by Chris Corson

This airtight, superinsulated home was
built using familiar methods and materials

[Editor’s note: This is the first part of a
two-part story; it provides a background
on Passive House, a project overview, and
a description of the foundation and struc-
tural wall framing. Next month the story
will continue with completion of the wall
and roof framing, air-sealing, insulation,
mechanicals, and finishes.]

I "ve been working in construction since
I was a kid. I've worked on job sites in
New York, Florida, California, Massachu-
setts, and Maine, where I now run my
own company. Along the way, I've man-
aged more than a few big expensive proj-
ects, but none of them was as satisfying as

the work I'm doing now — designing and
building affordable houses to the Passive
House standard, arguably the most strin-
gent energy-efficiency building spec in
the world.

The big-picture goal of the Passive House
movement is to nearly eliminate housing’s
share of climate change by slashing energy
consumption to about 6 percent of that
used in conventional homes (see “Meeting
and Beating the Metrics,” page 33). But to
have a practical effect, the standard can’t
just apply to high-end projects with big
budgets; it has to be within reach of ordi-
nary working people. That’s why I jumped
at the chance to build a 1,600-square-foot

two-bedroom Passive House in Knox,
Maine, for a young working couple with a
$210,000 budget.

I've taken the nine-day Passive House
training course, where I also learned to
use the Passive House Planning Package
(PHPP), an energy-modeling software that
determines whether a house will comply
with the standard. For my first Passive
House, I wanted not only to hit the per-
formance targets but to build affordably,
using methods familiar to any capable
builder and readily available materials
and products.

Hitting the Goal

To achieve the Passive House goals, we
had to superinsulate every assembly on
all sides of the house — foundation, walls,
roof. The 8-inch foundation sits on a foot-
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Figure 1. Custom-manufactured polystyrene served as the form system for the
home’s 8-inch reinforced “raft slab.” The pieces were factory-cut with interlock-
ing profiles (A) and a taper that serves as a draining wing insulation (B). The
crew assembled the insulated forms on site using PUR Stick adhesive (C, D).

A carefully compacted bed of crushed stone provided a flat sub-base for the
insulation directly under the slab (E).

thick polystyrene insulated-form system
(see Figure 1). The walls are “hybrid”
assemblies, with an inner 2x4 bearing wall
and a foot-thick outer structure built with
wood I-joists and insulated with dense-
pack cellulose. The conventional vented-
attic truss roof has a 2-foot raised heel to
accommodate deep-blown cellulose.

We also had to eliminate thermal bridg-
ing where these building elements meet,
which we did by extending the exterior
insulation to cover the ends of framing at
joints and intersections.

And, finally, we had to make sure that the
entire building envelope was meticulously
air-sealed (see illustration, page 30).

All of these steps made the house com-
pletely airtight, so we installed a high-
performance energy-recovery ventilator.
This unit provides fresh air with mini-
mal heat loss (or summertime heat gain)
and very low operating energy consump-
tion (21 watts). It also mixes the house air,
distributing solar gains around the living
space and maintaining a consistent living
environment.

We were able to take care of the house’s
heating and cooling needs with a small,
13,600-Btu/hr heat pump, bought from a
local distributor for $1,500. For backup,
we distributed about 15 feet of electric
resistance baseboard around the rooms.
The electric heat won't run unless the heat
pump breaks down — but if it does, those
15 feet should keep the whole house com-
fortably warm even on the coldest nights.

Foundation
The foundation for this house is an 8-inch-
thick concrete “raft slab” resting on 12
inches of high-density (2 pounds per cubic
foot) GeoFoam Type 9 structural expanded
polystyrene (EPS). The slab is reinforced
with half-inch rebar (spaced at 1 foot on-
center) plus 6-inch wire mesh. A 3-foot
polystyrene wing extends horizontally
around it at grade for frost protection.

In Europe, insulated raft slabs are
common, especially for commercial
buildings, and you can buy off-the-shelf

text continues on page 6
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Figure 2. A sheet of 10-mil
poly, which acts as an air and
vapor barrier and a capillary
break, was laid on top of the
EPS (A); all seams and pen-
etrations were sealed with
3M flashing tape (B). Steel
rebar and wire mesh were
supported on dobies cut from
insulation scraps (C). Because
it is also the finished floor, the
slab was meticulously power-
troweled smooth and flat (D).

Figure 3. To protect the poly air barrier, the crew rolled out sill seal (A) before
standing the conventionally framed inner 2x4 support walls (B). The walls were
anchored to the slab (C), and the drilled holes sealed with spray foam (D).

MAY 2012 | JLC | 3



Air-Barrier and Insulation Details
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Figure 5. To make a tight seal between the subslab poly barrier and the sheath-
ing, the author first taped the corner of the plastic sheet to the OSB (A), then
folded it up onto the wall (B). The edge of the plastic sheet was continuously
taped, and all holes carefully sealed (C,D).

Figure 4. After pulling back the poly vapor barrier, the crew installed the
OSB sheathing over beads of spray foam.

prefabricated insulating form systems
much like the one we created. But there’s
nothinglike that on the U.S. market, so we
designed our subslab form system in CAD
and sent the shop drawings to Branch
River Plastics in Smithfield, R.I.

The underslab sections are simple
1x4x8-foot sheets, but the wing pieces
for the perimeter were factory-cut with a
3-foot taper for drainage, and have a dado
to accept 12-inch-by-14-inch edge-form
pieces. Branch River precut most of the
parts for us on their CNC equipment, and
we did the rest — including the corner cuts
at the miters in the wing insulation — in
the field with a hot wire.

The sub-base for the raft slab is busi-
ness as usual — 18 inches of one-inch-
minus crushed stone, placed in 6-inch lifts
and compacted to 95 percent. I did insist
that my contractor level the stone base to
within 18 inch, which he was able to do by
spending a little extra time. That flat, even
sub-base made it easy for my crew to set
and join the foam blocks accurately.

We joined all our foam pieces at the
seams with PUR Stick, a polyurethane
gun-foam insulating adhesive from Todol
(todol.com), which the manufacturer
assured me would bond well and last
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Meeting and Beating the Metrics

assive House may be a tough standard to meet,

but it’s quite simple to describe. Three numbers
define the whole thing, and if you hit those numbers,
you pass. How you hit them is your business. The specs
cover three items: total annual heating energy use;
total annual energy use including heating, plus every-
thing else; and airtightness. Keep in mind that these
metrics are based on the treated floor area (TFA) of
the house, or “usable space” — which is quite different
from how energy modeling is typically handled in the
U.S., where it’s based on the entire envelope. The TFA
of the 1,600-square-foot house described in this story
is 1,140 square feet.

Space heating. The space-heat demand of a Passive
House must be no more than 4.75 kBtu per square foot
per year. (By the way, that requirement is the same in
any climate, from Bangor to Honolulu. Obviously, it’s
harder to do in Maine than it is in Hawaii.) Scaling that
spec up to whole-house dimensions, we had to achieve
a total annual heating load of no greater than 5,415
kBtu per year for our house. We beat that number:
The house is calculated to use 3.11 kBtu per square foot
per year, or 3,545 kBtu per year for the whole house —
two-thirds of what the standard allows.

Primary energy demand. “Primary energy” includes
not just heating and cooling but also domestic hot
water, lighting, any auxiliary appliances (such as the
stove and refrigerator), and any other incidental power
requirement. For a Passive House, that total can’t
exceed 38 kBtu per square foot per year — again, for

any house in any climate. For this house, that worked
out to 43,320 kBtu per year. We beat this metric, too:
Our total primary energy demand is 36,480 kBtu per
year for the whole house, or 32 kBtu per square foot —
15 percent under the bar.

Airtightness. Every Passive House must pass a
blower-door test with no more than 0.6 air change per
hour at 50 pascals of negative pressure (0.6 ACH50).
This strict standard is really about quality control.
Airtight houses do save energy, but the more impor-
tant point is to ensure the home’s durability: If we limit
the home’s uncontrolled air leakage to this extremely
small amount, we practically eliminate the risk of mois-
ture damage and mold, or any other harmful effect of
air-transported moisture filtering in or out of the build-
ing envelope. Because energy saving is not the only
purpose, we’re not allowed to trade the airtightness
spec off against insulation, glazing, or anything else.
The 0.6 ACH50 requirement is absolute.

We beat this metric as well. Our house tested at 0.287
ACH50 — less than half the permissible air leakage.

PV doesn’t count. Passive House doesn’t give any
credit for photovoltaics, because the program’s focus
is on energy consumption, not energy production.
However, for this project, it happens that we were able
to squeeze six 235-watt grid-tied photovoltaic panels
into the budget. So in reality, the house will be net-zero
or close to it, on an annual basis. In any given year, the
owners will probably pay no electric bill to live in an
all-electric house.

indefinitely in this use. I have tested it out
informally at my shop, gluing different
things together and leaving them out in
the weather for six to eight months, soIam
reasonably confident in its performance.
On top of the foam, we placed 10-mil
poly to act as the air and vapor barrier
and capillary break (Figure 2, page 3). We
sealed all the joints and penetrations with
3M 8067 flashing tape (3m.com), which
is air- and vapor-tight, flexible, and tena-
cious. Later, we would fold the subslab
membrane up at the edges and seal it to the
wall to perfect the air barrier at that joint.
With the foam forms under it, the slab is
insulated to R-54. I had originally planned
on R-38, but as Iworked with the numbers,
Irealized that the thicker foam would cost
just $800 more, so I went for it. As I see it,
you'll never get another chance to insu-

late under the slab, and it’s a great place to
“hide” insulation.

Still, it was expensive. In fact, the only
reason we could afford it was because I
bought the EPS foam direct from the fac-
tory — and even then it came out to almost
$8 per square foot. I have about $5,000 in
foam under this home’s foundation. But
there were also some real savings as a
result. Two carpenters cut and placed all
the foam (as well as the 10-mil poly) in two
days — so with 32 hours of labor, we had
the slab formed and ready to pour, and all
the insulation and vapor barrier installed.
I only had to pay the concrete contractor
for placing the steel and concrete.

Incidentally, my concrete guys were
extremely skeptical when I first started
explaining the system to them. They were
worried about bracing the foam, and they

expected the job to be complicated. But
when the crew got there, the foreman
called the office on his cellphone and said,
“This is going to be a breeze” — and it was.
So across the board, labor savings offset
a lot of the material cost of our combined
insulation and forming system.

Another cost-saving step was to use the
slab surface as the finished first floor. I
made sure the installers power-troweled
the concrete for hours, making it very
smooth and flat. We also let it cure for three
weeks before we came back to start fram-
ing the walls. Then we sealed the slab with
a zero-VOC soy-based penetrating clear
sealer called Acri-Soy (ecoprocote.com).

Hybrid Double-Wall Framing

The exterior wall design we used came to
me via Katrin Klingenberg, the director of
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Figure 6. Sealing the sheathing with
flashing tape created the building’s air-
tight envelope (A). The exposed outer
face of the forms was protected with
Durock and a cementitious parge (B);

its top was covered with asphalt-coated

fiberboard sheathing and aluminum
flashing (C).

Passive House Institute U.S. (passivehouse
.us). When Katrin showed me the design,
I liked it immediately because it solves
so many problems at once. It’s practical
to assemble on site within the construc-
tion sequence; and all the materials, tools,
and fasteners are conventional stuff you'd
find on any job. Making the assembly air-
tight is simple — you just tape every crack
on the load-bearing inner wall sheathing.
The outer I-joist layer virtually eliminates
thermal bridging, both in the field of the
wall and at intersections. For me, it’s a
textbook example of how to build a vapor-
open, airtight, R-60 wall without having to
resort to spray polyurethane foams.

Step one was just to frame a conven-
tional 2x4 house — load-bearing first-
floor walls (Figure 3, page 3), open-joist
second-floor deck, second-floor walls,
and a truss-built shed roof. We used
PUR Stick to glue the sheathing to the
walls, just for added tightness (Figure 4,
page 6), but the key Passive House detail
was to seal all the OSB seams with 3M 8067

flashing tape (Figure 5, page 6). Where I

intended to fasten the wood I-joists for
the outside wall, we applied Vycor modi-
fied-bitumen flashing tape over primer to
ensure that the fasteners would self-seal
(Figure 6). Once this house was finished,
I knew there would be no way to access
and repair any of the joint-sealing tape —
and I wanted to improve the odds that the
joints and screw penetrations will remain
airtight over a century or more of service,
even if the wood shrinks or moves and the
house settles.

Figure 7. At the top
plate of the upper-
story wall, an OSB
gusset projects
inside to provide

a taping surface
for air-sealing the
eventual interior
ceiling.

Once all the bearing walls were built,
we nailed plywood strips to the top of the
second-story walls, flush to the outside
OSB sheathing and projecting a fewinches
inside the walls (Figure 7). This flange
would serve to connect the wall-system
air barrier to the ceiling air barrier — a
small but critical detail that we needed to
take care of before setting the roof trusses.
[Story continues next month.]

Christian Corson owns EcoCor Design/
Build, based in Belfast, Maine.
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