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Phoro Sharyn Towle

Socrates . . . on passive solar design

"Now in houses with a sourh aspect, the Sun’s rays penerrare
info rhe porticoes in winrer, bur in summer the parh of rhe Sun is righr
over our heads and above the roof, so rhar there is shade.

If, then, rhis is.the besr arrangemenr, we should build the sourh
side loftier ro ger winter Sun and rhe north side lower ro keep our the
cold winds.

To pur ir shortly, the house in which rhe owner can find a
pleasanr refrear ar all seasons and can srore his belongings safely is
presumably ar once rthe pleasantest and the most beauriful.”

c. 4rh Cenrury, B.C
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" .. a pleasant retreat at all seasons”

We are moving our of the era in which rhe flick of a swirch or
rhe rurn of a dial prorecred us from the somerimes harsh wearher of
rhe four seasons. Realizing rhar cheap supplies of oil, narural gas, and
elecrriciry will nor be ar our fingertips forever, we are discovering new
ways ro live—wirh less reliance on rhese familiar energy sources, bur
withour sacrifice of comfort or sryle.

Millions of our homes reflecr the arrirudes of a fime when
energy was cheap and available. Because rhey were builr wirh lirfle
concern for the worlings of narure, many have no place in an energy-
efficient sociery

Today's homes and buildings musr be consrrucred—or
remodeled— ro ralke advanrage of rthe “free” energy in the warm
winrer sun and in cool, summer nighr breezes. Today, the most
appealing homes are rhose thar use rhe least energy while providing
rhe mosr comfort.

Conremporary builders, designers, and homeowners of rthe
1980s are looking back in history ro combine the besr of the old with the
besr of the new. Through common-sense archirecrural rechniques like
passive design, we are rediscovering rhe imporrance of working wirh
rhe Sun and rhe Earrh ro construcr for ourselves “pleasant refrears ar all
seqsons.”’

Simple. Effecrive. Beauriful. Economical. Passive design allows us
ro worls wirh narural forces insread of barrling against them. Passive
design reaches us ro build wirh rhe climare and rhe land, and 1o use
marerials thar will collecr hear, store i, and release ir to living spaces
when we need o be warm, and ro rhe sky, ground, and armosphere
when we need relief from rhe hear

The use of passive design ro hear or cool our homes is hardly a
new idea. Early civilizarions depended on close and harmonious
coexistence with rhe Sun, rthe wind, and the heavens for survival. Their
dwellings, builr ro embrace rhe elements rarher rhan fighr them, are
good examples of the passive solar principles we are rediscovering
roday

There is norning mysrerious abour passive design. Today's
passive homes use conremporary versions of ancienr principles and
enhance them wirh proven merhods of energy conservarion and 20rh
cenrury building marerials. The end result? Pleasant refrears which draw
rheir energy from rhe surrounding environment, raking in only whatr is
needed for comfort and leaving rhe rest.

Throughour history, proper orienration to
rhe Sun's path has been rhe key ro a
comfortable home. Cave and cliff
dwellings, many of which still srand in
the American Sourhwest, were open o
collect and sfore the Sun’s warmrh and
release ir info living areas affer sundown.
Today, we use sourh-facing windows
rhar admir the Sun's rays and prorect us
from less welcome inrrusions by wing,
rain, snow, and animals and insecrs.
Marerials such as bricks, stone, adobe, or
warer provide hear-absorbing and
-reraining rhermal mass in roday’s passive
homes Phoro — National Parls Service

Tradirional New England salrbox
houses used sharply angled roofs
ro deflecr cold northerly winds. A
2-story south face was designed
ro collecr rthe Sun’'s warmrh; the
house's darlk-painred surface also
absorbed hear. Energy-conscious
archirecrs roday design north
walls with few windows or doors
and use siraregically placed
evergreen frees as windbrealss
Phoro — Source Unlknown

Sourhern planrarion homes were
builr wirh broad verandas
surrounded by large, leafy rrees
"0 provide shading from rhe
summer Sun. House designs
included inrerior hallways and
doors rhar allowed for cooling
cross-venrilarion in nearly every
room. Conremporary floor plans
and rhe use of overhangs or
rrellises serve rthe same purpose
roday
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" ..to keep out the cold winds"

Simply incorporaring passive design rechniques info a new home
or addirion is no magic guarantee of yeartound comfort. Passive design
should be viewed as a supplement ro energy conservarion measures,
nor as a substirure for them. Ulrimarely, the proper reaming of borh will
yield the grearest savings of money and energy.

Prorecring a house against the elements rhrough energy
conservarion pracrices is rhe first crucial srep in crearing an inside
environmenr rhar remains comforrable rhroughour rhe year. By using
passive design rechniques rhar open a house up ro rhe warm winrer
Sun or cool summer breezes, a homeowner can further increase rhe
benefirs gained through energy conservarion.

An energy-conserving home demands less energy rhan irs drafty,
uninsulared counrerpart, necessiraring a smaller, less expensive hearing
or cooling sysrem of any rype. Because rhe inrermirrenr narure of solar
energy does nor lend irself ro misuse or wasre, incorporaring passive
design wirhour relying heavily on sound energy conservarion merhods is
senseless and a waste of money.

the nature of heat

Hear is predicrable—given the chance, ir will always flow
roward a colder spor. The narural rendency of hear (wherher generared
by rhe Sun, a forced air furnace, or a radiaror) is ro sneals through walls,
floors, and roofs, and around windows, doors, chimneys, and elecrrical
ourlers in a feeble arrempr ro moderare colder ourside air. Ar the same
rime, cold air consrantly seeps info a home. As much as one-half of a
house's hearing bill may go roward counreracting warm and cold air
rhar won'r sray pur.

There is lirrle sense in spending dollars and energy ro hear a
house rhar leaks lilke a sieve. Solurion: increased wall and ceiling
insularion, wearhersiripping and caullking ro plug up cracks and holes
and keep cold air from snealing in, and srorm doors and double-paned
glass ro cur down on hear loss through hear-conducting windows and
doors. Although mosr energy conservarion practices focus on keeping
houses warm in winrer, they can also be effective in moderaring inside
remperarures during hor, summer wearher.

.5/;#77/7()/5

-Vent stacy,
-Windows :

Hear leaking from a house rravels
in rhree basic ways. Hear lost
rhrough conduction rravels
rhrough solid objecrs such as
roofs, walls, or floors. Air moving
rhrough craclss around doors,
windows, or elecrrical ourlers
carries hear with ir via
convection. Lilke a glowing

fire, @ warm house is

consranfly giving off hear ro

rhe armosphere through radiation.

Builr in 1920, rhis house originally
had virrually no wall or attic
insularion and few sourh-facing
windows. In rheir "new” passive
home (phorograph on opposire
page), owners pay lower fuel bills
and are able ro enjoy their
baclkyard view from sunny rooms.



beyond insulation
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Well-designed passive homes incorporare energy-saving fearures
beyond standard improvements such as insulation, wearherstripping,
and caulking. Depending on rhe specific location and design of rhe
house, a variety of methods are suirable for addirional energy savings in
borh new construction and remodeling.

Residents of houses built inro the side of a hill or surrounded on
several sides wirh mounded dirt called earth berms are more likely ro
enjoy warm winrers and cool summers. These berms provide excellent
buffering, since the yearround remperature of earth below rhe frostline
is considerably warmer rhan winrer air and cooler than summer air.
Parrially underground homes, which are gaining in popularity, rely on
the earth berming conceprt for mainraining comfortable indoor
remperarures.

The remperature of a room or of an entire house is upser
every rime an exrerior door is opened. Air-lock entries (most
commonly known as vestibules) are reappearing as a popular way o
keep incoming blasts of cold or hor ourside air fto a minimum.

Depending on the size of the enfryway, it may be useful for
storing recreation equipment, outerwear, and Mmuddy boors or shoes.
Simple air-loclk enfries can be added ro mosr exisfing homes; some can
be builr as weelkend projects by skilled do-ir-yourselfers.

Effecrive placemenr of vegetation is a narural, simple way ro
prorect a house from winfrer or summer extfremes. Summer
overheating problems can be parrially solved using building overhangs
or trellises of planrs. Properly designed overhangs block the high,
sharply angled summer Sun from enrering sourh-facing windows and
provide shade for building walls. Leafy plants provide summer shading
and, once leaves have dropped off, allow winrer Sun ro penetrare
windows. If year-round prorection of walls, doors, or windows is desired,
evergreen frees may be planred as a windbreak.

> J/}/{m

FiA An airlock enfry made of double

windows and locared on the
sourh side of a house becomes a
mini-solar greenhouse, even wirh
frequent opening and closing of
doors. The solar hear collecred in
the entryway will keep hardy
planrs healrhy and can provide a
warm welcome on a cold, snowy
day.

= =

Leafy plants provide shading for rhis balcony and the room behind ir during hor, summer
months. When the plants have losr their leaves, the low winter Sun will shine directly onro
building walls and windows
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windows: heat robbers

Hear slipping back our rhrough the very windows rhar lef it in is
a major concern for a passive solar dweller. In a well-insulared home,
rhe major source of hear loss is windows, which allow hear ro escape
rhrough rthe glass and through cracks around window frames and
panes. Even riny cracks and holes which are hardly visible provide a
passageway for cold air ro seep in and warm room Qir fo escape.

Tighrly firring movable window insularion helps keep hear in
during nighrrime or cloudy periods and also helps ro keep a house
cooler during rhe summer. Most designs can provide daytime privacy, roo.

Movable insularion systems can be as complex or simple, as
inexpensive or elaborare, or as functional or decorative as rthe
homeowner wanrs. Most, however, are manually operared and fairly
simple in design. The insularion can be used with single-paned
windows or, in some siruarions, reamed wirh double-paned or storm
windows for even grearer effectiveness. More elaborare sysrems are
available wirh small morors or remperarure-controlled devices thar
auromarically close the insularion during sunless rimes and open if so
rhar rhe sun's rays can pass rhrough for warming inrerior spaces.

Solar energy and conservarion equipment suppliers, home
furnishing srores, or hardware ourlers sell a variery of movable insularion
producrs; some designs are simple enough for rthe do-iryourselfer.

Types of movable insularion include:

® Serin-place or hinged panels made of fiberglass or rigid

insularion, covered wirh wood or fabric;

® Shades, shurters, or drapes made of layers of insularing fabric

rhar seal rightly ar rop, borrom, and sides, and may run on
rracks for a snug fir;
® Specially designed louvers wirh hear-reflecrive surfaces. Some
louvers may be darlk on one side ro absorb hear and
“silvered” on rthe reverse ro reflecr the harsh summer Sun; and

® Foam beads blown berween double windows and then
suclked our by a small moror.

Like any energy conservation product or home improvement
measure, movable insularion should be selected with a grear deal of
rhoughr. Arrenrion must be paid nor only ro providing the highesr
efficiency ar rthe lowesr cosr, bur also ro choosing a producr rhar
complemenrs home decor and inhabiranrs’ lifestyles.
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More complex movable insularion
systems may incorporare heat-
sensitive confrols rhar
auromatically open or close, liff or
drop insulation ar appropriare
rimes. However, the effecrive use
of movable insularion ralkes little
more time and efforr than do
purring the car our ar nighr and
putting rhe coffee on in rhe
morning.



. . .the sun’s rays penetrate in winter. . .”

Most homes builr in this country in recenr years have been
placed in neat, ridy rows wirh front doors all facing the same direction.
A closer look may reveal rhar many were builr wirh backyards or play
areas siruared on rhe north side of the house, or wirh long walls facing
east and west. Often, shadows from adjoining buildings or frrees allow
lirrle sunshine to fall on the house’s walls and windows.

Increasingly, however, builders and homeowners are realizing
rhar the direction a building faces (irs orienrarion) plays a major role in
determining rhe strucrure’s abiliry ro collecr solar hear in the winrer and
reduce overhearing in the summer.

sun paths and angles

The rilr of rhe Earth as ir revolves around the Sun is responsible
for our seasons. The summer Sun rises slightly north of east, trravels in a
high arc across rhe sky, and sets north of frue wesr. During winrer
monrhs, when the Sun’s angle is low, most solar radiarion will fall on a
building’s sourh-facing walls or windows.

In summer, when the Sun’s angle is high, the roof and easr and
west sides of a building receive the grearest amount of sunshine.
Building a house with the smaller ends facing east and wesr will
reduce rhe impacr of the Sun when ir is sfrongesr. During the winrer,
rhe broad sourh-facing side of the house is exposed ro rthe Sun for
collecring solar hear.

Walls rhar face north and receive lirtle direcr sunshine should
have as few windows or doors as possible; entryways should be locared
on a sunny side of the house. When ir is necessary or srrongly desirable
ro place doors and windows on rhe north side of a house, double
entryways and movable insularion become increasingly imporrant.

Arrenrion must be given ro the placemenr of a house on rhe
building sire. Generally, the north side of a house's yard receives lirtle
or no direct sunlighr throughour the winter, making it inappropriare for
play areas (excepr an ice slkaring rink!). Placing rhe house along the
northernmost lor line opens up sunnier, sourthern areas for gardens and
recrearion. Care must be raken nor ro block sourhern Sun from
neighbors ro the north.

Windows on the sourh side of

a house collect the grearest

amounts of solar hear during
/ rthe winrer when the Sun is

low in rhe sky.

During hor summer monrhs, a
properly designed passive
house will nor overhear. Roof
overhangs are one way of
keeping the high summer Sun
away from sourh-facing win-
dows and orher glass areas

Placing house on lor's north side
[4/ opens up sunny areas for
recrearion, gardening.




The imporrance of proper
orienrarion can be illustrared in
rhese homes in widely varying
climatic regions of the country.
Careful orienrarion and window
placemenr provide this Yakima,
Washingron, house wirh 80% of
rhe hear needed in winrer, and
summer remperarures rhar
average 10° ro 15° cooler than
rhe ourdoors. Heating bills for the
1979-80 winrer season foraled
$51, according to the home's
wner, who says he "doesn't even
know if the elecrric backup
furnace works." Solar energy is
collecred by triple-paned sourh-
facing windows and stored in
a concrere floor; when
necessary, an air-righr
woodburning srove provides
supplemental hear. According o
rhe owner, cosr of building rhe
home was 8% below
conventional consrrucrion Cosrs in
rhe area
Owner/Builder—John Shaw;
Phoro—Wesrern Solar Urilizarion
Nerworls

The passive design fearures of this
Duxbury, Massachuserrs, home
supply more than half of the hear
needed. An adaprarion of the
colonial New England salrbox,

rhe house has a 2-story south-
facing side, a sloping north roof,
and few windows on north, east,
and wesr sides. Bedrooms and
living areas are on rhe sourh side
of rhe house ro rake advanrage
of south-facing windows; less
frequently used rooms such as
barhrooms and srorage spaces
are placed ro the north

Photo — Allen & Mahone,
Archirects



passive solar, active solar

The words passive and active are commonly used ro describe
rwo approaches ro solar energy use. Either rype of solar heating or
cooling system performs three key functions: collecring solar energy
when it's available, sroring ir for use during rimes when it's nor, and
delivering ir ro spaces thar need ir. Borh acrive and passive sysrems can
hear or cool living spaces as well as hear warer for laundries, barhs,
and kirchens, and can be combined ro form hybrid sysrems.

Passive designs depend primarily on narural hear flows. In one
rype of passive system, warmrh may be collecred from rhe Sun shining
direcrly rhrough windows, and srored in rhe building’s walls,
floors, and inrerior—lirtle addirional energy is needed ro operare a
passive system. During hor wearher, a well-designed passive home
is shaded ro minimize overhearing. Carefully posirioned venrs
or windows also allow hor air o rise our and away from
living spaces.

Acrive systems, which use fans or pumps ro frransport sun-heared
aQir or watrer, rely on electricity ro operare.

In many insrances, ir makes the Mosr sense o incorporare borh
passive and acrive systems info new homes or addirions. Specific site
and construction derails must be analyzed carefully ro derermine the
besr system—or mix of systems—for any given siruarion.

heat collection and storage

Every strucrure collecrs some portion of the sunlighr striking ir;
building marerials and color, orientarion ro the Sun, and floor plan
further influence a building’s capability fo rrap warmrh. A properly
designed srrucrure will rake full advantage of rhis collection process and
supplement ir wirh hear storage, natural ventilarion, and summer
cooling capabiliries.

Because of irs properties, ordinary window glass is a key
element in rrapping the Sun’s warmrh and plays a major role in
crearing the "greenhouse effect.” Most people have experienced rhe

"greenhouse effecr” in a car parked in rthe Sun. The glass in the windows

of an auromaobile allows much of the sunlighr ro pass rhrough. Once

inside, sunlighr is absorbed by sears, dashboard, and floor, and reradiared

as hear, which does nor readily pass back rhrough the glass
Consequently, remperarures inside the car conrinue ro build as rhe
‘greenhouse effecr” is pur info operarion

8
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This prefabricared (panelized) home in Acron, Massachuserts, combines acrive and passive
solar collection ro supply an esfimared 78% of the building’s hearing needs. The acrive
system provides abour 40% of rthe toral, bur contribures about 70% of the energy needed
for hearing domesric hor water. Passive solar collecrion through sourh-facing windows,
sliding glass doors, and a small solarium provides the rest. Phoro — © Acorn Structures, Inc

S

The "greenhouse effect” causes cars — and homes — fo heat up narurally




Many of roday’s conventional homes have south-facing windows

rhar allow sunlightr and hear ro enrer rooms. The daytime heatring L
needs of these "sun-tempered”’ houses may be mer using only rhe
Sun’s hear, bur the buildings lack rhe sforage component rhar rypifies
rrue passive homes. In well-designed passive homes, common marerials
rhar can absorb fairly large amounts of hear keep living spaces from
overhearing during rthe day and help ro moderare remperarures over
rhe course of an evening or cloudy afternoon

Dense marerials such as concrete, bricls, adobe, or warer,
locared in floors, walls, room dividers, fireplaces, or furnirure exposed ro
rhe Sun provide rthermal mass, soaking up enough hear ro keep living
spaces comforrable rhrough a cold nighr or sunless period. Hear is
rransferred narurally ro surrounding areas by radiarion, conduction, or
convecrion. The rype, locarion, and surface area of thermal mass
derermine how quickly or slowly hear is absorbed and released ro a
living space. Local climare will also play a role in the rechnique’s
effecriveness

Passive solar collecrion doesn't rakke place only rhrough south-
facing windows; neither is it necessary for the entire sourh side of a
house ro be covered wirh glass. In facr, the windows in many of roday's
conventional homes could help provide passive solar hearing if rhey
were simply moved from north, easf, or west sides, and placed on rhe

sourh. Solar energy may also be collecred rhrough skylights, clerestory Exposed ro direct or reflecred s

~liahr
light

admirted by sourh-facing windows, concrere, rile

windows, or rhrough the glazed walls of arrached greenhouses brick, adobe, srone, or warer in conrainers can absorb and srore hear

solariums, or sunspaces. Sliding glass doors leading ro rerraces or parios
are also solar collecrors in a passive home. Properly placed, glass areas
can rake full advanrage of rhe winrer Sun yer be shaded from rhe
harsher rays of summer

The collecrion and srorage elements of passive hearing and
cooling sysfems can be incorporared in a variety of arfracrive home
designs. No one particular floor plan or archirectural style is necessary—
passive design worlss well with Cape Cod or conremporary, southwest
adobe, or ranch styles. Whar will differ asnong passive homes is the
placement and amount of south-facing double glass; size, rype, and
placement of thermal mass for storage; and use of vents, dampers, or
fans for moving heared or cooled air from one place ro anorher. The
precise mixrure of various elements will depend on rthe specific narure
of the home sire; further refinements can be made ro march the rastes
of individual dwellers.

In this Virginia home, a bricl
divider wall and rile floor serve as
rhermal mass, absorbing and
storing hear from south-facing
windows. East-facing windows ar
rhe right of rthe phorograph
provide early morning narural
breakfast light. Exterior sliding
wooden doors insulare the
windows ar nighr and during
sunless periods

Archirecr — Billy Born;

Phoro - Tennessee Valley
Aurhoriry



The rerms direct, indirect, and isolated are used ro describe
approaches ro designing and building passive structures. Depending on
rhe individual house design, more rthan one approach may be combined
for maximum efficiency, affordability, and aesrhetics.

In a direct hearing design, rthe simplest of all solar hearing
systems, solar radiarion shines through windows directly info a living
space, where it is absorbed and rhen converred ro hear in floors or
walls which serve as thermal mass. Ar night, stored hear flows from the
warm mass surfaces ro the cooler living space.

Wirh rhe indirect approach, sunlighr strikes rhermal mass before
it enters the inrerior living space. Hear is first absorbed by the water or
masonry mass positioned directly behind sourh-facing glass, and rhen
released ro rhe room by radiarion, convection, and conduction. Movable
insularion between the mass and the double-paned windows may be
used ro lessen nighrrime hear escape.

In an isolated hearing system, solar hear is collected and stored
in an area set apart from the living space. Because the living area is
nor direcrly exposed fo the Sun, the amount of hear ir receives can be
more closely controlled than with other systfem approaches.

E S

This home in Los Alamos, New Mexico, collects solar hear direcrly through south-facing
windows and skylights, and srores if in brick floors, adobe walls, and rwo rock beds
under rhe floor. Skylighrs are firred with insularing panels thar open auromatically when
warmed by the Sun. Typical heating bills in the area may average more than $1000
annually; these homeowners, however, have never rurned on their electric backup
furnace. The Sun provides 90% of the hear needed; a woodburning sfove and fireplace
provide rhe resr Phorto — Gerrit Zwarr, Archirecr
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Direct hearing can be as easy as
opening insulared drapes or
shurrers and “letting rhe sun
shine in.”

One indirect hearing system uses
a rhermal srorage wall. Hear is
conducred rthrough the wall and
rransferred direcrly into rhe room
by air circularion rhrough high
and low venrs

Example of an isolated sysrem
uses collecrors mounred below
living spaces. During rhe day
heared air rises narurally from
collecrors ro either storage or
living areas. Ar night, hear flows
from storage fo living areas
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The performance of rhis direct gain house in Srarlville, Mississippi, proves thar passive

design worlss well in hot, humid, southern climares. In an area where rhe mean

January remperarure is 43°, owners of rhis subdivision home save 75% ro 85% on

winrer hearing bills. In the summer, air conditioning bills are cur by 30% ro 50%,

largely due to straregic window placement, overhangs thar keep our rthe high summer

Sun, and maximum insularion levels. The builder esfimatres that energy conservarion

measures added abour $800 ro rhe cost of rhis house in 1975; anorher $400 wenr for

solar considerarions such as increased sourh-facing windows and exrerior movable

shutrers on east and west windows. He also estimares rhar energy-efficienr homes such

as this one are selling ar 3% ro 5% higher than nearby convenrional homes of comparable

size and style. Designer/Builder—Pablo Olkhuysen; Phoro—Sharyn Towle
11



A thermal storage wall (often called a Trombe wall after rthe
French scienrist who studied rhe concepr exrensively) is roday’s mosr
popular use of a masonry storage wall in an indirecr hearing sysrem
The wall, construcred of concrere, brick, or srone, absorbs hear on irs
dark-colored ourer surface and, rhrough conducrion, moves rthe hear ro
rhe wall's inner face. Convecrion and radiarion rhen distribuie rthe hear
ro living spaces.

The daytime heatr fransfer process may be supplemented by
adding vents ar rthe rop and bortrom of rhe wall. A narural circularion
process is generared when heared air in the space berween wall and
window rises and enters rhe living space via rthe upper venr(s). Cooler
room air ar floor level is drawn through rhe lower venr(s) where ir is
again warmed, rises, and refurns o the room. Venrs ro the ourside may
be used ro move hor air away from the living space during rthe summer

A rthermal sforage wall can harmonize well wirth a variery of
inferior design schemes; rhe wall will still perform effecrively with
windows placed in it. Inner masonry surfaces can be plastered wirh
stucco or other conductive marerials, tiled, or decorared wirth small- ro
mediums-sized picrures.

A water wall placed direcrly behind sourh-facing windows
provides thermal mass for indirect hearing. The sun’s hear is absorbed in
rhe warer and fransferred ro the living space by radiarion and
convecrion. Nighrtrime or cloudy day hear loss can be cur down by
using insularing drapes or currains berween rhe wall and rhe window
or by installing movable insularion on the ourside of the wall. As hear is
absorbed by the watrer, the conrainer irself remains relarively cool ro the
rouch. Conrainers for warer walls may be purchased, or can be made
from recycled barrels, rubes, or special-purpose warer conrainers

In the roof pond approach, fransparent plasric conrainers much
like warer bed martresses are placed on a flar meral roof and covered
by movable insularing panels. During the hearing season, insularing
panels remain open during rhe day ro allow the ponds ro absorb solar
hear. When rhe Sun goes down, insularing panels are closed, rrapping
rhe collecred hear. Through radiation, warmrh is then rransferred ro
living spaces below

The procedure is reversed in the summer. Insularing panels
remain closed during rhe day ro prevenr unwanred collecrion of hear
while rhe cool roof ponds absorb hear thar has built up in the house
below. Ar nighr, the insularing panels are opened so rhar hear
absorbed by the warer is released ro rhe nighr sky. The simple cooling
cycle can rhen begin again rhe nexr morning
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n, Connecticur, rhis home collecrs solar energy through cleresrory windows and
‘ solarium and sfores hear in a unique system of warer-filled glass blocks. The
bacl wall of rhe solarium includes windows rhar admir sunlight directly and, when
opened, help ro rransfer hear from the solarium ro the house. In addirion, a major
portion of rh > hear for

evenrs rhe glass

M

raring wall is made of warer-filled glass blocks rhar sro
n and convecrion. An auromaric insularing currain p
sing hear ro the solarium ar night and during cloud ‘

Ol S-gallon warer

rainers sracked on rthe

rhe solarium i

conraQing ce's return-air handling
e gn; the owner uses a wo
n of t mainder Photo—Carl Me:




An add-on solar greenhouse is heared directly by the Sun, and,
in rurn, helps ro hear rhe remainder of the house. Solar greenhouses or
sunrooms are excellenr ways ro incorporare passive design info exisring
houses and can provide hear, flowers or vegerables yearround, and a
sunny room addirion. Venrs or doors and windows allow narural
circularion of warmer air iNfo roomMs

Hear srorage is found nor only in walls and floors, bur in
greenhouse porting beds and planrers or in conrainers of warer.
Movable insularion can be used ro reduce hear loss and associared
drops in greenhouse remperarures ar night; venrs ro the ourside are
used ro exhaust excess hear on mild winrer days or in the summer

Jse rhrough properly ¢

w rhrough upper vent

venrs DACK To The warmer area
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This Wesrford, Massachusetts, house uses acrive solar collectors for domestic hot water
and a cenrral greenhouse, windows, skylights, and sliding glass doors for passive solar
collecrion. The narrow design of the house allows all first-floor living spaces ro ralke
advanrage of the Sun; the greenhouse, as shown, also serves as a brealsfast area
Residenrs burn abour 1% cords of wood each year in a woodburning stove thar provides
supplemenral hear when needed — rhe house has no convenrional backup system. A
hear exchanger coil carries solar-heared warer from roofrop active collecrors. Warm air
pulled from rhe ridge of rthe house is passed over the coil for a remperarure boosr and is
rhen ducred info a roclk storage area below rhe ho S
rhermosrarically acrive blower. Overhangs, insularing shurrers, and
north wall help control summer overhearing
Archirecr—Massdesign Archirecrs & Planners; Phoros—Sreve Rosenrhal




A Philadelphia, Pennsylvania,
homeowner added a roofrop
solarium after making energy
conservarion improvements 1o rhis
100year-old rowhouse. The
solarium provides a 25% increase
in living space, a yearround
garden, and a rooffop cedar
deck. The sourh face of rhe
solarium is made of double-
paned vertical sliding glass doors
and rilred double-paned
windows. Hear is stored in 35
gallon drums and a 300-gallon
ranls filled with warer. In rhe
summer, bamboo shades are
lowered ro prevent overhearing
In March 1979, rhe solarium
remperarure averaged in the
middle 70°s during rhe day and
never dropped below 64°. No
elecrric baclkup hear was needed
When the remperature in the
solarium reaches 85° a fan
system draws excess hear info the
rooms below

Designer—Richard C. Frederre |ll;
Phoros—Solsrice Design and
Building

A solar greenhouse was added to this home in Aurora, Colorado, fo provide a source of
supplemenral hear for the rest of the house, addirional family living space, and a year-
round growing area. A thermosratically conrrolled fan keeps the greenhouse ar 95° —
excess hear is venred ro the house through existing doors and windows.  Inferior view
shows hor rub and warerfilled drums for hear storage. Residents have enjoyed radishes
and cucumbers even throughour the Rocly Mounrain winrer and plan ro begin
hydroponic gardening soon Phoros — Solar Technology Corporarion

15
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energy supplies 60% ro 80% of the hear needed for this house in Durango, Colorado,
rhe house srays cool through mounrain summers as well. Although the house was builr
wirh an electric backup furnace, residents prefer ro use a woodburning srove ro supplement
solar hear collecred by a solarium and 16" thermal srorage wall. During the summer, rhe rop
ow of windows in front of the rhermal srorage wall can be opened ro vent rising hot air
away from the house. A movable insularion sysrem using foam beads blown berween
double-paned windows minimizes hear loss during sunless periods. A small motor sucls our
beads ro allow sunlight ro penerrare windows. Inser phoro shows windows half-filled
Archirecr—DBrian Kesner; Phoro—Paul W. Pixler




deSign for Q" seasons Cool air drawn in on the

windward side of a house
improves crossvenrilarion. As parr
of the cycle, warm air rises and
A well-designed passive home can be as comfortable during flows rhrough high venrs
hor summer months as if is throughour the winrer. The use of srandard
energy conservarion rechniques, coupled wirh careful arrenrion ro
shading and opening and closing of properly locared venrs or windows,
can go a long way roward keeping living spaces comforrable year-
round

Most energy conservarion pracrices worls two ways. Insularion in
walls and roof prevents hear from escaping during the winrer, and, in
rhe summer, prevenrs hear penefrarion and mainrains cooler
remperarures. Movable insularion keeps hear in during cold, cloudy
periods; in summer, insularion prorects windows from rhe Sun’s glare
and hear. Leafless frees thar permir sunshine ro enrer windows in the
winrer are full and lush for summertime shading; overhangs and vine-
laden rrellises bloclks the summer Sun from borh windows and walls.
Overhangs on rhe south are effecrive because of the high posirion
of the Sun during mid-summer days.

Since warmer objecrs radiare hear ro cooler surroundings, the
hear rhar unavoidably builds up in @ house may be radiared ro rhe
cooler nighr sky. Wall, floor, or furnirure marerials which are cooled ar
night can acr as hear absorbers ro moderare indoor remperarures
rhroughour rhe nexr day. Windows or venrs placed low in the house
draw in cooler air ar nighr or from shady north sides, while upper venrs
or windows release hor, rising air. Air flow can be assisted by wind-
driven artic fans

Thoughtful arrention ro
landscaping can resulr in a cooler
house rhroughour rhe hor

summer season. The full summer
foliage of vines, frees, or shrubs
helps ro bloclk the summer Sun
from sourh-facing windows and
walls

Phoro U.S. Departmenr of Energy

This Kershaw, Sourh Carolina
home was designed for a climare
where hot, humid days are
followed by hor, humid nighrs
Hear collecred in rhe solarium is
venred ro the artic and exhausted
rhrough the large venr nexr ro
rhe chimney; narural circularion
is enhanced by a rthermosrarically
conrrolled artic fan. Residents use
conventional air conditioning only
during periods of exrreme
remperarure and humidiny

Phoro — Diclk Lamar, AIA
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the next step . ..

Many elements of passive design are being used in
underground houses rhar rely on buffering qualiries of soil ro keep
inrerior remperarures moderare rhroughour rhe year. Hardly the darls
cavernous places rthar many people associare with underground
living, roday’s underground homes can be filled wirh light, fresh air,
and growing planrs. Many are builr with north, easr, and west sides
ser inro the ground and a sourh face made almost entirely of
double-paned glass

18

Earth berms on rthe east and wesr

sides and rorally buried north
walls help ro moderare year
round remperarures in this New
Hampshire underground home
Large areas of sourh-facing glass
on borh main and lower levels
collecr the hear of the Sun for
rage in brick floors and

nry walls. Overhangs, fin
walls, and wing walls prorecr the
house from winds in winrer while
reflecring lighr info living spaces
These design fearures also
provide summer shading and
prevenr overhearing. Passive
design accounts for nearly half of
rhe home's hear. A cenrral
hearing unir rhar «
wood and/
woodburnir
and dining
rest. Windc
rhe sun's warmrh c

or oil
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for more information...organizations

Archirecrs, designers, and builders around rhe country have
already begun ro incorporare passive design concepts in homes,
aparrments, and commercial buildings. To help inreresred homeowners
or porential homebuyers locare rthe appropriare professionals in rheir
Ciry or stare, various organizarions ar local, srare, and regional levels
offer referral and informatrion services.

Solar professionals may be locared rhrough local or srare
chaprers of the American Insrirure of Archirecrs (AIA), Narional
Associarion of Home Builders (NAHB), the American Sociery of Hearing,
Refrigeraring, and Air Condirioning Engineers (ASHRAE), or orher trade
and professional organizations.

Solar energy associations have been esrablished in more rhan
half of our srares; some cover mulri-stare areas. Pracrically all provide
referral services and many hold seminars, worlsshops, or meerings. Find
rhem in the relephone bools, through rhe Narional Solar Hearing and
Cooling Informarion Cenrer, or from any state energy office, anorher
good source of free solar energy and energy conservarion information.

Energy Extension Service (EES) Centers may be associared with
eirher of the above organizations or wirh orher energy-relared groups in
all 50 srares. They offer personalized service ro people with quesrions on
conservarion, solar energy, or orher renewable resources; stare energy
offices can give further information on specific EES programs.

Solar professionals may also be locared through local
community colleges, adult education centers, or colleges and
universities. Many of rhese insriturions may also offer courses for borh
rhe professional and the passive solar newcomer.

The U.S. Deparrmentr of Energy and orher Federal organizations
are supporting the increased use of passive design for hearing and
cooling in homes and buildings and for commercial, institutional,
and agriculrural uses. Worlk being carried our ar laborarories and orher
research cenrers around the country covers varied facers of passive
design, from development of design rools and analysis merhods
rhrough acrual consfruction of demonstrarion buildings. Addirional
emphasis is being placed on rhe areas of communicarions and
marketing, and on efforfs ro generare inrerest in passive design among
designers and builders as well as consumers.

The following government or government-funded organizarions
are sources of addirional information on passive design. Each may
provide different information and rechnical assistance services; all can
make referrals ro solar energy organizations, stare energy offices, or
orher local resources.

Solar Energy Research Institute (SERI)
1617 Cole Bivd.
Golden, CO 80401

Northeast Solar Energy Center (NESEC)
470 Arlanric Ave.
Boston, MA 02110

Mid-American Solar Energy Complex (MASEC)
8140 26rh Ave. South
Bloomingron, MN 55420

Southern Solar Energy Center (SSEC)
61 Perimerer Parl
Arlanta, GA 30341

Western Solar Utilization Network (WSUN_)
Pioneer Park Bldg., 715 SW. Morrison
Porrland, OR 97205

Tennessee Valley Authority (TVA)
Solar Applicarions Branch

715 Marker 5.

300 Credir Union Bldg.
Charranooga, TN 37401

National Solar Heating and Cooling Information Center (NSHCIC)
P.O. Box 1607
Rockville, MD 20850

Toll-Free (800) 523-2929

From Pennsylvania (800) 462-4983

From Alaska, Hawaii (800) 523-4700
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for more information...books

As passive design regains populariry, many excellent books are
being written for borh rhe novice and rhe professional. Listed below are
some of the besr publicarions available for general informarion on
passive design. Many of them are available in local public libraries and
booksrores, or through local or regional solar energy organizarions.

The Solar Home Book: Heating, Cooling, and Designing with the Sun.
Anderson, Bruce. Harrisville, N.H.: Cheshire Books; 1976

A comprehensive book rhar infroduces rthe layperson ro residential uses
of solar energy. One chaprer is devored ro “soft rechnology,” the
passive approach. Conrains succinct, clear explanations of principles and
concepts; numerous charts, diagrams, and drawings clarify rext.

Sunset Homeowner's Guide to Solar Heating. Anrolini, Holly Lyman.
Menlo Park, Calif.: Lane Publishing Co.; 1978

Alrhough somerimes underplaying passive solar performance, this bools
provides a comprehensive infroduction ro solar energy. Explains solar
hearing in the home for acrive and passive systems, domesric warer
hearing, and pool hearing. Using beauriful color phoros of homes in rhe
Sourhwest, emphasizes comforr and aesrhetics.

The Passive Solar Energy Book: A Complete Guide to Passive Solar
Home, Greenhouse and Building Design. Mazria, Edward. Emmaus,
Pa.: Rodale Press, Inc,; 1979

Conrains most of the informarion needed ro design a passive solar
building, presenred in a way useful ro the beginner as well as ro rhe
professional. Conrents cover general solar theory and applicarions ro
systfem design and performance calcularions.

Natural Solar Architecture: A Passive Primer. Wrighr, David. New York:
Van Nosrrand Reinhold Co.; 1978

One of the counrtry's leading passive architects borh explains passive
design conceprs and provides a philosophical srarement of why
environmenrally compatible and energy-efficient archirecrure is the way
we oughr ro build. Handwrirren rexr makes scanning impossible;
reading rhe book in irs enrirery is worth the rime.

20

First Passive Solar Home Awards. Franklin Research Cenrer.
Philadelphia, Pa. (for the U.S. Depr. of Housing and Urban
Development);, 1979

Winning designs from the 1978 Residential Passive Solar Design
Competirion and Demonstrarion are presenred— 145 new home ideas
and 17 plans for refrofir installarions. Graphics, blueprints, rechnical
informarion, and philosophy of design are presenred for each.

Free from rhe National Solar Hearing and Cooling Information Cenrer,

The Food and Heat Producing Solar Greenhouse: Design,
Construction, Operation. Fisher, Ricl; Yanda, Bill. Sanra Fe, N. Mex.:
John Muir Publicarions; 1976

An easily read, nonrechnical, “whar ro do and how o do it” for
designing, building, and operaring a solar greenhouse. The worls is an
ourgrowth of the Solar Sustenance Projecr; the passive greenhouses
were specifically designed for the dry, high-alrirude, high-sunshine,
Roclky Mountain region.

Sun-Earth: How to Use Solar and Climatic Energies Today. Crowrher,
Richard L. er al. Denver, Colo.: Crowther/Solar Group; 1977

A survey of archirecrure and irs relarionship ro the narural environmenr,
emphasizing rthe holistic building design process and irs components of
people, climare, energy conservarion, funcrion, light, sire, sfrucrure, and
economics. Imaginarive graphics and nonrechnical language convey a
lor of information in a very readable style.

Designing and Building a Solar House: Your Place in the Sun. Warson,
Donald. Charlorre, Vr.: Garden Way Publishing Co.; 1977

This very pracrical, clearly writren book covers nor only passive, bur all
aspecrs of solar home design. Relares climaric areas ro general building
design and describes ways rhat local climaric informarion can be used
in sifing a home. Specifics of acrive and passive sysrems covered in
nonrechnical language.

Low-Cost, Energy-Efficient Shelter for the Owner and Builder. Eccli,
Eugene, ed. Emmaus, Pa.: Rodale Press, Inc; 1976

Spans the range from simple winrerizing projects to full-scale design and
consfrucrion, bur emphasis rhroughour is placed on energy efficiency
and aesrhetic appeal. The 70-page solar section concentrares on
principles for inregraring and harmonizing the sun and narural
environment info home designs.
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A homeowner who has grasped the basics of passive design
may want additional informarion on performance of actual homes or
demonstrarion buildings. The following publicarions provide rechnical
derails and are a good follow-up ro the infroductory worlss.

Passive Solar Buildings: A Compilation of Data and Results.
Srromberg, RP.; Woodall, 5.O.; Sandia Laborarories; August 1977.
Available from NTIS*; #SAND-77-1204, $7.00. 1979 updared version ro
be available rhrough NTIS.

Passive Solar Design: A Survey of Monitored Buildings. AIA Research
Corporarion; October 1978. Available from NTIS*, #HCP/CS5-4113-2,
$12.00.

Survey of Passive Solar Buildings. AlA Research Corporarion; February
1978. Available from rhe Superintendent of Documents, Government
Printing Office, Washingron, DC 20402, Srock #023-000-00437-2; $3.75.

A Survey of Passive Solar Homes. AlA Research Corporarion: o be
available from the Superintendent of Documents, Government Printing
Office, in summer 1980. Conrains 111 brief case srudies organized
geographically.

Solar Control and Shading Devices; and Design With Climate. Olgyay,
Aladar; Olgyay, Vicror. Princeron, N.J.: Princeron Universiry Press. Written
in 1957 and 1963, respectively, these rwo books are classics.

Man, Climate and Architecture. Givoni, B. London: Applied Science

Publishers Lrd. This second edirion of a rexrbook originally published in
1969 covers in derail the relarionship berween physiological, physical,
and archirecrural aspecrs of building design in relarion ro the climare.

Passive Solar Design Handbook. Los Alamos Scientific Laborarory;
Toral Environmenral Action; U.S. Deparrmenr of Energy; March 1980,
Available from NTIS*; #DOE/CS-0127/1-2, $13.25, $14.00, respecrively.
This 2-volume handbools assists designers from “rules of rhumb” through
consfrucrion drawings.

*Narional Technical Informarion Service, 5285 Porr Royal Rd,
Seringfield, VA 22161.

for more information...films

The following films are suirable for general inferesr audiences and may
be borrowed, renred, or purchased for use by schools, libraries, or
communiry organizarions.

Sunbuilders 16mm, 20 minures

Explores rhe progress and porenrial of passive design rhrough inrerviews
wirh builders and owners of passive homes rhroughour the country.
Free loan: Regional Solar Energy: Cenrers and Deparrmenr of Energy
Film Library, Technical Informarion Cenrer, P.O. Box 62, Oals Ridge, TN
37830. Purchase: Narional Audiovisual Library, General Services
Administrarion, Washingron, DC 20409 (Srock A-02139).

New Mexico Passive Solar Buildings 16mm, 13 1/2 minures

Easy-ro-undersrand graphics help explain direcr gain, thermal sforage
wall, and greenhouse examples in a hot, dry climare. Five homes in
rhe srare are used as examples. Free loan: Deparrment of Energy Film

Library, Technical Informarion Cenrer, P.O. Box 62, Oak Ridge, TN 37830.

Design With the Sun: Passive Solar Architecture 16mm, 27 minures

Viewers are raken on a rour of passive solar homes and buildings across
rhe counrry and infroduced ro direcr gain, thermal srorage wall, and
greenhouse rechniques. Climare and sire considerarions, orienrarion,
insularion, and cooling are also covered. Renr/Purchase: Danamar Film
Producrions, 275 Kilby, Los Alamos, NM 87544,

The Solar Promise 16mm, 28 1/2 minures

Covers passive design as well as acrive solar sysrems. Principles are
presenred in conrexr of the Sundwellings project ar Ghost Ranch, New
Mexico, and rhrough examples of homes in cold or cloudy climares.
Renr/Purchase: Henry Mayer, MD., 945 Middlefield Rd., Redwood City,
CA 94063.

Addirionally, a number of organizations and individuals have
developed slide sers or slide/rape shows covering passive design.
Conracr srare energy offices or Regional Solar Energy Cenrers for
informatrion, or ask NSHCIC for irs brochure, “Films/Slides/Videorapes-
Solar Energy for Hearing & Cooling of Buildings,” for a list of addirional
audiovisual marerials.
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