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The envenope house is a passive solaf ‘u‘esmgn that uses the sun's energy and natural
~ air flog.for heat distribution. . Sémetimes referred to-@s: ;the double envelope house,.
¢ he design became. 1ncreasmgly popu]ar in the late 197Q3:..0ne of the early proponents
iy of the enve'loPe homeiclaimed that the design could previde 100 percent.of the home's

i-Space heatmtj requwements in any climate. The envelope home design’ 1n\ﬂ|gsi\1ate]_y
genaerated né‘tidnmde interest, even though most envelope homes r‘gquwed some supple— .
mental heat’ dumhg the winter. Many design professwnals.were cr1t1ca1 of” f;;hé’ design,’
however, cl¥iming that the envelope home:would not meet its- des1gners exp,e:c dtions.
WhiTe the debate olér: ‘performance c0nt1nues, a number of envelope homes have been
built in both Westéfn and Eastern Washington.

DESIGN OF THE ERVELDPE HOUSE c gt T .
The envelope.. haﬁéeiﬂemgn differs significantly from other passwe solar. des1 n\s 1n ¢
that the énvelgpe home does not d1rect1y #se the sun's.energy for heatip lnt irior '
Tiving: spaces. Instead, the hpme is'cohstructed- i‘:@'ap{‘ONde a &oqpnpgus ]oop of solar
heated air around the 1iving®sphce of the home '(seenfigure i). )

e & The enve]q e e typically uses
v s *yia full sou% f%'?:]mg greenhouse tg
r&h nt  collect sqiﬂar,,energy As @iris |
N ha@teﬂ,uiﬁ}\w Qhu. greénho‘u&.e ah v o
BN fﬁ space, Lt rises, to ;Hh top of the ..
& Ty . 311 o
ik L N RS : . gcee_nhpgsq.,an¢,ent€fs throifigh large
_ HABTE S i . sgr¢ syent apeas intg.an attic space or
; (o l@nuR.10.the céiling of the home.
. -Both s:des of .this ce111rfg plenum
e g .ane. insylated. . This war'm dir -
wa trayels across ‘the ceihng plenum.
.n until. it_reaches the north wall.
. 4 . s The perthiwall-of the. home s buﬂt X
B E e ot W, = e R ot )40 -'--, mmh«a‘,dp‘yple wal 1 construction
pacti! B e 4 whigch-creates, a c,av‘:ty ‘or air space
RO WEAT e W ,n awithing the wgll Agam ‘Hoth sides .
i+ afdhe nenth ha” are insufated. i
) dhen  fthepitheqgir flow'; @rom the ceiling  .na:
~jenam plgnumsreaghes. the narth wall it =0 st
F‘1gure 1 - Dajhn’ne“ﬂeatmg : :,.| . 6ROLS. somewh IE an‘d thereby becomes :
o tamore dense. . bray n;y pulls the air
VP n.duwnxthrouqh tfle narth wall cavity
:nto ,a,;,qr‘awl s,pqice “§F baséilent area ofithe homeas As the,air sircu, t.cis thi‘ough this
i wnderf ooy area.f1t tr‘adsFers 'ts *pematn ingoheat tm)thq,.spgrage ma grm} Tocated in .
the‘underﬂqﬁr space: ROCKS, water, earth,or anearih- gravel nmxtyr have all been T
TR usaﬂ a5, L:gat stﬁrage mateﬂals “The: envedopes 1oop:is-£gmp]leted, by, a]?p ving ‘the air 1
rigy yin.the. gdeqﬂoior aréa’ to? Eireilate 'backivintos theagreenhpuse,. .- Acco,rclmg to the designis
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nre ?rl,q!naj:o ,"“pmvﬂhnq ol A continuous! 1onp'ef conditiongdair apound. the hnme creates *
10 £ 8 Oglerated cnyworuneqt FoReAhE nterior 4iving, spaces.; . Interior, ,w@U Lare exposed, .
therefore. to. ‘tenperatures! SubStantially wanmen, than outdonr atr‘ te%;prer‘atures
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In theory, this daytime air flow pattern would be reversed during the nighttime hours
(see Figure 2). The heat storage material in the underfloor area would give up heat

to the loop which would circulate up “through the north wall, across the attic, and down
‘through the greenhouse space. Thus, the envelope loop would have constantly moderated
“temperatures in both day and night.
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Figure 2 -- Nighttime Heating Figure 3 -- Summer Cooling

The summertime cooling operation of the envelope design called for the use of

vents in the high point of the greenhouse or gable vents in the attic space (see
Figure 3). As the temperature rises in the greenhouse, warm air would exhaust out of
of these vents. The venting of warm air would allow cooler air from the home's north
side to be pulled through the envelope loop.

CRITICISM OF THE ENVELOPE DESIGN

While few designers and engineers doubted the summertime performance of the envelope
house, a number of design professionals expressed reservations on the home's operation
during the heating season. One of. the most common criticisms concerned the daytime
air flow patterns within the envelope loop. Critics have contended that there would
be insufficient energy to drive a uniform air flow through the envelope loop under
most conditions. Gravity-forced convection currents typically have very Tow air flow
rates, particularly when floor and ceiling joists extending into the loop create air
turbulence. Critics claim, therefore, that the daytime convective heating loop
described in the theory of the design would happen only infrequently.

Similarly, a number of people have been skeptical of the nighttime operation of the
envelope design. Many critics have doubted that the stored heat in the underfloor
area could create a uniform nighttime air flow. Again, insufficient energy would
be available to drive air up the north wall and across the attic space.

In addition, envelope home critics have claimed that the design makes inefficient
use of solar energy. Critics first note that it requires a loss of heat from the
narth wall cavity to drive the convective loop during the day. Existing envelope
homes with temperature monitors have recorded a 15°F to 250F drop in air temperature
between the top of the greenhouse and the bottom of the north wall air cavity. The
envelope design sacrifices this solar-heated air to drive the convective loop instead
of storing it in a heat storage system. Other critics cite the design's inefficient
use of solar energy by describing an operational paradox. It seems that the air
flow through the envelope loop would be greatest when high temperatures are recorded
in the greenhouse. However, high greenhouse temperatures also increase the rate of
heat loss from the greenhouse structure itself, thus reducing system efficiencies.

Other criticisms have centered on the ability of the envelope home to store significant
amounts of heat. in the underfloor area. Initially, critics contended that there would
not be much energy left in the air as it circulated through the underfloor area. There-
fore, only a small quantity of heat could be stored. Additionally, the point is made
that the underfloor air would stratify leaving the cooler air in contact with the
storage medium.




Design professionals have leveled a number of seemingly valid objections to the envelope
home design. Questions concerning air flow patterns, design efficiencies, and heat
storage in the envelope house raise serious doubts on the practicality of the design.
Notwithstanding this rather long list of criticisms, however, the actual performance

of existing envelope homes has generally been quite good. OQwners have reported their
homes as comfortable, aesthetically pleasing, and only needing a small amount of
auxiliary heat to maintain warm temperatures. Monitoring of existing envelope homes

has indicated that the annual heating load for the home has rivalled heavily insulated
(sometimes called "superinsulated") homes in similar climates.

Recent research into the operation

IMMER OUTER of the envelope design has yielded a
WALL WALL : number of factors which help explain
________AG_——F=;::;‘ its performance. Initially, it seems
‘[”*&_[ ‘ that the envelope design provides an
N [N A :5 I ixcgllent)insu]atizg cip_zabili#: due
L~ 0 1ts unique construction. e
DAY > PLEHUM ><;_) inner wall, which is insulated, is
R-19 Eiﬁﬁ separated from the insu]at?d outer )
g ) N wall by the envelope loop (see Figure 4).
_ ‘%ﬂﬁ?ﬁe ;:>”< Temperatures within the loop are
?~§h4150—55°r >1}>-< typically moderate. This double wall
< > construction provides an insulating
[ o~ value that rivals that of a super-
|- D insulated home. The result is a low
rate of heat loss and warmer wall
surface temperatures that increase
Figure 4 -- Wall Profile occupant comfort.

Another aspect of envelope home

construction that helps explain its
performance is its level of air tightness. The envelope design overcomes much of the
effect of cold air infiltration that occurs with a conventionally constructed home. In
the envelope home, cold air that infiltrates the outer wall mixes with the air
circulating through the double loop. Therefore, direct cold air infiltration into
living spaces will be reduced. In addition, the inside wall is not exposed to the wind,
thereby reducing wind-driven cold air surges experienced in many conventionally
constructed homes. The air infiltration into living spaces that does occur in envelope
homes will have been warmed by air temperatures within the envelope loop.

Finally, performance of the envelope home can also be explained by the effects of ground
source heat on temperatures within the envelope loop. Because the underfloor heat
storage system is in contact with the earth, it is possible that envelope loop air is
tempered by heat from the ground. During the night, as temperatures drop within the
loop, heat from the ground is given up into the loop. Temperatures within the loop tend
to stabilize within a few degrees of ground water temperatures. In the Puget Sound area,
this might typically be in the range of 530F to 550F. The release of ground source heat

greenhouse area or both. Thus, during the nighttime hours, the spaces within the north

wall and the greenhouse area are tempered with ground source heat.

[t seems that the contribution of ground:source heat to the envelope home's performance
may be more significant than the home's solar features. Designers are reacting to this
information by paying greater attention to underfloor heat storage. Many recent
envelope homes have used 6 to 8 inches of dirt, cleaned of any organic material, as

the heat storage medium. A polyethylene vapor barrier is typically placed under

this dirt storage system and the sides insulated for better heat retention.

SPECIAL CONSTRUCTION DETAILS OF THE ENVELOPE HOUSE
Because the design of the envelope home differs significantly from conventional homes,

a number of construction details should be mentioned. The double wall construction on
the home's north side represents the most radical departure from conventional construc-

tion. The exterior wall is typically set on the foundation with the inner wall as

non-load bearing. A plenum of 8 to 18 inches is created by this double wall construction.

The walls themselves are conventionally constructed, however, of 2 x 4 or 2 x 6 framing.
In Western Washington, vapor barriers are often installed on the warm side of both walls,
that is, the room side of the inner wall and the loop side of the outer wall. Some
building departments, however, will require vapor barriers on both sides of the plenum
chamber. Windows on the north wall are often framed into.both the inner and outer walls.
By using double glazed units, four panes of glass separate the interior living space

from the outside. [n some designs, the north wall windows are placed in the exterior
wall only by hoxing out the inner wall with a window seat.
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the east and west walls of the home are of conventional wood frame construction but
should be heavily insulated (at least to R-19). The south side greenhouse structure
is constructed with a Targe area of double 9lazing for solar collection. Window area
between the home and the greenhouse should be double glazed.

One of the most significant problems in the construction of the envelope design is the
question of fire prevention in the north wall air space. If a fire were to start within
the envelope loop, it might spread rapidly throughout the home. Most local building
codes will require some provision for fire safety within the north wall cavity. Existing
envelope designs have used one or more of three methods to ensure fire safety, First,

it is possible to install an automated sprinkler system within the north wall loop. In
case of fire, the sprinklers would operate to put out the fire. Accidental operation of
the sprinkler system, however, could cause significant water damage within the north
wall. A second fire prevention method is to line the north wall cavity with 5/8"
plasterboard. The plasterboard is fire resistant and provides a one-hour fire orotection
for the north wall. Both sides of the north wall must be lined as well as the floor and
ceiling joists which extend into the loop. Installing the plasterboard is time consuming
and therefore increases construction costs. A third method of fire prevention is the
installation of fire dampers on each floor level. Wood dampers of 1% inches can be held
open at each floor level within the north wall by a fuseable 1ink. The fuseable link is
a solder connection which will drop the damper closed to create a firestop when critical
temperatures occur within the loop. Dampers are accessed by service panels in the north
wall. Since requirements for fire safety vary considerably between areas, local building
departments should be consulted.

HEW IDEAS FOR THE ENVELOPE HQUSE

Continued research into the envelope home has yielded a number of suggested changes in
the design to both hold down cost and increase performance. Some envelope homes may use
a fan to assist the flow of air around the loop during sunny periods. Other designers
are modifying air flow through the underfloor space to.increase thermal contact between
the air and the heat storage medium. To lower construction costs, some designers have
suggested building a single heavily insulated north wall with air ducts to provide for
loop circulation. Finally, some designs are attempting to make better use of solar
energy by incorporating conventional passive solar strategies into the home such as a
trombe wall or direct gain. Each of these design changes are an attempt to preserve the
basic concept of the envelope, but also increase the total efficiencv of the home.

ECONOMICS OF THE ENVELOPE HQUSE

While the envelope home typically requires little auxiliary heat during the winter,

the construction cost of the home can exceed the cost of conventional construction or
other passive solar home designs. Increased material costs for constructing the double
wall on the north side and the two roofs can drive up total home cost significantly. In
addition, providing for fire protection in the envelope design can also increase costs.
On average, the envelope design can add 10 percent or more additional cost over conven-
tional construction. If the greenhouse area is considered as living space, the square
foot construction cost of the envelope home i$ somewhat reduced. In most instances,
however, this still results in higher constru¢tion costs than in a conventionally
designed home.
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WHERE CAN I GET MORE INFORMATION?

In the Puget Sound area, the Washington Eneray Exterision Service offers
free programs on envelope homes and passive solar design. To find out
when and where the next program will be, call 344=7984 and ask for tape
W #1000 -- a week by week listing of Washington Energy Extension Service

programs. In addition to these prograins ; the Vlashrington Energy Extension
Service maintains resource libraries for pubTi¢ use which contain rnumérous
publications pertaining to solar energy. To find gut more about the
resource libraries, call 344-7984 and ask for tape #1007.
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