnings. They have
as a major form-giving element the utilization of
solar energy for heating and cooling. This chapter
provides a brief glimpse of the beginnings of an
architactural style which is responsive both to the
historic tradition of regional architecture and to the
demands of solar heating and cooling.

The following solar dwelling design concepts are
three dimensional expressions of the solar design
determinants that have shaped them. Climats. in
most cases, is the primary form-giving factor, while
in others the solar system or the architectural image
is the primary concern. It must be clearly understood
that the concepts are only representative examples
of solar dwefling design and should be viewed as
such. They are not the optimal or the best or the

end-all in solar dwelling design. The design concepts
have been deveioped 1o illustrate the wnnciples of
solar dwelling design and provide an inkling of what
solar dwellings may look like for vancus chmaies
and solar systems. The solar dwelling design ap-
propnate for a particular client in a specific chmate
at a specific site will be as vaned as there are
chents. climates. and sies.

The concepts are presented not as housing designs
ready to build but as a basis for future solar design
by professionals and as a basis for increased un-
derstanding by clients. the generat pubiic. and pohcy
makers. It should be clear to everyone that solar
dwelling design is an architectural challenge as
much as. if not more than. a mechanical engineering
development.

Representative Solar Dwelling Designs

The focus of these residential design concepts 15 on
single family, low-rise multi-family, and mobile
homes. The designs have heen developed for
diffterent climatic condiions and for ditferent solar
systems. Each desian, therefare, is responsive 10 a
unigue probtem (design) context made up of three
variables: dwelling type. climatic region, and solar
system. The designers — architects and engineers
throughout the United S: tes — working within their
unique problem (design) context have proceeded
from the analysis of design determinanis to the
deveiopment of responsive design solutions.

What follows are a number of solar dwelling design
conhcepts responsive to different combinations of
context variables. The designs are presented as brief
case studies, organized by housing type. Each case
study includes one or more solar dwelling designs.
The solar concepts focus on two issues: 1) the in-
tegration of different solar systems into differemt
housing types. and 2} the integration of solar dwell-
ing concepts into different climatic regions.

Totwa! Environmental Action (TEA), for instance,
selected a solar system applicable to differe.:
climatic regions of the United States and incor-
porated this system into four single family housing

designs appropniale to each remon. The Architects
Taos, en the other hand. devs :w.' one pratotypical
solar dwelhng design and -7 .ooted the changes
required to adapt/modify the ... .ung and solar
system 10 different chmatic regrons Donald Watson,
Architect, focused on the architectural factors in-
fluencing flat-plate collector area and its integrauon
with other collecior concepts and architectural
features dunng the development of a single family.
solar dwelling concept for cool-temperate climates

Similar analyses were undertaken by Giffels Associ-
ates. Joint Venture, and the Continuum Team for
multi-family housing. The Giffels’ design task was
identical to TEA's. except that the solar system was
integrated into a muiti-family housing design. Joint
Venture documentegd the design changes and oppor-
nities created by the ntegration and utilization of
different solar systems i multi-family housing. and
the Continuum Team developed a modular living unit
adaptable toc different solar systems and different
chimates.

The adaptation of mobile homes for use of solar
energy systems was the focus of the design task per-
formed by RTL, Inc. The resultant mobile home con-
cepts were designed to accommodate the solar
systemn through varying geographic and climatic
regions and from an individual unit 1o mobile home
park application.

The designers were not specifically asked 1o address
the issue of dwelling and solar system Gost.
However, they were asked 1o base their design
decisions upon acceptable architectural and con-
struction practices with an atiention to cost. matsrial
selection, and energy conservation. In addition, the
solar systems selected for integration into the dwell-
ing design concept were to be developed to a point
of demonstrated practicality. In some ceses, the
designers did in fact develop detailed cost data for
the dwelling and solar system while in others only a
“ball park” figure was nrepared. For further infor-
rmation regarding the economics of solar energy
utilization, the reader is referred to ihe bibliography.
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Total Environmental Action {1.E.A.} of Harrisville,
New Hampshire has designed a sinale family solar
dwelling for each of the four chimates of the United
Siates. The design concept for each clhimatic region
is based upon the same generic solar system and
the same architectural program requirements The
solar system 15 a warm-air type with variaton in
collectar, storaqe. and dis‘ribution design depending
on climate. heating load and architectural design
requirements. The architectural pragram 1s based
upon the requirements of a family of two adults and

BACKGROUND DATA

ARCHITECT: Total Enwronmental Action
CLIMATIC REGION: Temperate
BUILDING TYPE: Single-family detached
AREA: 906 sq. fi heated floor area

SOLAR SYSTEM

SOLLECTOR: Air-cooled fiat-plate

STORAGE: Central rock tun, therrral mass-
walls/fluors/water tanks

DISTRIBUTION: Forced air. natural rachation
AUXILIARY ENERGY: Oil-fired furnace. heating/storage
DOMESTIC HOT WATER: Preheat tank in rock bin. con-
ventional tankless heater auxiliary

SPACE COOLING: Natural ventilation
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two children. T.E A’'s solar design concepts. although
based upen these constant design parameters, are
sybstanually different for 2ach chmatic region due 10
variations in the amount and type of solar radiation,
other chimatic factors, site conditons, and the
heaung and cooling load of the dwelling

The first design 1s for a temperate zhmate The
energy requirement {or temperate (egions includes
both heating and cooling” and humid condiigns are
also prevalent dunng 1he hot summer months.

TE A’s respanse to these conditions has been 10
develop a flexible dwellng and solar system design
During the winter, a south-facing greenhouse on the
second ievel and a flat-plate collecior located on the
third level capture solar radiation to heat the house
However, durnng the summer months. the green-
house can be closed off and naturai venulation
created by opening the windows and solar collector
manifalds

The solar heaung sysiem uses air as the heal




transter mechurn avoiding problems of freezing

and higher main.enance costs associatied with liquia
cooled, flat-plate coliectors. The collector totals 345
square feet and is tilted to an angle of 60 degrees
Heat ., siored in an insulated tank filled with 350
cubic feet of fist-sized rocks located in the basement
The heated air from the collectors enters the top of
the storage container, transfers 1is heai 10 the
stones, and exits at the bottom of the contamner
Distbuton to the living spaces is accomphshed by
hot air blown through ducts. Air s drawn from return
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air ducts thraugh storage where 15 heated and cir-

culated 1o the hwving spaces Two blowers operate
the distribution throughout the enure system

The system has been designed 10 provide 60 percent
of the dwelling’s seasonal heaung load The balance of
the heat load is provided by an o:l-lired hot air awliary
system located adjacent 10 the heat slorage rank

The deomestic hot water tank 1s located within the
rock stirage comainer Depending on the tempera-
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iure of storage. the water 1s heated 10 a useiy!
ternperature or simply prehbeated before being healed
convenqaonally Solar energy wili satisly beiween 45
and 69 percent of the annual domesnc hat waler
demaid
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T EA's second desion 1s representative of the con-
cerns for dwelling design in cool chimates; namely.
reduction of heat loss and ut:lizatuon of sular heat
gan. The dwelling form and site pian have been
developed to reduce heat loss by biocking coid
winter winds and increasing solar heat gamn by max-
irmizing the building’s southern expesure In addition,
the primary building material 15 concrete masonry
units with insulation applied to the extenor of the
outside walls, thus increasing the thermal mass in-
side the occupied spaces Closets are located on the

BACKGROUND DATA

ARCHITECT: Total Environmental Acuon
CLIMATIC REGION: Cootl

BUILDING TYPE: Single-lamily detached
AREA: 1380 sq ft heated Hoor frea

SOLAR SYSTEM

COLLECTOR: Ar-cooled flat-place, south-facing windows
w/ mnsulated shulters

STORAGE: Ceniral storage wall hlled with rock. thermal
mass walls. floors

DISTRIBUTION: Forced ar. natural radauon
AUXILIABY ENERGY: Gas fired furnace. heating/storage
DOMESTIC HOT WATER: Liquid-cooled flat-plate ¢ -iec-
tor w/ preheat tank. gas-fired auxihary

SPACE COOLING: Natural ventilatcn
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north wails for added insulauon Also. al' windows
have muluple glazing t© (educe heai loss. and are
operable to induce venulation when required

The solar system consisis of two banks of vertical air
collectors which form the south walls of the dwell-
ing. a central heat storage cawity wall of B-inch con-
crete masonry units with a 4-inch cawvity filled with
fist-sized rocks, and a distnibution component of 8-
incit hollow concrete flece planks which span from
the ceniral heat storage wall 1o the vertical solar

coliectors The hollow floor planks act as ducts
beween ihe colleciars and ctorage and also as
added storage capacity A flat floor extension
provides shading for the second level windows and a
relecung surface for thiud level solar collectors.
thereby ncreasing the incident radiation on the
collectors. especiatly 10 winter months

Two fans are used to circulate arr through the first
and thied level solar colleciors 1o the heat storaga
mass The cores of the concretle fioor clanks are




used to distnbute ar throughoud the dwellng and
solar system. Aur return s accommodated by
operating transems above doors opening on ihe cen:
tral stairway, which acts as a plenum refwrung ar 1o
the auxiliary furnace ar intake on the ground level
Automatic and manual dampers controt the flow o
air throughout the system. A gas-fired ausihary
heater warms air (o heat the thermal starage mass,
should the solar system fail w function or to provide
for the dwelling's total energy requirement

LEVEL 1
S0

[ PR—
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Domestic hot water 15 heated by a liguid-cooled fiat-
plaie collector located on the south{acmg roof deck
at an angle of 45 deqrees The collectar s con-
naected 0 a domesuc hot water preheal wank localed
above a convenhonal hot water heater in the entry.
utlity space The water 15 pumped trom thz boltem
of the preheat tank through the solar coliector where
it 15 heated, and passed back 1 the prehear tank
where 11 15 avalable for distribution Cool water fram
the street water man 15 supphed 10 the boitom of
the preheatl tank 10 provide waler as required for the
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house hot water supply The solar hot water collec
wor drans automancally when the pump s wurned oft
This allows the use of a total water sysierm which
does not requwe antfieeze 10 the collector 1nop

The warin-ar solar systern nas been esumated 1o

provide 40 percent ol the seasonal heating load The
separate domestic Dot water solar system provides
60 percent of the energy for domestic water heating
The dwelling and site have been desioned 1 mas
imize natural ventdauon in hey of ar condiwoning.

which 1s rarely needed 1in cool chimales

SECTION @d)

AR ConLES Tk

ke sk
[ty

AN COuEC Km

101




TEA's solar concept for a hot-humid chimate
provides for maximum heat loss. prevention of hoat
gamn, and removal of excess heat and humidity by
natural ventilation. Instead of a compact. heavily in-
sulated multi-leveled layout common-to ceol or
temperata climates, the design concepi is open and
spread out to direct and capture seasonal and daily
winds The dwelling’s solar and conventional energy
systens make up the winter heating demand not
provided by direct collection through the dweiling's
many south-facing windows.

BACKGROUND DATA

ARCHITECT: Total Environmental Acben
CLIMATIC REGION: Hot-humid
BUILDING TYPE: Single-family detached
AREA: 1144 sq. ft heated floor area

SOLAR SYSTEM

COLLECTOR: Airr-cooled flat-ptate. south facing windows,
greenhouse

STORAGE: Containerized water. thermal mass walls/floor
DISTRIBUTION: Forced air. natural 1adiation
AUXILIARY ENERGY: Elacirical resistance heating storage
DOMESTIC HOT WATER: Liquid-cocled flat-plate collec-
tor thermosyphoning into preheat tank and electric water
heater

SPAGE COOLING: Forced ventilation
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Hot-humid areas are charactenzed by hegh air cold winter winds will be deflected away Irom the
temperatures and relative humidity  Considerable ar south-tacing glass a:ea v neighbanng builldings or by
mavement is necessary 1o bnng this combinaucn of vegetauion 1o the west

high temperature and hunudity into the comfort

zone The house is designed to take maximum ad- The solar system consists of an ar-cooled flat-plate
vaniage of winds passing through the buillding sie collectos. two water container siorage closets and
Summer v--:.-'e are constart and from the south- celing d:swibution ducung The south-facing win-

west. The “. shaped plan of the house and the dows and greenhouse are also deswgred 1o coliect
operable window design of the bedroom wing wall solar rachation There 15 suthcient mass m the hall of
are intended 10 collect and focus southwest winds the bedroom wing. the back wall of the qreenhouse,

through the house. The house should be sited so that ard 4-inch concrete floo: slab throughout the huuse

Aerial view
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10 provide thermal storage for one winter day's heat
demand.

Domestic hot water is heated by a separate hgquid-
cooled flat-piate collector organized 1n a thermo-
syphoning arrangement — slorage tank located
above the coliector so that heated water nses info
the tank. The water flows from storage by grawvity
through a convenuonal water heater where it 1s
heated again if necessary and distributed to points of
use.

The solar heatng system operates as follows Air is
drawn intc the inlet manifold at the bottom of the
collector from the bottom of both the storage
spaces ~“Cool’ ar frcm the bottom of storage ther-
masyphons up through the collectar  This air
movement 15 aided by a fan below the outlet
manifold in the single down feed duct Only one fan
15 used for the entire closed heat coflection system
The collected "hot” air is ducted back into the tops
of the two siorage chambers. The entire syslem 15 a
closed loop system and the air will conunue down
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SSTEM  SCHEMATH

through the sior-ne and back up through the collec-
tor again. (picking ap more heatl by the combined
action of verucal thermasyphoning and the fan
Water used as thermal storage ts heid in stacked 20-
gallon molded plastic containers These are designed
o interlock together forming zig-zag diagonnal arr
ducts that run from the t(op to the bottom of the
chamber The total storage volume 1s 370 cubic teet
50 percent of which 1s void space

Hot air s distnbuted 1o the house from the top of
each storage enclosure  One duct from  each
enclosure requires one distnbunen fan per storage
area Al heated areas are supplied from these dis.
mibuucn ducts The bedrooms and bathroom are
heated by one slorage wall and the hwing and
kiichen areas by the other Hedt enters at the ceiting
i each room. and as 11 cools falls down and into
1hee returns which are mounted i the lloor

The solp system hgs been designed 1o supply ap
prosarnately 708 ol the dwelling’s heauneg re
qurements and up w 90% ot the domeste ho
water lnad

Section aa
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TE.A s design concept for a hot-arid chmate incor-
porates numersus climate control  strategies
reminiscent of the Pueblo Indian structures The
dwelling has a compact two story plan. small ex-
tenior openings, and massive adobe walls. Also. an
effort has been made to reduce overall heat gawn
during the summer months. Unshaded glass area on
the south, west, and east walis 15 hmited 10 24
square feet Adgditional shaded glass area 1s concen-
irated on the lower floor. seen as the location of
dayume actwiues  On this floor. deep

most

BACKGROUNYD DATA

ARCHITECY: Toial towronmental Achon
CLUMATIC REGION: Hot-ard
BUILDING TYPE: Single family detached
AREA: .C25 sg f1 heated floor area

SOLAR SYSTEM

COLLECTOR: Awr-cooled llat-plate. south facing windows
STORAGE: Containenzed water. rock storage beneaih
floar, thermal mass fioors/walis

DISTRIBUTION: Forced air, natural radiation
-AUXILIARY ENERGY: Electrical resistance
heaung/storsge

DOMESTIC HOT WATER: Liquid cooled flai-plate ther-
mogsyphoning into preheat tank, auxihary

SPACE COOLING: Natural ventilation, interiof ponds
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averhangs. vertical shading devices. and ground con-
tours shaped to minimize reflection :nto the dwelling
keep out the migh summer sun while admiting mosi
ol the lower winter sun

Solar radiation 15 cantured for space heaung by
south-facing verucal warm air collectors Domestic
hol water 1s heated by a roof mounted hguid-cooled
fiat-plate collector a1 a 40 degree ult. thermo
syphoming into a 150 gallen storage tank Cooling 1s
achieved by crrculauon of cool mghtume air through

starage, by a large roof monitor located over the
starrweil, and by an interior/exterior water poaol
cooied at mght by radiauon 10 the sky. and n turn
cooling and hurmiditying the inside during the day

Relauvely high outdoor air temperatures during the
heating season m hot-and regwns permit the use of
higher operaung temperatures in the collecior than 1s
possible in ¢cool or temperate chimates As a resull,
the usefu! tempeiature range in siorage s ncreased
and 1he required thermal mass for siorage can be




decreased Two bins of siacked water conlainers are ing spaces Is provided by electncal resistance
used tn store heat from the verucal collectors. Also, slements place? in the appropriate siorage tanks
the concrete floor slab and rocks {ocated in 1the air

supply return t¢ the collector provide additional ther

mal storage mass Total heat storage 1s suthcient for

wo or three January days

D:isiribution throughout the system s agecomplished
by ducts located v the celhng and floor area Aux
thary heating ot both domesnc hot water and the hv-
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The Architects Taos of Taos, New Mexico have
developed a prototype single family solar dwelling
for a temperate climate and have adapted the
prototype 1o the climauc conditions of cool and hot-
arid climates. The prototype solar dweiling and nts
adaptations clearly illustrate the archuectural design
changes necessary 1o successfully inmegrate a sola
dwelling and sysiem within different climatic con-
ditions.

The prototype solar dwelling. micknamed “Birdcage,”

ARCHITECT: The Archilects, Taos
CLIMATIC REGION: Temperate
BUILDING TYPE: Single-famly detached
AREA: 195C sq ft heated floor area

SOLAR SYSTEM

COLLECTOR: TCA controlled windows, walls. roof
moniiors

STORAGE: Exposecd warer 1anks

MSTRIBUTION: Natwral radiatinn and convection from
TCA-equipped water i1anks

AUXILIARY ENERGY: Fossil-fuel hred bosier heaing
solar domestc hot water slorage tank. lurced ar distnbuy-
hen

DOMESTIC HOT WATER: Liquid-coolad flal-plate collec-
1or 19 Righ temperalure waler tank w/ convennonal waler
heater auxihary

SPACE COOLING: Evaporatve cooling ponds on roof
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is designed tor a temperate climate. The architec-
wral program for the prototype 1s based upon the
needs of a family of two adults and two children and
remains constant throughou: prototype modification
for different chmates.  To clearly illusirate ihe
dwelling-solar system integration 1ssu2s for various
chmates. an inherent of passive solar system was
selected by the designers for the prototype design.

The primiary concern of passive solar systems s the
location of the collector and storage within tne

dwelling. In most cases, a dirgct relanonship

between collector. storage and the occupied spar
best. To achieve tus desired relatonship the co
tor becomes a dwelling space {greenhouse effe
and storage bscpmes an architectural element

dividing wall) As a result, the prototypical scla
dwelling makes use of a coliection room whaost
terior walls collect. siare and distribute solar em
The operation of the solar system 1s controfleu
the use of Thermally Convertible Assemblies {TC
which regulate thermal energy flow through the




builling envetope and within the spaces. An example
of a TCA i5 the insulated folding door which
separates the heat storage tanks from the bedrooms
and dining-kitchen area The doors are opened or
ciosra depending on the thermal conditions of the
occuped spaces Two other examples of TCA's
shown in. the prototype are the operable insulated
shutters of the windows and roof monitars, and the
rotating heat shields on the heat storage tanks

The s0lar system consists of large vertical cylinders

T 'of RoTAT:
TANE COVEES
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Lowaer Floor

which store solar energy received Irom the collection
room (Inving room) The amount and distribution of
stored energy 15 controlled by the use of TCAs The
sclar system s adaptable to many climatic con-
aiuens and solar components For example. the
storage tanks can be used n conunction with rool
top evaporative tcooling ponds in temperale and
hot-and reg:ons or with flat-plate or concentrating
cotlectors in cool regions The modificatons of the
prototype for vanocus reqions does sn fsct alter the
dwelhng and sofar system destgn w accommodate

Solar System Dimetric

differing requirements 1mnosed by the climanc con-
dinons of these areas

The solar collecuon and sierage tanks are arranged
within the dwelling so as 1o maximize therr exposure
to daily solar input dunng seasonal perods of high
neating demand and to achieve direct proxamity to
kabitable rc sms within the heated enclosure In the
instance ~ the prototype. #.e tanks are arranged
on w0 s s of the collecuon room. facing TCA.
equiptd Landows on the opposite walls Pyramids
iroc  .omtors) ot the south corner of the rool are
equipped with TCA's which allow sun 1¢ reach the
upper portions of the tanks during mudday coltectnion
perods

Pyramidal forms on the north roof corner enclose
conventionat flat plate collectors far hot water
heatung The solar collectors are designed to operate
n conunchon with the hot water boiler to supply
hzaat for the domesuc hot water and supplemental
space heating unit This umit discharges warm air
ity underfloor ducts for heaung the dvrelling when
sufficient solar input 1S5 not avarabie

The evaporatian coolng ponds are {ur summer cool-
ing of the storage tanks. and operate passively on a
thermasyphon principle Water, cooled i the ponds
by evaporation and radiation to the might sky, flows
down through an appropnate piping loop to the
tanks, where heat from the dwelling 15 absarbed and
carmed back 10 the roof ponds. The effectiveness ot
the conhing ponds s a function of dewpaoint and
temperature variatuons dunng the coohng season



Adaptation of the prototype solar dwelling 10 cool
chmates significantdy modifies the architectural 1m-
age while retaining the basic plan arrangement and
salar system operation. The architects have nick-
named the adapted prototype “Suntrap.” The major
adaptations include: increasing the effecuve collecior
area 1o the limit allowed by the prototymcal floor
plan. rmproving the collector ¢ffictency. increasing ihe
thermal storage capacity. reducing the heat losses
from the dwelling. and increasing the capacity of the
solar hot water heater and auxiligary space heaung

BACKGROUND DATA

ARCHITECT: The Archilects Tans
GLIMATIC REGION: Cool

BUILDING TYPE: Single-lamily detached
AREA: 1950 sq It heated floor area

SOLAR SYSTEM

COLLECTOR: TCA -conmrolled double glazed wanrdows and
ool momtors

STORAGE: Exposcd sater ranks

DISTARIBUTION: Naturat radiation and convecnon [rom
TCA-equipped water lanks

AUNILIARY ENERGY: Fossil-tuel firad boiler beaung
solar domestuc hot water swrage tank, forced ar distibu-
tron

DOMESTIC HOT WATER: Liquid-cooled flat-plate collec-
tor 1w Mgk femperature water enk w/ conventional water
heater auxibary

SPACE COOLING: Natural ventlation
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systemm These design considerations are apphcable
10 most solar dwellings to be buillt In cool regians

The changes in architectural design as a result of
adaplation 1o a cool chmate are significant The
collection roum s abandoned. the wing roGmas sunk
2to 4 leet below grade and provided with TCA
equippad windows and a reflective roof as shown on
the bulding section on page 109 The thermal
collector and  storage 1anks remain i the same
location buil are wncreased in height. The collector

window 1s only 3 feet in fromt of the tanks. allowing
for a shutter-type TCA with minimum clearance for
tank mamntenance The form of the collector 1s thus
severely moditied. and the effective area 15 increased
to 506 square feet. 154 square feet greater than the
Birdcage prototype Collector efficiency is increased
in the range of 7 16 11 percent as 3 resuit of the re-
entrani collector configuration, whizh now intercepts
approximately b0 percent of the normal reflective
iosses




Thermal storage s increased from that of the Bird-
cage protoiype. The maximum tank temperature of
the Birdcage prototype was governed by collecuon
room comfort considerations. However. the Suntrap
adaptation avoids this problem, since collection sur-
faces are not reradiating to the habitable space
Also, the added tank height increases the thermal
storage capacity A high temperature storage tank
located either in a basement space or buried outside
adjacent to the building provides additional storage.
The tank is for back-up services only and is charged

Lowaer Floor

TACAN
S AE .

by a low capacity heat pump with heat borrowed
from the primary collection and storage tanks

Heat loss from the buidding is reduced by using
smaller non-collecting window areas and TCA's on
all fiving room and bedroom windows. and by par-
vally burying the bwiding {living rmom} to reduce
transmission losses.

The solar domestic hot water collector 1s redesigned
into a higher profile to avoid shadows from the roof

o

+ TECLAMR wlld

Building Section

Solar System Dimetric

Collector area 1s
also increased to 55 square feet The collector area
can be increased ¢ 100 square feet f the solar hot
water system s to provide a large perceniage of
back-up system heaung A large auxilary borer s
used m conjunction with the larger secondary space
heating storage tank. The boiler 15 sized 1o carry the
worst case heavung load with all solar systems in-
operatve

extension of the pnmary collector

P T Lo
SO

Wings Sarinag

Primary Solar Sys*..»
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Adaptation of the prototype solar dwelling to hot-arid
climates nvolves considerable modihication of the
plan and solar system to accommodate the higher
cooling ‘oad asscciated with this climate. The major
adaptatons include: eliminating the special solar
collector for space heatng. interfacing the solar
domestic hot aater collector with the space heaing
syslem: using the maxmum available roof area for
evaporation-radiation cooling. reducing solar heat
gain 10 the dwelling, und onentng the dwelling n

BACKGROQUNC DATA

ARCHITECT: The Arctutects Taos
CLIMATIC REGION: Hot-and
BUILDING TYPE: S.ngle latmily detached
AFRIEA: 1950 sq h heated floor area

SOLAR SYSTEM

COLLECTOR/STORAGE: Thermal miass extonor walls
DISTRIBUTION: Natura! racation and copvectiom from
TCA equipped water tanks

AUXILIARY ENERGY: Fossn-tuel Lred boler heatng
solar domesnc hot water storage 1ank. lorced arr distnibu-
1on

DOMESTIC HOT WATER: Tracking circular concen-
traurg collecior 10 hugh temperature waler tank w/’ conven
tignal water healer auwxabary

SPACE COOLING: Evaporatrve cooling ponds on ool o
wcoief sigrage slorage tanks lor radiant coeling
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response to site wind condiilons

The above adaptations affect the prototype design in
several significant ways Due 10 the low heaung

loads generally associated with hot-dry climates. the
use of a solar collecion and storage concept ol a
type designed for cool or femperale chmates s not
deemed appropnale or economically reasgnable

Instead. the domestc hol water heaung system used
on the Birdcage prolotype s provided wih a taiger

cofector {or a tracking collector) and the proiolype
back-ug heatng system s now used m a prmary
heating made The back-up ho: water heater can be
sized 1o carry the worsi case heaung demand plus
hot water requrement The heat storage and dis
charge tank s refocated in the starrwell 10 reduce
unwantad heal transnussion 1o habdable rooms dur
g penods ol coohng gemand

The roof of 1he prototype s redeswned v a stepped




fashion to increase the cogling pond area to a net imum shading. The inset allows an opportumity for

of 150 percent of first floor area. This was done 1o exterior blinds and shades for situations where the
maximize the pond area, and not 1o meet a specific ori:ntation of the dwelling requires them. A
chmatue . equirement Orientation of the dwelling sunshade 1s attached 1o the west wall of the dwell-
1510 respect to local wind condiiens (o maximize ing to mimimize late afternoon heat transmission to
evaporation rates. As a conseguence of the root the storage cooling tanks.

configuration. the thermal storage coohng tanks are
relocated along tne exterior walls

Windows are inset intg the dwelling to achieve max-
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The firm. of Donald Watsen, Archiect, AlA, of Guit-
ford, Connecucut has developed a selt-sufficient
singte family, solar dwelling concept for cool
temperate clinates that receves 100 percent of 1ts
heating requirement from solar energy In addiiion. 1t
has Invesugated the architectural factors influencing
flai-plate coliector area and 1ts integration with other
collector concepts and archiectural leatures

Prior o the development ol a self sufficient sclar
dwelling for cool-lempetate chmates. the arch.lects

BACKGROUND DCATA

ARCHITECT: Donald Watson, Al

CLIMATIC REGION: Cool Temperate

BUILDING TYPE: Single-farmily detached

AREA: 1000 sq 1. heated iloor area {not including 270
sq ttoqreenhousel

SOLAR SYSTEM

COLLECTOR: Liquid-cooted flat-ptate, south-facing win-
dows w/ wnsulategd shutiers. south-facing greenhoyse
STORAGE: Woier tank w/ heat exchanger. rock bin below
greenhouse. thermal mass intenor walls/Algors
DISTRIBUTION: Forced av. natural radiation and convec-

uon

AUXILIARY ENERGY: Fireplace w/ heal exchanger (o
s10rage

DOMESTIC HOT WATER: Storage tank w/ heal ex-
changer

SPACE COOLING: Nawra! ventilation
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undertock a design  study to nwvesugale what
pefcentage ol flal-plate coliecidr area mught be
reasonably incorporated nto a dweiling design Al
1ssue was a number of rules-ol-thumb which In
dicated that a large collector area 10 heated Hoor
space ratio was needed to obtain the most benehcial
gpace heating capacily of a solar heanng system As
a result, severe restrictions were placed on solar
dwellings designed 1or cool and temperate chmates
Obwiously. the more effictem a flat-plate collector.
the less collector area required and the greater the

design optigns  applying other solar collector con-
cepis and architectural fealures

The design study was based upon 1he lollowing
assumplions 1) collector designs and etficiencies as
currently availlable are ntearated into the bulding
envelope. 2} coliectors are n a hxed posiuon at op
timum angles for winter space heating, 3} fust Hoor
of the south facade s lett free of llar plate collectors
in order 10 be avaldable lor windows. doors. pathos,
and greenhouse options. and 4) common design




standards and dimensions encountered in general
house construction practice are applied.

Given these limits, the number of alternative collec-
tor panel locations are reduced to four basic sec-
tions, shown below. Section A has the greatest
collector area to heated floor space ratio

{6890 percent) while section D has the least (20
percent) Next. a floor plan was developed which
enabiled any three of the four alternatwe sections to
be variously combined in one dwelling. A number of

Alternative Sections

o
= up to 608 coliector/flcoor
o) area ratio
%—) clerestory roof monitor
% no 2nd £l. south windows
| up to 40% collector/flooy
> area ratio
o
; - clerestory roof monitor
8 || 2nd. fl1. south windows
W 1 or balconies
i

P
o
= up to 40% collector/Eloor
o area ratio
'5 minimum wind exposure
W
v no 2nd fl south windows
o
% up to 20% collector/floor
= area ratio
:0: 2nd fl. acuth windows
b7 ] or balconies

design alternatves emerge (f the four basic sections
are combined with any one of the plan locations For
example, there 1s one alternative design solution with
a collec.or area to space enclosed rato of 60
percent, while here are ewghi alternatives with a 40
percent ratio Some of these alternatives are shown
below

What becomes apparent as a result of this simplilied
exercise 1s that within a 4C percent collector

coverage ratio. there are d sufficient number of

AHernative Ground Floor Arrangements

design allernatives offered o meet various site.
chmate. and density requiremnents, and the
number of alternatives greatly diminishes above 40
percent Thus, while cool and temperate climates do
represent the worst case for solar engineerning
restrictions. it 1s possible tor solar design to flourish
relatively unburdened by collector coverage require.
ments 1if coliector efficiencies allow seolar heating
capaciues to be acheved with collector coverage not
exceeding 49 percent of the heated floor area

SHADED SOUTH WINDOWS

GREENHOUSE

SUNPORCH
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Based upon the preceding analysis and the range of
solar concepts and components available for in-
clusion in solar dwelling design, a self-sufficiem sotar
dwelling for ¢ool and temperate climates was
developed by the designers. Given high insulation
standards with additional thermal efficiency through
room layout. internal zoning. and fireplace design,
the design concept is largely independent of non-
renewable fossil fuels for space heating. The solar
system is designed to provide 80 percent or more of
the annual heating requirememts. The dwelling 1otals

1.000 square feet of heated floor space. not in-
cluding the intermediate greenhouse/sun room of
270 square feet. The net collector area is 400
square feet.

Numercus thermal control strategies are incor-
porated into the design. These include' firepiace,
with an extended flue to ahsorb chimney heat,
located on the plan interior (0 operate n tandem
with the solar heating system: internal zoning of liv-
ing and bedroom areas within minimal envelope of
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SECTION THAOUGH MECHAMICAL ROOM

1.000 square feet, extendable 1o the intermediary
spaces. temperatures permitting; resistive insufation in
the walls and roof. windows with large fixed hights
and smaller operable ventilators, all with in-
sulating shutters; and a roof monitor for controlled
venulation, natural cooling and natural lighting.

The concept includes several storage elements in
tandem. Water storage is in an insulated concrete
tank provided ‘with a removable liner and heat
exchange coils. The domestc water heater has a
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heat exchange coil between it and the larger water
storage io preheat water from the well or main. The
thermal capacity of the masonry floors and walls and
the fireplace mass acts as a low temperature heat
sink, to moderate daytime overheating and by a time
lag effect, to distribute daytime heat during the
cooler evening hours. This is necessary 10 controt
averheanng in the greenhouse and behind the south-
facing windows.

The distribution component is sized to permit the ef-
ficient movement of low temperature arr and 1s con-
safidated within the siructure and the mechanical
core Two return air systems permit independent
zoning of the greeniouse and of the house proper A
return air vent 15 located high in the two story roof
monitor space to capture heated air and recirculate
it to a rock pile under the sunroom.

Solar Collactor Subsysiems

Collector to Storage Transport
Subsystems

Storage to Room Distribution Subsystems

Greenhouse Heating System




Giffels Associates of Detroit, Michigan has designed
a low-nise. multi-lamity solar dwelling for each of the
four chmnatic regions of the United States. The
multi-family solar concepts are based upon one
prototypical ving unit which 1s modifisd to st
the design require = =15 of each chmatic region
Althougn the basic nature of the hving umit remains
the same. significant differences in building design
result hecause of cimanc conditons A similar solar
systemn 15 used for each concept; each mulu-family
compiex has o cenual solar collection and s.orage

UACKGROUND DATA

AHRCHITECT: Giflets Associates, Inc

CLIMATIC HEGION: Cool

BUILDING TYPE: Low-nse multi-tarmly, icur buiddings
AREA: 1100 sq. ft heated floor area per unit

SOLAR SYSTEM

COLLECTOR: Liquid-cooled flat-plate. south-facing win-
dows/skyhghis w/ sl shutters

STORAGE: Central compartmenialized water tank
DISTRIBUTION: Fan-coil forced air each liing unit
AUXILIARY ENERGY: Gas-fired boller w/ heat exchanger
n centrai storage tank. firgplace

DOMESTIC HOT WATER: Prebeat tank n central
storage w/ gas-hired auxhary

SPACE COOLING: Natural ventlation
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system with indwvidual fan-coil distnbution umits in
each living unit

Tha basis for alil the design concepts s the
prototypical living unit. The number of lving units 1in
each concept vanes because of differences 1n site
acreage and housing density However. the architec-
tura' program requrements for the hving unis
remain the same The prototypical living umit s a
weo bedroom, two story sesidence, adaptable to oc:
cupancy by sharing adults or small famihes, and con-

taiming abcut 1.200 square feet The lwing unit in-
cludes a number of design features which directly

or indwectly affect the eneryy needs of the unit and the
use of energy by the occupants, as these vary from

region to region

The lwving units for cool regions are crgamized in tour
buidings. around a central community space en.
closed far protecuon from cold winter wnds The
builldings range in height from one to four stories.
with roofs and roof-mounted solar energy collectors




oriented to the south-southeast. To provide the large
collecior srea required, garage roofe ara alaa lisad tg
house solar energy collectors. Garages and skylit
covered entry courts are clustered about the wesi.
north, and east sides of the buildings to isotate the
lving units from the on-site traffic and the cold
winter winds. Fences, coniferous vegetation and
hedges augment this protecuion as well as shsltering
the entry points. Additional enclosure and buffer
space 5 provided by smaller sheds along exterior
surfaces and garages.

Energy conserving features for cool regions include a
centrat firaplace and kitchen for mawximum use of
generated heat, skylights for solar rachation collection
and dayhght penetration. and bay windows at the
east and west exterior walls 1o provide an insulating
buffer brtween nterior and extenor conditions

The sular energy system lor cool regons supphes

space heaung and domesuc hot water heatng only
Solar coohng s not provided because the need for
cooling v this region 15 relauvely small and the cost

Cutaway Perspective of Living Unit

and sophistication of solar cooling systems av pre-
sent are high With proper considerations fer energy
conservauon and natural vennlauon, space cooling
should not be necessary duning most of the cooling
5easen

Solar rachation 1s collected bty hquid-cooled flat-plae
colectors with a water/anufreeze 1rransport flwd The
solar heated fluid 1s stored n two insulated 1ok,
located in the basement of each buillding When
heaung 1s required. the heated fluid 1s pumped
from ihe pnimary heat storsge 1ank (o ndividual fan-
co unmits located within each bwving unit Space
heating 1s augmenied by ductwork ntegral with the
firepiace A second and smaller storage tank is used
to heat the domesnc hot water. while a gas-fired fur-
nace heats both storage tarks when solar produced
temperatures are npi sufhcient

The excephionally large collecior area - ap-
proxtmately 1000 square teel per iving unit - cap
tures suthcient solar energy 10 meet over 90% of
each uni’s heating and domestic hot water re-
quiremenis

Cutaway Perspactive of Solar Enargy System
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The design concept for a temperate climate has the
tiving units clustered within six buildings, oriemed to
provide protection of exterior spaces from winter
winds and exposure 10 solar radiaton. The buitdings
vary in height from one to three stories, with roofs
and roof mounted solar collectors facing the south-
southwest. The garage roofs are also used to house
the large collector area reguired 0 temperate
climates.

The prototypical Iving unit is modificd by adding two

BACKGROUND DATA

ARCHITECT: Giffels Associates, Inc

CLIMATIC REGION: Temperate

BUILDING TYPE: Low-nse multi-tamily. six buildings
AREA: 1200 sq. fi. heated floor area per hwving und

SOLAR SYSTEM

COLLECTOR: Liquid-cooled flat-piate. south-facing win-
dows/skyhghts w/ insulated shutiers

STORAGE: Centrzl companmentalized water tank
DISTRIBUTION: Fan-co! forced air each Inming unit
AUXILIARY ENERGY: Gas-fired boiler w/ heat exchanger
in central sierage tank, fireplace

DOMESTIC HOT WATER: Preheat tank in central
starage w/ gas-fired suxihary

SPACE COOLING: Natural venulation
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unheated but glazed porches adjacent to the living
and dining spaces. This provides for porch space n
lieu of the nteror space during the summer, as well
as providing a thermal barner during the winter
Four skylights located centrally in the house supply
natural hight, as well as solar beat in the winter. In-
sulated shutters close ofl the skylights dunng cold
winter nights and hot summer days.

The solar system for a temperate climate 15 identical
to that for a cool regwn Again, a heaung only

sysiem 15 used because of the smail amount of cool-
ing required. Roof mounted hguid-cooled flat-plate
collectors are used in conjunction with two central
storage tanks. The heated fluid from the collector
passes through the first. heaung the domestic hot
water and o the second, where 1t is avalable for
circulanon to ndividual fan-coil units located n each
living anit A heat exchanger warms air for dis:
trtbution throughout the residence

The large amount of salar collector area together




with a compact floor plan enables the solar system
1o supply more than 90% of sach unit's heating and
domestic ha. water requirement.

Sectional View from S.E.

!ll'l||

E.W. Section Cutaway Perspective of Living Unit
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The design cencept for a hot-huraid climate has the
living units arranged in four buildings around a cen-
tral community space. The buldings are onented to
expose each living uiii 10 a cooing norih-scuih
summer wind. The buildings are three siories in
height raised above partial basement areas and
utlize double roof construction. Parking shelter roofs
are used to house the solar collertors. and berm
construction beyond the parkng covers Uie heated
fluid storage The southern exposure of ali the
buildings 15 protected from direct sunlight by large

BACKGROUND DATA

Architect: Gifiels Associales. inc

CLIMATIC REGION: Hor-humdd

BUILDING TYPE: Low-nse mulu-family, four bulldings
AREA: 1000 sq. it healed floor area per uni

SOLAR SYSTEM

COLLECTOR: L:quid-rooleg flat-plate

STORAGE: Central comparimentalized water tank
DISTRIBUTION: Fan-coil forced arr :n each living unit
AUXILIARY ENERGY: Gas-fired poller w/ heat exchanger
in central storage tank, fireplace

DOMESTIC HOT WATER- Preheat tank In central
storape w/ gas-fred awaliary

SPACE COOLING: Central absorption unn w/ hot water
from ceniral storage tank boosted by gas-fired auxiliary,
tan-coil foreon air distribuuon in each living umit

-
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honzontal louvered sunscreens. open balconies. ex-
terior living spaces and open entryways. These
elements combine with the double roof constructian
to provide almost witai solation of the buiiding fram
hat direct sunhght.

The solar system for the hot-hurmd region has
provisions for both sclar beatryg and cochng, 1o
provide rehef from the long penods of high
temperature and humidity and the relatwwely short
perods of cool temperature

Adjustable liquid-cooled flat-plate collectors are
located on the parking shelter roofs. A water/an-
tfreeze solution absorbs solar radiation as it passes
through the colteciors  The heated Huid s
transported 1o a central storage area bured beneath
an earth berm. Each buwilding has 11s own collection
and storage element  Storage censists of three

separate insulated tanks a domestc hot water

heaung tank. 3 main low temperature tank for space
heaung and 3 high temperaiure tank for space cool-
ing As the beated fiud

arrives from the collector,




it first passes through the domestuc water storage
tank where a heat exchanger transfers some of the
captured heat 10 the domestic water supply. the
solar heated fluid then flows into the main low
temperature storagc tank

During the heating seascon. the fluid is stored here
until there 15 a heaung demand n ane of the living
units. Upon miation for this demand, part of the

stored solar heated fluid s pumped to the unit’s in-
diridual ian-coil unit where the heat s transterred.

N.S. Section

via a heat exchanger. to the hot air ductwork dis-
tribution system wathin the dwelling umt

During the coolng season. part of the solar heated
fluid is pumped 1o a separate storage tank where It
i5 elevated n temperature by a gas-fired heater to
provide the higher temperatures needed by the absorp -
naon cooling machine The buillding’s central absorptior
cooling machine generates the chilled water for the
indndual dwelling umit's fan-coil air-conditioners The
flud cooled air 1s distributed by lvihg umit's ductwark

Sectional View from S.E.

Storage Tanks

The domesiic hol water, main solar heated flud

storage tank. and the high temperatire fluid storage
tank are supplemented by gas-fired auxiliary heaung
umts, where the awabary heat is transferred to the

solar storage sysiems via the use of fluid-to-fluid
heat exchangers

The solar system is designed 1o meet aver 90% of il
buillding’s heating and domesuc hot water re.
quirements and over half the building's cooling needs

Cutaway Pearspeciive of Living Unit
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The design concept for hot-arid climates consists of
two buildings along a ¢ertral community space. The
buildings are oriented 10 capture a cooling @ast-west
summer breeze. The buildings are three stories in

height, with partial basements for storage and laun-
dry faciliies. Double roof construction, similar to that
of the hot-humid design concept is used to collect
rainwater and shield the roof area from hot summer
suns. Verucal louvered sun screens, open balconies,
awnings and cther elements are also incorporated 1n

BACKGROUND DATA

ARCHITECT: Giffels Associates. inc.

CLIMATIC REGION: Hot arid

BUILDING TYPE: Low-rise mulu-family. two buildings
AREA: 1100 sq. #t heated fioor area per living unit

SOLAR SYSTEM

COLLECTOR: Liquid-coolied. flat-plate

STORAGE: Central compartmenialized water tank
DISTRIBUTIOQN: Fan-coil forced ar each living uni
AUXILIARY ENERGY: Gas-firad boiler w/ heat exchanger
in central storage tank. fireplace

DOMESTIC HOT WATER: Preheat tank 1 central
storage w/ gas-lired auxiliary

SPACE COOLING: Central absorption unit w/ hot water
from central stgrage tank boosted by gas-fired auxihary,
tan-coi! forced air distribution in each living unit
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the design to reduce expesure of the building ta
direct sunbght

The solar system provides both solar heating and
cooling as well as domestic water heating Solar
cooling is very approprate for hot-arid climates due
to the long peniods of high temperature The solar
system is identica!l to that used for hot-humid
regions. The collectors. however. are located on the
roof of the buillding. Three storage tanks are agan

used with distribution of hot and cold air by fan-col
units in each living unit

The collecigr area totals approximately 700 square
feet per hving unit, sufficient 10 meet over 3% of the
buillding’s heat and domesuc hot water requirements.
and over half the bulding’s cooling needs




Cutaway Parspective ot Solar Er.ergy Syster
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The Continuum Team of Brnidgeport, Connecticut hes
designed a tow-rise multi-family solar dwelling for
the climatic conditions of coad and hot-and regions.
A protatypical living umit is the basis for dwelling
design n each region. The designers have focused
un the integration of applicable sclar systems into

the dwelling concept and the modsfication of the liv-

Ing umt to accommaodate the chmatic conditions ol
cool and hot-and regions,

BACKGPOUND DATA

ARCHITECT: The Connnuum Team
CLIMATIC REGION: Cooal

BUILDING TYPE: Low rise multi-family clusters
AREA: 1215 sq fi heated flaor area per unit

SOLAR SYSTEM

COLLECTOR: Ligqud-cooled flar-plate. semi-focused.
alutude tracking windows w/ insulating panels. south-
facing windows w/ insulating shutters

STORAGE: Centrai rompartmentalized water 1ank. ther-
mal mass of walls/floor

DISTRIBUTION: Forced radiaton from baseboard
radiators, forced ar from central ar chamber
AUXILIARY ENERGY: Foscil-fuel fired boiler
DOMESTIC HOT WATER: Preheat coils through central
storage to preneat tank w/ conventonal water heater aux-
hary

SPACE COOLING: Nawral ventilauon. precool ducts
buried n #arth connected 10 central arr chamber.
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A three bedroom "L shaped prototypical lving unn
was developed by the design team. The prototype
tiving unit 1s capable of being stacked and arranged
to accommodate different densities and site con-
ditons. In addiign, the Lving unit is adaptabte (o
design conslraints 1mposed by different solar
systems and differeat climauc conditions

The prototype living unit 15 organized with other
unis to form a mulu-family clusier. The clusters are
arranged for a cool region 10 shield habitable spaces

from northwes: winter winds while exposing max-
imum opening and surface area for solar coliechion
and natural venulatior Entries and stairways are
enclosed for weather protection and bedroom closets
are placed along the north wall for increased thermal
msulation  The heat loss o the mulu-famuly clusters
s reduced to about half that of conventonal housing
by the use of additonal insulaton, careful placement
and design of fenestration, and the use of shutters,
closure panels and other window treaiment

View with Reflective
Panals Closed

Section a-a
with Reaflective Panels Opan
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The solar system is designed to accommodate the
insolation characreristics. the need for snow protec-
tion of the collector, and the long period of
cloudiness (requinng large heat storage capacity)
associated with cool regions. The collecior concept
chosen is a liquid-cooled flat-plate collector in a
shed enclosure for weather protection. with an ad-
justable hinged reflective panel to increase the in-
cidence of radiatton on the collector. The reflective
panel 15 adjusted for seasonal or geographic
variation in sun altitude. The optical gain achieved by

Partial Uppear Lavel Plan

a

Partial Lowar Lavet Plan

v ~south

S it scale

rachation reflection provides hugher temperatures than
those of a convenbonal flat-plate collecior  As a
result, a smaller area of collector is required. The
hinged member 1s also used 1o close The optical
enclosure when there is no sunshing, thus protecting
the collector from rain, snow, wind, glass breakage.
dust and freezing. and avoiding the need for an
antifreeze heat transfer fiuid. The collechion sheds
are placed on the multi-family clusters :in whatever
numbers are deemad appropnaie to satisfy totally or
partially ihe beating/cooling ioad.

The beated Tluid from the collector 15 transported to
a central comparnimentatzed storage tank where 1ls
heat 1s given up 10 the water storage medium The
storage tank has four compartments so that a usable
high temperature 15 mantained in one compariment
while the others are being charged A distribution
loop tlows from storage through the central aualiary
boiler. baasting the water temperature when needed.
through the domesnc hot water prehieat \ank, and
finally 1o the living units for disiribution by baseboard
convelions

The shed collector 15 supplemented by a ~heat win-
dow” which ceptures and regulates incident
radiauon received on the glass surface The window
15 insulated during non-collection periods by intenor
shutters.

———

[

————— —

Total System Diagram for All Units
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The design concept for hot-arid climates has the
prototypical living units clustered to shade adjacent
units. maximize the exposure of the solar system to
insolation, and capture the constant east/west night
breezes. The building matenals, adobe and other in-
digenous material. are used because of their heat
sink capacity and relationship to the architectural
character of the region.

The hot and climate requires a solar systern capable
of both heating and cooling. The systems chosen in-

BACKGROUND DATA

ARCHITECT: The Continuum Team

CLIMATIC REGIOM: Hot-arid

BUILDING TYPE: Low-rise mulu-damily, clusters
AREA: 1215 sqit heated floor area per unit

SULAR SYSTEM

COLLECTOR/STORAGE: Waterbags on roof w/ movable
nsulaung cnvers, masonry wall bebind south-facing glazing
DISTRIBUTION: Forced air from central air chamber.
natural convecnon, radistion from walls

AUXILIARY ENERGY: Fossil-fuel tired furnace supplying
hot ai to central air chamber

DOMESTIC HOT WATER: Liguid-cooled, flat-plate
collecior 10 preheat tank w/ conventional water heater aux-
iliary

SPACE COOLING: Solar ponds on roof. wading pool
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clude a solar pond (water bags). a heat wall. and a
liquid-cooled flat-plate collector Solar pords are
located on all roof surfaces except for the stairway
where the flat-plate collectors are mounted for
demestc water heaiing. The solar ponds are the
primary means of heating and cooling the living
units. The heating function is suprlemented by heat
walls of 18-inch concrete located on the south side
ot the units

Water in sealed plastic bags on the exposed roof 1s

heated duning sunny winter days for space heating
The roof is flooded above the level of the seated
bags durning coot summer nighis for evaparative and
radiative cooling. A plenum located between the
solar ponds and the second level living units links
the ponds to a central distnbution air chamber
Heated air from both the heat wall and the solar
ponds 1s ducted to the central ar chamber where it
is disiributed by blowers and ducts to the individuat
iving units. A similar process occurs for the dis-
tribution of cool ar.




Domestic hot water is heated by a combination of
solar and canventional energy. Solar energy captured
by hiquid-cooled flat-plate collectors is used to hear a
central storage tank. The domestic hot water supply
is preheated as it passes through the tank. A con-
vention™ water heater boosts the temperature if
solar preheating is not sufficient.

Partial Upper Level Plan
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Joint Venture. an architectural and environmental
design firm from Bouider, Colorado. has developed
four low-rise mult-family solar design concepts for
climatic condittons of the Colorade area. The
designers have focused on the inmeraction of different
architecturat forms with different solar systems The
four design concepts exemphly some of the possible
modificanons and adaptations to buildings and solar
systems which can result in a successtul integration
The concepts also demonstrate that the vanety of ex
pression 1n solar bwldings can he as great as in

BACKGROUND DATA

ARCHITECT: Joint Venture

CLHIMATIC REGION: Temperate

BUILDING TYPE: Low nise muly family 1en buldings
{Schema onel

AREA: 1100 sq 11 heated floor area per unn

COLAR SYSTEM

COLLECTOR: Liquid-coolad flat-plale or ar cocled flat-
plate

STORAGE: Central water tank or central rock bin
GISTRIBUTION: Fan-coil forced aw in each lving unit or
forced ar from central rock storage bin

AUXILIARY ENFRGY: Heat pump heatng water of air
prior 1o distnbution, trepiace

DOMESTIC HOT WATER: Preheat coil in central storage
w/ conventional waier heater auxthery

SPACE COOLING: Nawral venulauon
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conventignally heated bulldings

Each design concept contains approxsmately 100 lwv-
ing umts equally divided between two ana three
bedroom wunits  The living units, bhowever, are
organized into different densities and architectural
forms Four solar systems, representative of a range
of solar collection. storage and distnbuuon concepts.
were selected for wmiegration The interaction of the
architectural forms wiath the solar systems generaies
four distinctly different building designs

)

Scheme One illusirates the archiectural form con-
cept of fragmentation The design scheme combines
a “convenuonal” warm-air or warm water-system
with the least energy conserving bulding lorm - - 10
small buildhngs ©i 10 lving unis each, nstead of
ane large bidng conhiguration The scheme
demonsirates the necessity ol dealing with the large
south-facing collector area as a mayor architectural
design problem in and of 1tsell

The design s dominated hy the 1.060 square fool




south-facing flat-piate collector required 1o provids a
major portion of the bullding’s heating load The liv-
ing wnits behind the angled collector are organized
on the east/west axis for maximum exposure to cool-
ing winds andg sunlight. Heat loss is reduced hy an
earth berm on the north side oi the building, use of
entry airlocks, and use of six-inch extenor walls filled
with insulation,

Scheme QOne 15 designed to accommodate either a
warm-water or warm-aur solar system. Central collec-

tion and storage s provided for both methods In the
case of the warm-water sysiem. a water/antfreeze
solution transfers heat from the collectar 10 a 2.700
galion nsulated slorage tank localed beneath ihe
building Heat s provided to the hving umits by hot
water pumped from storage w fan cail units located
in each dwelling Domestuc hot water 15 prehested
by running the piping through the storage tank and
then t0 a conventional water heater

The warm-air solar system operates n much the

same manner. However. instead of a watar sglution,
air s circulated  through the collectors and
transported by ducts 1o rock siorage where 11 gives
up its heat Extensive gduct work s required to dis
tribute warm inr from storage to each kving unit The
building wate: supply passes through the warm-ar
distnbution duct, thereby preheaung n belfore u flows
through a convenuonal water heater A heat pump s
used as an auxihary heanng system n both solar

Systems

Air-Coolad Flat Plate System

ST G DO 40y AT
mLaTe CGu G AN

BOUBLE GualieD
Cosbrn umtire sme. ¥
5

vt an o

e T -
Mg’} Pyt

-t flesn vax

cowrany

Water-Cooled Flet Plate System

128




Scheme Two illustrates the architectural form of
lineanty. The scheme contains 100 living units
organized in a manner reminiscent of medwum densi-
ty multi-family housing for an urban envirpnment.
The concept combines a higher efficiency flat-plate

collecior — the Compound Parabolic Concentrator
{CPCY — with @ highly energy-conserving building
form — one large buillding configuration. The con-

cept 15 In some ways the opposite of Scheme QOne.
illustrating the relauve freedom of the south wall —

BACKGROUND DATA

ARCHITECT: Jowm Ventur:

CLIMATIC REGION: Temperaie

BUILDING TYPE: Low nse mutt family. one binlding
tScheme Iwo}

AREA: 1100 sq ft healed llnor area per unit

SOLAR SYSTEM

COLLECTOR: Liguid cooled flai-plale w/ corpound
parabolic concentrating, soath-acing windows w/ insulated
shutters

STORAGE: Central water 1ark

DISTRIBUTION: Fan-cot lorced ax in each lying unit
AUXILIARY ENERGY: Heat pump heaung water prior to
distnibution, hreplace

DOMESTIC HOT WATER: Preheat coil in central storage
w/ conventonal water heater auxihary

SPACE COOLING: Nawral venulation
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terracing,. balconies. windows and greenhouses —
made pos:ibla by a small solar collection afea and a
more enefgy-conserving archetectural form

The solar system 13 much the same as the warm-
water system ol Scheme One. The signthicant
difference is the use of the Compound Parabolic
Concentrator collector The CPC colleclor was in-
vented in the late 1960's for use in a high energy
physics appbcation by Dr Roland Winston of

Argonne National Laboratones It consists of two
segruents of a parabolc trough.  onented at a

spectiic angle to each other so that direct radiation
which enters within an acceptance zone s refiectec
1o the absorber surface at the bottom of the 1ough
The heat 1s removed from the absorber plate by

a hquid transport fluid
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Scheme Three illustrates the architectural form of
orientation. The design contains 100 living unils
located 1n two curvalinear structures. The concept
combmes the highest efficiency callector of the four
schemes . —the Stationary Reflector/Tracking Absorber
{SRTA] — with an extremely energy conserving
building form — 1wo compact building con-
figurations The concept iustrates the maximum
allowable freedom in buildu.g onenlation made
possible by the minimal collection area and the
method and form of the collection dewvice nself.

BACKGROUND DATA

ARCHITECT: Joint Venture

CLIMATIC REGION: Temperate

BUILDING TYPE: Low-rise multi-lanly. two buildings
{Scheme 1hree)

AREA: 110U sq t heated iloor area per unit

SOLAR SYSTEM

COLLFECTOR: Adjustable concentrating w/ stationary
reflector-tracking apsorber south-lacing windows w/ n-
sulating shutters

STORAAGE: Aluminum oxide pellets i central storage bin,
thermal mass inlarior walls/floors

DISTRIBUTION: Fan-coil forced air in each umit. natural
radiaticn and ¢onvechon

AUXILEARY ENERGY: Heat pump heaung water pnor 1o
distribution 10 each unit, lireplace

DOMESTIC HOT WATER: Preheat coil 1 collector 10
storage transport loop w/ conventional water heater aux-
thary

SPACE COOLING: Naiura! ventlation
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The SRTA collector, developed by Or W Gene
Steward of Boulder, Colorado. is a fixed reflecior
concentrator a0 which 3 small absorber pipe moves
1o track the sun The unigue operation and form of
the SRTA allows relauve treedam in buding lorm
and orientation as compared 10 the rectanguiar
geuimetry demanded by the collection coneepts of
Schemes Cne and Two Collectors are located on
the rools of the two builldings. thereby allowing con-
siderable flexiilny 10 lving urit design and use ot
southern exposure All the urns bave south-facing

lerraces. protective sun screening and larga glazed
surfaces

The suviat sysiem af Scheme Three s cons:derably
different than thai of the first 1wo designs A
trangport {lnd capable of funcuoring properly at
wemperatures m excess of 350°F s wirculated
through the SRTA coltecior 10 a heat exchanger
where captured  solar heat s removed and
wransferred by air to storage Storage consis1s ol a
central insulated enclosure filled with alummmum ox
ide pellets. which have twice the heat capacity of or-
dinary grave! Distribution of heat 10 the ving unis
s by healed water to tan-coil units in each dwelling
Heal 15 removed from storage by a blower which
forces ar through a heat exchanger. thus heaung the
water A heal pump again provides auxiliary heanng
for the lwving unng should the system fail to tuncuon
or should temperatures fron storoge not be sul.
ficent




Iy a vely JUsShast Qriv e
scheme illustrates the most energy-conserving shape
— the hemusphere — with the least ethcient sofar
system — a8 photovoltaic conversion system It s
only with such a combination that the photovollaic
concept could be considered The design also il
lustrates the concept of a detached collectuon
system. since the building and collector shapes are
not compatbie

B L b L

BACKGROUND DATA

ARCHITECT: Joint Venture

CLIMATIC REGION: Temperate

BUILDING TYPE: Low-nse multi-family one building
{Scheme four}

AREA: 1100 sq ft heated floor area per unit

SOLAR SYSTEM

COLLECTOR: Photovoltaic celis in conunction with
lgquid-cooled flai-plate, south-lacing glazed cenwral atrium
STORAGE: Central siorage batteries or tuel cell. central
waler tank, thermal mass of atrum walls/floors
DISTRIBUTION: Forced-air in each unn from water 10 air
neat exchanger in distnbution duct. electincal wining from
storage or directly from coltector

AUXILIARY ENERGY: Heat pump heatng ar prof 1o
distribution 10 each unit

DOMESTIC HOT WATER: Preheat col n central ther-
mal siorage w/ convenuonal water heatar auxiliary
SPACE COOLING: Natural ventilation, urit air con-
dinoners

quently, the desugn concept has a mingmum of heat
loss througn the surface A pie-shaped, glezed open-
ing facing due south prowides for naturai hghting.
ventlauon and solar heat gain The hwving units are
orgamzed arcund the internior communily SPAace
which includes gardens. ponds oind stairways

The solar system cambines the generaton of elec-

cooled flat-plate callecior. a requirament ta prolong
the hfe of the cells by cooling them

Solar radiation striking the cells s converted to elec-
trical energy and stared either in car batteries or fuel
cells {electrical storage n chemical formiy A con:
verter transforms DC power 0 storage o AC power
for use with conventignal apphances Thermal energy
captured by the flat-plate collectors 15 moved by a
water/anbfreeze solution The solution 1s pumped to
a central storage tank where 11 heats water Waler
from siorage passes through a heat exchanger giving
up s heat to ar which 1s disiribuled by blowers and
ducts 10 each living unif
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solar heating and cooling by mobile homes The fust
involves the design of a protolype solar mobile
home, while the second relates 1o use of ancillary
structures which could support solar collectors of
storage for individual mobile homes or groups of
mobie homes The first stralegy assumes that the
nature of the mobile bome will have 10 change
significantly to accommodate solar heanng and cool-
ing systems The second strategy, however. assumes

BACKGROQUND DATA

ARCHITECT: RTL. Incorporated

CLIMATIC REGION. Vanes

BUILDING TYPE: Mobdc nome, prolotype A
AREA: 1000 sq ft heated tloor ares

SOLAR SYSTEM

COLLECTOR: Liguid-cooled {tar-plate

STORAGE: Waler 1ank

DISTRIBUTION: Fan coil farced air

AUXILIARY ENERGY: Elecinc or lossil-luel fned water
heater w.’ heat exchangers in lorced-as distribution unn

DOMESTIC HOT WATER: Preheal coil n waler storane
tank w/ conventional water haater auxihary

SPACE COOLING: Natural ventilauon
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additonal siriuctures must be added w the home or
s1le to accommodate the solar system

Maobile homes have evolved over the years from the
onginal mobile trailler 10 a lactory-built residence
capabse of being relocated A number of lederal
staie and local regulatucns control the construction
and transportation ol mobile homes These inclede
requirements mpesed by the highway deparniments

with tho yncertamm gnenlalion oY 1the homs when
feaches the sile, contnbute 10 numerous problermns

which lima the installation of solar sysiems in the fac
tory

As a consequence. RTL has developed a prointype
motile home capable ol lactory constructuon, oves

the road shipment. and muluple on-sie cHentanon
The prototype 15 made up of three moduies The 12




foot wide modules. which vary n length from 356 to
80 feet, are combined 1o form various dwelling unus
dgepending on the owner's needs  The modules.
when combined to form a dwelling umit. have four
roof surfaces on which solar <colleciors can be
appled The area and tit of the collector can vary
with location because the collectors are installed at
the site

The prototype selar mobile home, shown below.
combunes two of the modules into a two-bedroam.

Module #1

1.000 square foot dwelling uni with courtyards on
either end The solar collectors have been placed on
the south-facing roof surface ol the bedroom/hving
room module

The solar system s composed of a hquid-cooled flat-
plate collector, water storage tarnk. two heat ex-
changers, auxihary water heater and a warm-air dis-
tnbution network. The collectors are posiuoned on
the roof at a wit apprepriate to location and use The
storage tank 15 bunied beside the home However. for

- OO0 e
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Module #2
Ax35

Floor Plan

Systems Schematic

convemence of relocaton and piping connections.
storage can also be located w an insulateg tank
above grade. Heated fluid trom the collector 1s
pumped through storage and by way of a heat ex
changer transiers 11s heat 1o the water The heated
water from storage 1s pumped to an arr-handling unit
where again by way of a heat exchanger gives up iis
thermal energy for distnbunon throughout the home
by ducis A convenuonal water heater provides aux-
ihary spsce heat and heats the domestic water supp-
ly as i comes preheated from the storage tank

)

il

A Roof Plans Showing Possible
N Collector Locations
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BACKGROUND DATA

ARCHITECT: RATL. Incorporated

CLIMATIC REGION: vanes

BUILDING TYPE: Motile home. prototype B
AREA: 1440 sq. ft heated floor area

SOLAR SYSTEM

COLLECTOR: Liguxi-cooled flat-plate

STORAGE: Water tink

DISTRIBUTION: Fan-coil forced air

AUXILIARY ENERGY: Eleciric or fossil-fuel fired water
ireater w/ heat exchanger in forced-air distribution unit
DOMESTIC HOT WATER: Preheat col in water siprage
tank w/ conventignal water healer auxihary

SPACE COOLING: Natural ventilation
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Prototype solar mobile home B, shown below, com-

bines the two largest modules to form a 1,440
square foot dwelling urit A farmily room and a se-
cond bathroom account for the increased gpace
relanve to the brst prototype A larger solar collecior
s incorporated i the south-facing roof because ot
the increased heated floor area

The sclar system s similar 10 that of the hrst

prototype A hgquid-cooled flar-plate collector 1s com-

bined with a buried water storage 1ank. heat ex-

changer. air-handiing unit, and an auxihary water
heater The piping connections between solar com-
ponents Inside and outside the motile home are In-
stalled at the factory and require no on-site alteration
for solar system nstallaton  All exterior pipes.
however. are insulated 10 reduce heal loss and the
possibiity of freezing Also, because the collectors
are free standing elemenis on the mobide home's
root surlace special anchorage 15 provided to avow)
wind damage
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The use of ancillary structures for the location of
solar system components (S an atiractive alternative
1o the redesign of existing mobite homes. Not only
are the solar components easily installed but the an-
cillary structure continues to be used for its intended
function. The ancillary structures and solar systems
can be designed for an individual mobile home, or
can be sized to accommoddate several units located
arouad the structure i a mobile home park or
pianned development

There are numerous anciliary structures which fend
themselves 1o the installation and integrauon of solar
collection and storage components. These include
carparts, trellis or porch covers. roof 10p structures.
berm units, and permanent site structures such as
fences or storage buildings. Each of these can be
used in conjunction with individual mobife homes or
with groups of mobile homes.

Where storage is not directly associated with the an-

Berm Unit

Porch Cover

_/__’__J
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Carport Screen Unit

cillary structure supporting the collectors. 11 can be
centratly located to serve any number of solar collec-
tors This concept s partcularly vgeful in home
parks.

SOLAR PANEL

Carport Covar
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SUMMARY

All of the preceding solar dwelhing design concepts
have two characteristics in common: first, they each
recognize the importance of reducing a dwelling's
need for energy iis a prerequisite for effective solar
energy utilization; and seccnd. they each treat dwell-
ing design and solar system design as an integral
problem.

A reduction of a dwelling's energy requirement
greatly enhances its ability to use collected solar
energy efficiently. This requirement is directly related
to how well the building design is suited to the site
and climate in which it is located. The many ways a
dwelling can be fitted to its site and climate were
discussed in Chapters Three and Four and further il-
lustrated in the preceding solar design concepts
General techniques include, but are not imited to
orientation of the dwelling on the site, use of ad-
ditiona! wall o roof insulation, selection of building
materials and mechanical systems, placemem and
size of exterior wall openings, and location of 1rees.
vegetation, and ather elements on the site The
specific energy conserving design alternatives illus-
trated in the solar concepts included the integra-
tien of the dweliing into a hillside or earth berm as
employed by TEA and Joimt Ven:wure, the use of dou-
ble roof canstruction as used by Giffels Associates.
and the incorporation of roof monitors for solar heat
gam and natural ventilation enhancement as propos-
ed by TE . and Don Watson.

The design of the dwelling changes in response to
different climatic conditions as does the design of
the solar system. Lowering a dwelling's energy re-
quirement reduces the size of the solar system, thus
making it easier to integrate the solar system with
the dwelling design.

The selection and integration of solar systems for
each of the previcus design concepts was con-
sidered in relation to the design of the entire dwell-
ing. A1 issue was not solely the integration of the
solar system, but also its relationship 1o the arrange-
ment of interior and exierior spaces, the provision of

human comfort, and the architectural appearance of
the dwelling design. Considered in this manner, the
selection and integration of the solar system should
compiement the dwelling design.

The case studies dlustrate a number aof passibilities
for integraling solar systems with dwelling design. A
number of the collection. storage. and distribution
components discussed in Chapter Two were used by
one aor mare of the solar design concepts. In most
cases. the components of the solar system per-
formed other functions such as serving as a wall,
flaor or roof of the dwelling. This has advantages of
material savings and system performance as well as
architectural appearance.
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SOLAR DWELLING DESIGN:
A SUNNY FUTURE?

What does the future hold for the use of solar
energy to heat and cool our homes? Further, what
initiatives both public and private are being taken 10
increase the use, performance and reliability of solar
systems?

These two questions have been asked since the
beginning of the development and application of
solar energy systems. The answers in most cases
were prcphecies of a new era of solar energy utiliza-
unon and of increased support from government and
private enterprise However. in all but a few in-
stances this was not 10 be the case The many con-
ferences, workshops, and headhnes abow solar
energy research which sturred the imaginanon of the
American peopla were all wo quickly forgotten and
the promise of solar energy remainad unfulfilled.

Is today another such period when sglar energy rises
to the forefront of American consciousness only to
recede as temporary hardships are overcome? Or
can we at last welcome a period in history where
the direct utilization of the sun’s energy for heating
and cooling will find its place among established
goverament and private interests and activities?

Recognizing the poor record of past projections and
realizing the demaralizing effect of raising false
hopes, 1t nevertheless appeirs that the age of solar
energy has arrived. Americg's energy and environ-
mental problems in all probability will provide by
themselves the necessary impetws for an increased
use of solar energy. Further, the growing interest and
demand by the American people for energy-
conserving designs utilizing solar systems and the

fact that Congress has passed and the President has
signed into law legislation firmly establishing federal
involvernent in solar energy activities are evidence
that solar ‘heating and cooling is here 1o stay

Federal government involvement in solar heating and
cooling is spelled out in a National Plan for Solar
Heating and Cooling® prepared by an interagency
task force chawred by the Energy Research and
Development Administration {ERDA). The plan calls
for the demonstration within a three-year period of
the practical use of solar heating systems and the
development and demonstration within a five-year
perod of combined solar heating and cooling
systems. |1 1s expected that through federally funded
demansiratons reliable, cost-effective solar systems
will be developed and demonstrated, thereby over-
coming the reluctance of consumers. industry and
financial instiwwtions to purchase, produce and
finance solar energy applications 1¢ buildings. At the
same time, any barniers — ather than technical —
to the widespread use of sclar heatng and cooling
systems wili be identified and appropriate changes
in existing procedures, programs. and legislation
recommended to remave them.

HUD. which s responsible for 1he demonstration of
solar peating and cooling systems 0 residential
structures. has already initiated the first senes of
demonstration projects Over the néxt five years solar
demorisirarion dwellings are to be locaied in most

*Availlable on written request from ERDA Techmical nfor-
mation Center P.O. Box 62. Oak Ridge. Tennessee 37830
— Crder Document No ERDA-23A,
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parts of the country. One purpose of this pubhcation
is 10 acquaint builders, designers, pubkic officials and
homeowners with solar heating and coocling so that
as the demonstration units are constructed 1n their
locality they will be familiar with the concepts and
principles of solar dwelling design. Additionally, the
information pressnted in the preceding six chapters
should be heipful 1o builders and designers who
are interested in using solar energy or who are
considering participation in the solar residential
demonsiration program.*

Residential Solar Heating and Couling:
Impact on U.8. Energy Demand

The impact solar heating and cooling will have on
present building enargy consumption is difficult 10
predict. Studies by the National Science Foundation
project 4.4 million solar building appiications by the
vear 2000, saving 2.5 percent of the fuel used for
heating and cooling.® This amounts to 400 thousand
barrels of oil a day or 146 million barrels a year.
Another study predicts that approximately 596,000
dwellings and 55,000 commearcial buildings wilt be
using solar energy systems by the year 1985, saving
a total of 31 million barreis of oil a year?

These projections, however, are just a glimpse of the
possibilities. If. in addition to new buildings incor-
porating solar heating and cooling systems. existing
buildings are redesigned 10 include solar systems,

*HUD encourages maximum participation in the program
Further information can be obtained by contacting the
HUD Solar Demonsiration Pragram Office. Room B158,
451 7th Sweet. SW., Washington, D C. 20410,
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the impact may be far greater than anticpated. This
possibility holds more promise than relying on new
construction to reduce United States’ energy de-
mand. There ari: over 70 million homes in the
United States today. The vast majority of these are
easily adaptable to solar domestic hot water heating,
while a significant number could be redesigned for
solar heating, cooling and domestic water heating.

The same principles of solar dwelling and system
design for new construction mentioned throughout
this publication are applicable to the redesign of
existing buildings for solar heating and cooling.
However, reducing an existing dwelling’s energy load
and integrating a solar system within an estabhished
physical form are not as easily solved for existing
homes as for new construction. Additionally, non-gp-
timal building orientation, existing trees and vegeta-
tion or a neighbonng building may make the
redesign for solar heating and cooling very difficult
In these instances, other design alternatives could be
evaluated — a neighborhood solar collection and
storage system for example.

Solar heating and cooling is possible in most areas
of the country. In many situations, it is readily adapt-
able to existing dwellings, As the number of new
homes heated by the sun grows so too will the
number of existing homes that are medified to in-
clude a solar system. The problems of redesign for
solar heating and coocling are difficult to solve
but the benefits of energy sawings are greater.

Solar Technology

Technically. solar energy systems will become more
rehable and cost efective. Increased -ublic and
private support for solar research and developrment
will lead to breakthroughs in material and system
design. A betier sciennfic and technica® understand-
ing of the phenomenon of solar radiation conversion
1o thermal energy will improve both the products
and processes of solar heating and cooling Also, the
ime from research, development and demonstration
10 widespread application of solar systems will be
reduced. The solar system components in use today
are the first generation of an idea and technology
with their beginnings in the early 194Q's and 50's.
New ideas and ‘achnologies for solar heating and
cooling are presently being developed which are
significantly different from first generation solar
systems. They will improve the performance and
cost-effectiveness of solar heating and cooling in
locations where it has been only margmally feasible.
In addition w improved solar heating and cooling
systems, photovoltaic, bioconversion,” wind and
other areas of solar energy will be developed. thus
providing a mulitude of techniques for reducing a
building's demand on fossil fuels. These changes will
not occur overnight but the initial steps are being
made today. .

*The canversion of biological materials 10 energy sources.
including such processes as the comversion of wood or
other plants 10 alcohol and fermentation or decompesition
of organic by-groduct matenals to produce methane or
other fuels.




Performance data compiled during the national solar
demonstration program witl provide the necessary in-
formation for the effective and efficient design of
solar dwellings and systems for areas throughout the
country. Designers, suppliers. code officials, financial
institutions, and tradesmen will become familiar with
sofar energy systems. thereby reducing any reluc-
tance on the part of hormeowners and bullding
cliants to utilize the systems,

Solar Dwoelling Design: A Sunny Future

Diligence and dedication on the part of advocates of
solar energy are necessary today to ass're wide-
spread use tomorrow. Problems of inertia should

be overcome by 'he present federa! effort to
support solar research. development, and applica-
tion. However, in the long run the use of solar
energy 1o heat and cool buildings will increasingly be
dependent on the actions of consumers. building
chents, manufacturers, suppliers. designers. state and
lo:al code officials, and lending institutions, and
other participants of the building industry. Without
continued support and direction by these groups
solar energy utilization will remain the interest of
researchers and backyard tinkerers and not a solu-
tion 0 a growing and threatening national energy
and environmental problem.

It has taken thousands of vears 1o arrive at the
threshoid ot large scale solar energy wiilization. A
few more years to nurture the beginnings of govern-
ment, industry and consumer support for an innova-
tion that has the potential 1o change the energy

consumption and conversion paterns of the worid is
cerlainiy time well spent.

The widespread use of solar energy for heating and
caooling has the potenual not only as a fuel source
but as an opportunity 10 reintroduce the sun as a
dominant elemant in our lives. The sun provides
sunlight and sunshine as well as solar energy.
Dwallings which are responsive to all three are
dwellings n harmony with their environment and
their occupants. The use of solar energy 10 heat and
cool can lead to a generation of buildings n har-
mony with their environment. and at the same time
assist in bringing to an end an era of energy waste.
To this end, this publication has been prepared.
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