A Solar House in a Cold Climate

A well-insulated, solar-heated house braves New England winters
with only a domestic-water heater as backup

Late in 1991, I was approached
by a New Hampshire couple who
wanted to build a house that
would push the envelope of ener-
gy-efficient construction. At the
same time, they wanted a house
that would be comfortable and
durable, and that would cost no
more than other custom homes in
the area. And they didn’t want the
house to look as though it had just
landed from outer space.

As a designer of superinsulated,
passive-solar homes, | was grateful
for the opportunity to see how
close we could get in the cold New
Hampshire climate to a home that
uses no supplemental energy for
heat and hot water. | also wanted
to be vigilant about the energy that
would be used used for lights, ap-
pliances and mechanical systems,
and to incorporate as many other
environmentally friendly features
as possible, emphasizing resource-
efficient construction materials and a healthy
indoor environment.

My clients had chosen a site not far from the
center of Hanover, N. H. The design program in-
cluded three bedrooms, two baths and a library.
One of the bedrooms would be used as a home
office. An open-plan kitchen, dining/living
room, full basement, two-car garage and entry
porch rounded out the list of spaces. We were
looking at 1,700 sq. ft. to 1,800 sq. ft. of living
space. The clients contracted the house them-
selves and hired Jay Waldner of Weewaw Con-
struction in Plainfield, N. H., as the builder.

Build tight, ventilate right—In the northermn
New England climate, the sun is a welcome but
occasional visitor, so a solar home first must
have a building envelope that reduces heat
ransfer to a minimum. The required elements
are airtight construction, plenty of insulation
and high R-value windows.

74  Fine Homebuilding

by Marc Rosenbaum

R s

Assembling the solar collector. A roof-integrated solar collector,
airsealing and efficient, south-facing windows are among the compo-
nents of a house designed to function as an energy-saving system.

Airsealing was a top priority on this project.
Penetrations were minimized and carefully
sealed, typically with foamed-in-place urethane.
Bottom plates were sealed to the subfloor with a
flexible sealant made by Tremco (3735 Green
Road, Cleveland, Ohio 44122; 216-292-5000), and
the walls and ceiling were covered with poly-
ethylene sheeting, carefully lapped and sealed.
The sheeting doubled both as vapor retarder
and air barrier. The ceiling poly was installed in
unbroken sheets on the trusses before the inte-
rior partitions were framed. Neoprene roof boots
were used to seal the plumbing stacks and the
radon stacks where they penetrated the ceiling
air barrier.

Blower-door test results projected an infiltra-
tion rate of only 0.03 air changes per hour, many
times tighter than typical new construction. (For
more on blower doors, see FHB #86, pp. 51-53.)
With a house this tight, mechanical ventilation is
called for, and steps should be taken to reduce

the level of indoor pollutants.
(More on this later.)

Nearly a foot of insulation—
Computer modeling told us that
we needed R-values of about 40 for
the walls and rim joists and 60 for
the roof (drawing facing page). We
achieved these R-values by build-
ing two 2x4 walls 42 in. apart anc
filling the resulting 11%-in. cavit
with cellulose insulation. On the
basement side of the rim joists, we
installed 2 in. of extruded poly-
styrene foam followed by an R-3C
fiberglass batt. The roof is mostlv
trussed and is insulated with R-6C
blown-in cellulose. The concrete
basement is finished with 2x4 stuc
walls insulated with R-11 fiberglass
batts, and there is 1 in. of extrudec
polystyrene foam under the slab.

Insulating windows glazed oo
site—The third component of si-
perinsulation is the glazing, and here we mad=
significant improvements at little or no increas=
in cost. When low-emissivity (low-E) glass wit
inert-gas fill is used in wood or metal windows
the sash and frame can have lower R-valus:
than the glass. For this house, we chose Ower:=
Corning windows (Owens Corning, Fibergla:
Tower, Toledo, Ohio 43659; 800-438-7465) i~
which the frame and sash are composed of ho-
low, rigid fiberglass filled with rigid-fiberglass i=-
sulation. This reduced heat loss through the noz-
glass portions of the windows. (Owens Corninz
no longer makes fiberglass insulated windows=
for new construction. Still available is an ins -
lated replacement window that can be retro®

ted with nailing fins.)

Owens Corning didn't offer windows wi=
R-values as high as we wanted, so we ask=:
them to sell us casement windows without gl==
that we could glaze on site. Into the Owe=:
Corning frames we installed prefabricatz:
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sealed glazing units made by Southwall Tech-
nologies (1029 Corporation Way, Palo Alto, Calif.
94303; 800-365-8794). Each glazing unit contains
what Southwall calls Heat Mirror, a polyester
film with a low-E coating that is suspended be-
tween two layers of glass. We specified a low-E
glass called Energy Advantage by LOF (Libbey
Owens Ford Co., 811 Madison Ave., P. O. Box
0799, Toledo, Ohio 43697, 419-247-3731) for the
inside pane and clear glass for the outside pane;
we had the interior spaces filled with krypton, a
low-conductivity inert gas. The combination of
these elements gave us excellent insulating val-
ue, about R-6.5, without cutting down too much
on solar transmission. We wanted to allow sun-
light to pass through the windows because it
helps to heat the building, Three-quarters of the
glass is on the south side of the house.

Structural framing supports the large
panes—The five fixed-pane units on the front
of the house (photo facing page) also use Heat
Mirror. In this case there are two layers of poly-
ester film between two layers of clear glass.
Southwall calls this product Superglass, and it's
aptly named: With the krypton-gas fill, it has an
R-value of 9. These units, measuring 46 in. by
76 in., were set directly onto the wall framing.

We also used Superglass in an exterior door
on the southwest corner of the house and in a
Wasco skylight (Wasco Products Inc., 26 Pio-
neer Ave., Sanford, Maine 04073; 207-324-80607)
over the stairs to the second floor. Site-glazing
Superglass into insulated-steel doors can pro-
duce high R-value doors at a reasonable cost.

When the dollars settled at the end of the pro-
ject, my clients paid little more, if any, for the
windows and doors than they would have had
they used premium-brand windows. And they
got significantly better thermal performance. |
estimate the superinsulation, including air seal-
ing, insulation and glazing, added about $6,000
to the construction cost.

Sizing the solar system—Because of superin-
sulation, the house has a heating load of about
20,000 Btu per hour (approximately 6kw) at
-25°F. The house could be heated by four good-
size blow dryers, but neither of the occupants
has big hair, so we needed another strategy. We
analyzed heat and domestic hot-water (DHW)
systems, looking at their costs in terms of instal-
lation, annual operation and replacement.

In the end, we chose a heating system that
could be described as hot-water heated forced
air (drawing p. 76). We considered radiant heat,
but that would have required a higher water
temperature, which in turn would have meant a
larger collector and storage tank. Using com-
puter-aided modeling, we determined that a so-
lar roof collector of 360 sq. ft. was required with
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