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Introduction 1

| NTRCDUCTI CN

A Builder's Guide to lowas IDEAL Homes was
developed to inform builders of current methods of
building energy efficient homes. The IDEAL home
concept was first presented by the lowa Energy Policy
Council in the lowas IDEAL Homes book published
in 1982. The book included a set o energy efficient
home designs. Thus the word IDEAL serves as an
acronym for Innovative Designs for Energy Affordable
Living.

The new book presents three approaches to building
energy efficient homes. It provides updated information
from state and international home building experts. It
modifies the Double 2x4 Approach, adds strapping to
the 2x6 Approach, and introduces the Airtight Drywall
Approach. These are not the only methods o building
energy efficient homes. (Other methodsinclude passive
solar, earthsheltered, and envelope) There are many
variations to the methods described. However, the
design concepts presented in this book are appropriate
for the climate o lowa, easy to understand and to
construct, and appeal to thetastesdf lowahomebuyers.

Constructing an energy efficient home benefits
everyone involved. First o dl, lowa benefits. lowa
imports 9% o its energy. The more dollars lowans
spend on energy conservation, the more dollars they
have left after paying their utility bill to spend in the
local economy. So, choosing energy conservation is
choosing economic development for lowa.

Here's how various parts o thelocal economy benefit
from energy efficient construction. The utility company
benefits by not having to build a new power plant or
install a new pipelineas soon. The building supplier sdlis
more materials. The builder sells a more expensive
house. The real estate agent gets a larger commission.
The lender lends more money and receives more
interest, without putting an additional burden on the
borrower. The borrower's annual paymentsfor princple,
interest, taxes, insurance, and energy (PITIE) can
actually decrease with an energy efficient home. Figure
1showsthat a homeowner caninvest $2500in anenergy
efficient home and have smaller annual payment than
they would with a conventional home. And, as energy
pricesincrease, theownersd the energy efficient home
will be even farther ahead o their neighbors with
conventional homes. Building an energy efficient home

is planning for the future.
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Figure 1 Monthly Housing Cost Comparisan (PITIE)®.

Most homes built using the design concepts presented
in this book can be heated for $3100-5300 per year, but
economics i not the only reason to buld an energy
efficient home. The homeowner also gets a home that's
comfortable; there are no drafts, and temperatures are
even throughout. A tight, well-nsulated home i= also
very quiel, The design concepls presented in this bools
provide for plenty of natural kght and better air quality
than you can get in a conventignal home. These homes
have comfortably hgh, but contrallable, humbdity in the
winter. They use standard construction practices and
materials, can be adapted to almost any architectural
style, and are sultable for any lot.

The bottom line is that erergy efficient features give
builders a better sale price and homeowners a better
guality home. In this book, vou'll find the essential
concepts needed for energy efficiency: construction
techniques with over 95 schematic drawings and
information on airtight construction, controlled
ventilation, insulation, heating and cooling, windows;,
doors, lights, appliances, and landscaping. Let's get
starfed, O
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ENERGY EFFICIENT CONSTRUCTION
ISQUALITY CONSTRUCTION

Energy efficient construction requires attention to
detal. Thisattentionto detail leadsto a wdl-built home.
Following the detailsin this book will result in a home
that is affordable not only becauseit's energy efficient,
but a so becauseit will survivethetest d time.

There are three key design elements that ensure
quality and energy savings. They are airtight
construction, controlled ventilation, and high levels o
insulation. A home that combinesdl d these features
is often cdled a superinsulated home. We will call it
an IDEAL home.

Airtight Construction

Why airtight construction? Energy savings is an
obvious reason. The ar within the average new home
isreplaced by outsideair gpproximately once every one
to two hours, accounting for 30-40% d the home's
hesting requirement. You can't expect to diminate dl
d it, but usng the techniquesillustrated in this book,
you can greetly reduceit. Figure 2 showsthe common
ar leskage locations that must be sealed. Another
reason to build the home airtight is not as obvious,
but is much moreimportant. Air leskagein a new home
can result in a house rotting before its time. Here's
how it happens. Lesking air carries moisture with it.
Moisture condenses when it hits a cold surface. This
condensation wets the insulation, lowering itsinsulating
ability. It can aso cause wood structural members to
rot if they are not given the opportunity to dry out.

B ECTRCAL WIRE
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Measuring natural air leakage can be done usng a
tracer gastest, but thisis not practical on an individua
builder's scale. A relative measurement can be obtained
using a blower door. The blower door uses a large fan
to pressurize or depressurize a home. By measuring
thedifferencein pressure betweentheinsdeand outside
d the home, the ar flowing through the fan yidds an
induced ar change per hour (acph) rate. The common
pressure to measure thisinduced ar change rate is50
pascalsor 2 inchesd water which is roughly equival ent
to a 20 mph wind acting on dl sides d the house at
once. A properly built IDEAL home will yidd an air
change rate between 1 and 3air changes per hour.

The blower door can also measure the equivalent
leakage area (ELA). ELA is the summation d dl the
holesin the buildingenvel opeadded together. Thii area
is usudly calculated at 10 pascals pressure difference.
To be able to compare the ELA d one building with
another, you can convert it to the specific leakage area
(SLA).The SLA isthe ELA divided by thetota building
envelopeareaand isusualy expressed in square inches
per hundred square feet d surfacearea.

Blower doors can aso be used to locate leaks so
they can besealed. When thehouseisbe ng pressurized,
a technician can use a smoke stick to locate the leaks
and seal them appropriately.It may bealongtime before
every builder owns a blower door, but there are
companiestoday that specidizein thistyped service.
Controlled Ventilation

Controlled ventilation isessential to an IDEAL home.
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Fi gure 2 Common Air Leakage L ocationsin Conventional Housng.
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It may seem illogicd to bring in outside air after going
to great lengths to build an airtight house, but a
controlled ventilation system has significant advantages
over natura ar leakage. These advantages include
energy savings, a healthier environment, and a home
free d moisture problems. In a conventional home, air
leakage may averageone air change per hour, but there
are times when no air is wi n g through the home.
A controlled ventilation system, however, provides a
constant flow d fresh air and increases ventilationwhen
it is needed most. This ensures the common
contaminants (Figure 3) found in many new homesare
kept at a harmless levd. An IDEAL home should be
built as tight as possible with ventilation provided by
the controlled ventilation system.

COMDLISTION
\ POLLUTANTS

Figure 3 Sourcesd Indoor Pollution

Since the controlled ventilation system can be
integrated with the heating, cooling and water heating
systems, weve included a more detailed discussion d
controlled ventilation options in a section called
Mechanica Systems.

I nsulation

The IDEAL home concept demands the entire
enveloped the home — celing, walls, windows, doors,
and foundation — receive appropriate insulaion to
minimize heat loss. The recommended R-values for
various building components are shown in Table L R-
vaue refers to the materid's ability to stop heat from
passing through it; the higher the R-vaue the greater
the resistanceto hest loss.

These recommended R-values can be achieved by
using either one type d insulation or several types in
combination with other building components. When
different materials make up a section d the building
envelope, the total Rvaue for that section is Smply

Table1 Minimum R-Vauesfor an IDEAL Home

Caling R-ai
Walls R-25
Band Joist R-3%
Foundation Walls R-12
Floorswer Unheated Spaces B30
Windows R-3
Doors R-10

the sum d the individuad components. Table 2 shows
the R-values d common insulating and building
materials. Table 3lists the common types d insulation
with their advantagesand limitations.

Reduce thermal defectsas much as possible. These
defects include insulation voids, thermal bridging
through the materias, air intrusion into the insulation
(common in attics), convective loops caused by the
insulation not filling the full width o the wal cavity,
and moisture condensing in the wal cavity getting the
insulation wet. These thermal defectscan make a home
which appears to be wdl insulated, a poor conservation
investment. Figure 4 shows thermal defects which are
guite common in conventional construction.
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1] 17
| * P COMVECTIVE LOGP
T
Figure 4 Thermal Defects Common in
Conventional Housing.
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Table2 R Val ues d Common Building Materials

Hilnch K Thickness Muterial Hilmch R/ Thickneas
bmdauoni(.tari.L Imterior Fimish Malerinls
Fiber glass Batt 14 Gypsum Board {irmuall %) a5
blown (attic) 220 £y {5
bboum (vall) 3.20 Pandling {% a7
Rock Wod Baitt 114
Mown (attic) 310 Fiooring Matorlals
boan (wall) 303 Plywood 125
Celluloseblown (attic) 313 34 093
blown (wall) 70 Particle Boar d
Vermiculite 213 Eﬂl'l:il'l‘lul!.'l'l'lll'll:l L3l
Air-entrained Concrete LU (¥ {LE2
Ureaterpolymer foam 4,48 Phrth:'ﬂﬂthﬂrlHl LR ]
Rigid Frleerd ass (>4 |b/ft3) 400 (%) .68
Expanded Polystyrene (beadboard) 400 T i ,Linoleum 0.05
Extruded Polystyrene 500 Campart (fibrous pad) 208
Polyur ethane (foamed-in-place) .25 (rubber pad) 123
Polysocyanur ate(foil-dated) T Roofies Maberial
ConstructionMaterials Asphali Shingles 44
Concrete Blakk 4" &0 Wood shingles ne?
=" L1l
o T Single o 04
Brick 4"common 0,80 il qlcss 1
4" face 1,44 w/ storm 2.0
Pour ed Concrete .08 Double insubating glass
Softwood lumber 1.25 (%s” air space) 1.6
2"nomi nal (11/2") 1,88 (%" alr space) 1.6
2X4 (312) 438 (4" air space) .04
260612 .88 (% airspacelg 234
CedarLogsand lumber 113 (%% wl Lour-E020) 113
(w/ suspendod film) rm
Sheathing Meaterids (w/ 2 suspended films) 185
pywood 1.5 (w/ suspended film and low-E) 4.05
X' 31 'ﬂqiﬁmdmlngg!m
[T Dy iz (%" air spaces) 256
12 D63 (%" air spaces) 323
5 017 Adidiison Toe tagha fiizing drapes
# (g or shndes, ¢ closed blinds 0z
Fibggboard L
. 132 Doors )
232 % 06 Wesndd Hollenst Core Flissh {137 217
) 34 200 Solid Core Fhush (1%") 1.0
1) e Salid Core Flush (29" 370
211/2') .00 Panel Door w/ 76" Panels (1%") 185
Extr Udmmm (SA") 375 Storm Door (WOOd 50% 91833) 125
" I:r“'ll]j (W1
e e Metal Insulating (7' w/ urethane) 15.00
i1 F i
(1) 10.40 Inerir Wl .68
Bidkimg Materials Exterice 17
Hardhosrd {447 fas St
Ph(';?,,;’d"'ﬁ &:; -;;to 4" approx. (KL
¥2"to 4" w/ one surfacefairlyreflective 135
Wood Bevel Lapped B0 ¥ " il
Aluminum, Steel, Vingd {hallow backed) 0.61 Wi 4 wil one miriecs lighly rellecitve s
(¥z" Insmilaking boar d backed) 180 Misc.
Brick 4" 044 famil Pobyethylene Vapor Barrier .00
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Table3

I nsulation Advantagesand Disadvantages

InsulationType Advantages

Disadvantages

InsulationType Advantages

Disadvantages

FiberglassBatt Easytoingdl inopen

Little resistance to air

cavities infiltration
Light Weight Cant beinstaledin
Non-settling already enclosed

Good fireresistance

Fairly inexpensiveper
R-value

Widdy available

Easilyfillsirregular
horizontal spaces

cavities
Compressinglowers
effectiveR-value
Fiberscanirritate lungs
during installation
Condensation& infiltra-
tion lower R-value

Lovest R-valueof loose
fill material

Lightweight Littleresistancetoair
fireresistance infiltration
Does notabsor b water Can hang uponwres &
Widdy available naiisinwals
Canbeblownor poured  May settleif installedat
too low densi ty
Fiberscan irritate lungs
during installation
Rock Wool Easilyfillsirregd ar Littl(faqaistancetoair
Losnsa Fill v infiltration
Nmm%ﬂﬁe May settleif installed at
Does not absorb water tool avdensity
Wdel y available Fiberscan irritatelungs
duri ng instailation
Cellulose Easilyfillsirregular May settleif blownat
Looe H hooreees © |owdensity
(ood resistancetoair Potentially combustible
infiltration Absorbs water, dri es
Highest R/inch of &l very slowl
loose=fill Can deteriorateif not
Can be blownthrough ableto dry out
smallerholes My corrodested!, al u-
Vay low cod per minum,& copper
R-value
Can be blown or poured
Widdy available
Vermiculite/. ~ Noncombustible Low Rlinch
Perlite Pourseasily intoirregu-

lar cavities

H weight
l\diea\z;)s/ reat%lyavailable
Cannot be blown

Rigid Fiberglass HighestR/inchf all

typesof fiberglass
Good fireresistance

Availablenmanyt hi ck-

Morecompressiblethan
other rigidboards

densities
Expanded Lowestcost/Rof all Breakseasily
Polystyrene rigid boards Must be protectedfrom
Lightweight exposureto sunlight
Avallableinavariety Very combustible
o tires
Availableinavariety
of densities
V ermeable
W%gypavai lable
Extruded will not absor bwater
Polystyrene Excellentfa exterior must cover on interior
o foundations Must be protected from
Availableinavariety exposuretosunlight
of thicknesses Relatively expensive per
Can performas vapor R-value
barrieroninside
Air infiltration doemt
degrade R-value
Urethane/ HighestRlinch o 2l Combustible, drywall
|socyanurate insulation materials must cover oninterior
Vapor barrier with fall Fairly expensiveper
facing R-vaue
Negligiblewater M ustbe protectedfrom
an exposure to sunlight
Can aso be foamed in
place
Phenolic Very good fire reae Highest cost/R of
Vapor permeable allrigid board
Doexnt need drywall insulation

coveringon interior
Suitablefor window
insulation panels

Brittle, easily crumbles

My warpduetomois-
tureabsorption

Not readily available

Other therma bridges often overlooked are where
the garage, outsidepatio, porchand/or stoop slabsmeet
the foundation d the house or where a concrete
retaining wal connects to the foundation. A thermal
break must be installed any place where cold can be
transferred through the building materials into the
house. Therefore, install two inches o extruded
polystyrene against the foundation before the slabs or
retaining wal are poured.

A Measured Energy Efficient Construe-
tion - Home Heating Index (HHI)

Toget ameasured theenergy efficiency d the house
asawhole, extension specialistsat lowaState University

developed the Home Heating Index (HHI). It is a
number, usudly between 1 and 15, that describes the

energy efficiency d your home. The lower the number

the more efficient your home. It is measured in British

thermal units per square foot d heated floor space per
heating degree day (a measure d the severity d the
winter). The HHI can be calculated before the house
is built usng the R-values d the components; it can
be obtained after the houseis built by using the heating
and electric bills

An older home without efficiency improvements may

have an HHI as high as 15. The average older home
in lowahasan HHI d around 8. The average new home
built in lowa in 1984 had an HHI d around 5. A home
built to the specificationspresented in this book should
have an HHI d between 1 and 3. The construction
method you choose will determine how low your HHI
will be. O
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CONSTRUCTI ONLETA LS

This book will present three approaches to building
an airtight, well-insulated house with controlled
ventilation. Theapproachesincludethe Airtight Drywall
Approach (ADA), the Strapped 2x6 Approach, and the
Double 2x4 Approach. These approaches areexplained
in the order they would normdly be constructed:
Foundations, Wdls and Rodf Systems. However, the
kind o wal you choose will determinethe construction
approach you use, so be sure to read each section's
Construction Details before making a decision.

The Airtight Drywall Approach: Two Canadian
researchers at the University d Toronto, James
Lischkoff and Joseph Lstibwek, noticed that large
builders were reluctant to build energy efficient homes.
The polyethylene (plastic bag) approach was the mgor
hurdlefor these builders because it was|abor intensive.
With smplicity d construction and cost-effectiveness
in mind, the two researchers perfected a construction
technique that reduces energy consumption, makes
energy efficiency affordable, and prevents moisture
problems without using polyethylene. They cdl it the
Airtight Drywdl Approach (ADA).

In the past, it wasbelieved that a plastic vapor barrier
was needed to prevent moisturefrom diffusing through
the drywal and,condensing in the wals and attic.
Research has shown that moisture problemsare most
frequently caused by air leakageand not vapor diffusion
through the materials. The term "vapor barrier” has
commonly been used to describeaconstructionmateria
that dows vapor diffuson. A more accurate term for
this material would be "'vapor diffuson retarder." Most
building codes require a vapor diffuson retarder with
a permeance d less than one. This perm rating can
be obtained by using polyethylene, duminum backed
drywall, kraft faced batts, or by painting normal drywall
with a coat d "vapor barrier" paint. One coat d some
0il-based paints and some semi-gloss latex paints will
also work. Permeance varies by manufacturer and you
will have to check with the manufacturer to find the
rating. Two to three coats d some ail or latex paints
may be necessary to obtain a perm rating o less than
one. When painted in one d the above ways, drywall
is an good vapor diffuson retarder and an excellent
air barrier if properly ingdled. It inhibits moisture
penetrationand conservesenergy.

The Airtight Drywdl Approach relies on the building
materia sand gaskets placedat particular jointsbetween
these materialsto create an airtight envel ope. See Detall
1 These gaskets need to be made d a material that
is soft, easily compressed, and thick enough to fill the
joint. Thegasket must also beabletostopair infiltration.
Saturated polyurethane gaskets appear to be the best
option.Closed cdl foam gaskets used in log homesand
neoprene rubber gaskets are also options.

DRYWALL

# A" COMNCRETE!
i~ MASONEY
FORINDATICN

SEALANT
[: EXFANSION JOENT
< || p 4+ CONCRETESLAB
! | " RICID INSULATION —

y SMIL POLY -~

Detail 1 Airtight Drywal Approach

The Strapped 2x6 Approach: The Strapped 2x6
Approach reieson polyethyleneasan airlvapor barrier.
When builders started relyingon polyethyleneto make
their homes airtight, they soon discovered it was very
difficult to sed the polyethylene around penetrations
such aselectrical outletsand switches. They solved the
problem by installing the polyethylene and then
strapping the interior with 2x2's horizontally 16 inches
on center. See Detail 2. This dlowed space to run
electrical and plumbing systems without having to cut
holesin the air/vapor barrier. A 2x4isusudly positioned
at the bottom o the wal for mounting the baseboard
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POILY AIRVAPCOR BARRIER
258 [RSULATED WALL

2x2 STRAPPING

P

.i.-i._”.l.l.i.m. -

PROTECTIVE
COVERIMG
8' CONCRETE
MASONRY
FOUNDATION

2'RIGID .
INSULATION

suivh 41 B o e

GRAVEL ——=i8

CRAINTILE Sl -
Detail 2 Strapped 2x6 Approach

with another 2x4 positioned at the 4 foot leve for ease
d mounting the drywal. The strapping space can be
insulated with 312 inch batts ripped down the middle
or 11/2ch rigid insulation, if desired.

The Double 2x4 Approach: The double 2x4
construction concept originatedin the mid 1970's. After
the energy criss d 1973, several groups started
developing ideas on how to design and build an energy
efficient home. Wayne Schick, an architect with the
Smadl Homes Council at the University d Illinois, helped
develop a double 2x4 construction concept in 1976. He

POLY AlRY
VAPOR BARRIER

1* RIGID * 3, | o concreTE
INSUILATION | %, MASONRY
FOUNDATION
DAMPPROCIFING
SEALANT
GRAVEL EXPANSION JOINT
4' CONCRETE SLAB

Detail 3 Double2x4 Approach

caled it the Lo-Cal House. David Eyre o the
Saskatchewan Research Council headed a team that
built the Saskatchewan Conservation Homein 1977.

The Double 2x4 Approach presented here, puts the
polyethylene on the back d the ingde wal as shown
in Detail 3. Aslong as two thirds d the R-vaueis on
the cold side d the vapor barrier, condensation will
not occur. The double 2x4 wdl stops the thermal
transfer that occurs through the studs with ordinary
congtruction. To further increase the wdl's thermal
performance, studs can be placed 24 inches on center
and staggered. O
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FOUNDATIONS

Foundation construction can be divided into three
sections. General Considerationsinvolving materials,
insulation and drainage; Construction Details with
detailed construction schematics; and Sealing
Penetrations explaining how to seal common
penetrationsin the air barrier.

General Consider ations

There are severa genera considerationsto take into
account beforeyou begin building the foundation. The
followinginformation should help you choose the best
foundationmaterial, the best type d insulation, and the
best drainage system for your foundation.

Foundation Materials. Three types d foundation
meaterialsare commonly used in residential construction
today. They are preserved wood, poured concrete, and
concrete block. For energy savings, the preserved wood
foundation stands out because it's easy to insulate.
Although opinions differ, most energy efficient builders
fed that, when building an well-insulated foundation,
the preserved wood foundation is least expensive to
build. However, wood foundations have several
drawbacks. Lack d therma mass makes them a poor
choice for a home with a large amount d south glass,
and specia steps must be taken to insure proper
drainage. Other drawbacksinclude the fact that arsenic
from the treated wood could potentialy contaminate
the air insde a tight house. Also, a wood foundation
is combustible and insurance companies often don't
include the cost d replacing a wood foundationin their
policies because they assume it is noncombustible
concrete. Special precautions must be used when
handlingor sawing treated wood, and both the basement
floor and upper floor must bein place before backfilling
a basement. For more detailed information on
constructinga preserved wood foundation, contact the
American Plywood Association or the National Forest
Products Association.

Poured concreteand concrete block foundationshave
good thermal storage massfor passive solar if insulated
on the outside. Poured concrete is more airtight than
concrete block and would do a better job o keeping
radon gas out d the homeif it was present in the soil.
Also, convective air currents can occur in the cavities
d concrete block foundationstranferring heat from the
bottom d the wal up and out the top. Both poured
concrete and concrete block foundations are noncom-
bustible and should last for many years. However,
contral joints should be installed in both to prevent
cracking.

InsulationOptions: Foundationscan beinsulatedon
the inside or outside. Two common methods o
insulating on the inside are 1) putting expanded

polystyrene (beadboard) between furring strips or 2

ingaling fiberglassin a stud wall, When insulating on

the outside, two typesd insulationare commonlyused,

1) extruded polystyrene and 2) high density (greater

than 4 pounds/cubic feet) rigid fiberglass. Both are

durable underground. Avoid using expanded

polystyrene (beadboard) on the outside o the

foundation because it absorbsvater and losss much

d itsR-vaue Extruded polystyrene exposed above

grade must be protected from the ultraviolet effectsd

the sun which can cause it to deteriorate. It canbe
covered with duminum flashing, treated plywood,
fiberglassimpregnated bonding cement, acrylic stucco,

or other durable materia. Rigid fiberglassinsulational so

doubles as a drainage material; it acts similar to a
thatched roof, directing the water down toward the
drainagetile

Drainage: Proper drainage is essential to any
foundation, not only to prevent wet basements, but ako

to protect thefoundationfrom the effectsd frost heave.
Uninsulated foundations dlow interior heat to escape
preventing the surrounding ground from freezing.
Insulated foundations, on the other hand, keep the heat
within the home and permit the adjacent ground to
freeze down to the frost line. The expansion d water
when it freezes can cause the ground to crack the
foundation if adequate drainage is not present. For

proper drainage, place a drain tile dl the way around
thefoundationand runit to asump pump or to daylight.

Cover the drain tile with pea gravel or washed river
rock. For best drainage, extend the gravel to within
a foot o the surface. If the home will be located in
an area where water could be a problem, put in 6-8
inches d gravel underneath the house as a storage
reservoir and place thefootingson top d this.

Construction Details

\IYh alittle planning, insulatinga foundation doesn't
haveto beahig headache, Different types af foundations
should be insulated in different ways. Hae are some
pointsto keep in mind:

Basements: Deal 4 shows an insulated wood
foundation. Detail 5 shows concrete/masonry
basements insulated on the insde. Insulatingon the
interior resultsin a finshed basement wal with space
to run the wiring, but exposes the foundation wal to
the outside environment and isolatest he thermal mass,
The exterior options shown in Detail 6, isolate the
foundation from the outside environment and keep the
thermal mass @ the foundation wal inside the home
where it can temper the inside environment. The nai n
disadvantage d exterior insulation is it must be
protected above ground. f more insulation is desired
on the exterior, add flashing over the insulation where
it jutsout from beneath the Sding.
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Detail 4 Preserved Wood Basement
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Detail 5 Interior Basament I nsulation
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Detail 6 Exterior Basement Insulation
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Basement Hoors: Insulating beneath a basement
floor is controversial. On the positive side, subfloor
insulation will result in greater comfort by eiminating
acold slab. The floor will be warmer, more comfortable
and will not suffer from summer condensation problems.
On the negative side, subfloor insulation is probably
not cost effective on energy savings alone and will
deprivethe basementd the ground-coupled cooling that
an uninsul atedsl ab providesin thesummer. Considering
arguments on both sides, the benefits d comfort and
condensation control suggest that it be done. You can
use two inches d expanded or extruded polystyrene
to insulatea basement floor.

Research has not indicated that radon gas from the
soil is a problem in lowa yet, but you may choose to
plan for controlling it. Pouring the floor over 4 inches
d pea gravel will dlow the air under the slab to be

Detail 7 Condensationon Conventional Band Joist

ventilated if it becomes necessary. It isalsoagood idea
to cut control joints in the concrete floor to control
crackingand to seal these jointsto reduce the potential
d radon gas penetration.

Band Joist: Theband joist isthe area where the floor
joistssit on the foundation. The trouble spot for energy
efficienbuildersistryingto insulatethisareato prevent
condensation from forming. Detail 7 illustrates the
condensation that can occur when insulation is placed
onthewarmsided aconventional bandjoist. By placing
rigid insulation on the outside, the band joig is kept
warm, preventing condensation.

Detal 8 shows how the Aiiight Drywdl Approach
relies on gaskets to sed the band joig area. The
Strapped 2x6 Approach and Double2x4 Approach use
polyethylene wrapped around the band joist.
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Slab on G ade: Detal 9 shows the best way to Crawl Spaces: The firgt step in insulating a crawl
insulate a slab on grade. Notice that the floor is d so spaceisto lay asheet d polyethylene (6-mil or thicker
insulated. This keeps the floor warm and comfortable - one mil equal sa thousandth d an inch) on the exposed
and saves energy. dirt floor and tightly seal dl joints and penetrations.

Detail 9 Slab on Grade
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This prevents moisture from rising up from the ground
and diminates the need to ventilate the crav space.
The crawl space becomes part d the heated building
envelope and the problems d freezing pipes and heat

Detail 10 Crawnl Space Insulation Options

losng ducts are avoided. Detail 10 shows interior and
exterior insulation optionsfor concrete/masonry crawl
spaces. If there are no water pipesor ductwork in the
crawl space, thefloor can be insulated instead.
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Half Basenent VdlIs: |f over haf of the foundation

isexposed, use a haf basement wall with an insulated set back
wall above to increase the wal's thermal performance

Detail 11 Half Basement Walls

to albw additional insulation on the exterior.
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Brick Veneer:

Interior insulationis probably the best

approach to insulating a brick veneer foundation as

Detail 12 Foundationfor Brick Veneer

from the foundation should be located below the frost
lineto prevent frost heave from lifting the brick off the

shown in Detail 12. Any brick support extending out wall.
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Floors Over Unheated Soaces: Deal 13 shows
how to insulate a floor over an unheated space. The
mest common areas are cantileveredfloor s( shown in
Deal 14) andfloors over tucked-under garages.

Sealing Penetrations
Saling penetrations is animportant energy saving

measure Often overlooked during construction. The
most common foundation penetrationsare utilityservice

Detail 13 Floor Dver Unheated Space
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penetrations, vents, ausde faucets, and basement
windows.

Utility Service Penetrations. Theelectrical and gas
sie  entranceswillenter the houseeither at the band
joist or underground. They must be caulked wherever
they come in. If you have a basement that is insulated
on the insde, mount the dedtrical pand to a sheet o
plywood and seal the drywall and/or the polyethylene
air/vapor barrier to the plywood. If wires nost runinto

Detail 14 Cantilevered Floors
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thewal, run them through the plywood and seal around
them. Telephone and cable TV service always come
in at the band joist; seal around the wires with caulk.
The water supply always comes in below ground and
should be seadled where it penetrates the foundation
wall.

Vents. Ventsfromthedryer and controlled ventilation
system will exit at the band joist. Caulk wel around
the pipes. Ingtal a dryer vent with a good damper to

prevent air from coming in through the dryer.

OutsideFaucets: Install afreeze proof outsidefaucet
and seal around the pipe where it penetrates the band
joist.

Basement Windows. On a wood foundation, seal as
if it were an upper level window. (See Windows under
Construction Details in the Walls section). On a
concrete/masonry foundation, seal around the window
frame with foam sealant and cover with caulk. O
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WALLS

As we mentioned earlier, the design approach you
choosefor the wdlswill actually determinechoicesyou
make throughout the construction process. The
following sections, General Considerations,
Construction Detailsand Sealing Penetrations can help
you make thisimportant decision.

General Considerations

There are severa general considerationsto take into
account before you decide which approach to use when
constructing an airtight wal. These considerations
include the wall approach, insulation options, insulated
sheathing, exterior ar barriers, and sding.

Wall Approach: Whichconstruction approach you
choosedependson thelength d timean individud plans
to spend in the home and the experienced the builder.
Since the priced energy resources will most likely rise
in the future, the longer a homeowner plansto live in
the home, the more insulation the wadls should have
because adding additional insulation to walls at a later
time isdifficult and expensive.

Thelessexperiencea builder haswith energy efficient
construction, the more the Airtight Drywal Approach
would be the better choice. It is the closest to
conventional construction, and eliminatesthe hassle o
using polyethyleneastheair barrier which buildershave
had a problem with in the past. The Strapped 2x6
Approach and Double 2x4 Approach, though more
complicated and dightly more expensive, aso solve
many d the common polyethylene hassles by placing
the air/vapor barrier back into the wal instead o on
the interior surface. (See the Construction Details
section for schematicsd each wal approach.)

Insulation Options: Walls are most commonly
insul ated with fiberglass batt insulation, but other types,
such as blowrrin cellulose, rock woal or fiberglass, can
also be used. Fiberglassbattsmust be carefully install ed.
Leaving even 3 percent voidslowersthe overal R-vaue
d thewdl 17 percent and promotesthermal convection
loops. Over compressionalso lowers the batts effective
R-value. (See the Insulation section for detailed
insulation comparisons.)

Insulated Sheathing: Insulated sheathing ranges in
R-vdue from R4 to R-7 per inch. Ingtal at least one
inch o rigid insulated sheathing on al exterior wals
Use meta diagonal bracing instead d plywood at the
corners. THS minimum R-4 insulation value will help
keep the wal cavity warm and will increaseits potential
to dry out if it gets wet from condensation. Insulated
sheathing also short circuits the heat path through the
wadl studs. The top d the insulated sheathing should
beseal edwithagasket or caulkingandt he seamsshould
be taped to stop convective loops from making the

sheathingineffective.

Exterior Air Barriers. Thereareexterior air barrier
sheets that can be added at the time d construction
under the sding. These barriers dlow moisture vapor
to pass through, but not air. Since most insulated
sheathing products are also air barriersif their seams
are taped, the additional air barrier may not be
necessary.

Siding:  Which siding you choose will not significantly
affect the energy consumption d the home. F you
choose wood siding over insulated sheathing, one
recommendationistoingal thesidingover furringstrips
as shown in dl the illustrations in this book. This
approach, caled the vented rain screen, preventsrain
and moisture from being drawn into the wal by
equalizing the pressure on both sides d the sding. It
also helps prevent the siding from overheating and
buckling when the sun shines on it. The vented rain
screen should be sealed at the top but should remain
open at the bottom. Aninsect screen should beinstalled
at the bottom. The vented rain screen is designed to
help increase not only the life o the paint or stain but
asothelifed the wood siding. Thisapproach can also
be used for other typesd siding, but is not ascritical.

If you do not choose to use the vented rain screen
approach, contact the manufacturer d the insulated
sheathing you choose for specia instructions for
ingaling different typesd siding over their product.

Construction Details

Wall Details: Detail 15 shows the three wal
approaches. The Airtight Drywdl Approach uses the
drywdl and the building materials as the air barrier.

The Strapped 2x6 A pproach and Double2x4 Approach
rely on a polyethylene air/vapor barrier.

Corner Details. Detail 16 shows corner framing
detailsfor the three wal approaches. Drywdl clipscan
be used at corners to diminate a stud for the Airtight
Drywdl Approach. The Strapped 2x6 Approach needs
the extra stud to support the 2x2 strapping.

Strapping: The strapping on the Strapped 2x6
Approach should be applied horizontally at 16 inches
on center with a 2x4 at the bottom and at the 4 foot
level. See Detail 17.

Interior/Exterior Wall Junctions: The joint where
the interior partion meets the exterior wal has always
been a difficult joint to seal. Detail 18 shows how the
Airtight Drywal Approach seals it and how the other
two approaches avoidthe problem. TheAirtight Drywall
Approach uses gaskets placed on the ouside stud o
the insde partition to keep the air barrier continuous.
Any electrical penetrations from the exterior wal to
theinterior wal must be sealed. To avoid these gaskets,
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the exterior walls and ceiling can be drywalled before
building the interior partitions;, the drawback is the
drywaller must cometwice. TheStrapped 2x6 Approach

Detail 15 Wall Options

and Double 2x4 Approach avoid problems with sealing

wall junctions by running the polyethylene air/vapor
barrier behind theinterior partitions.
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Detail 18 Interior/Exterior Wall Junctions
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Windows. Detall 19 show methodsd sealing around
windows. The Airtight Drywal Approach shows the
drywadl wrapped around the corners and back to the
windows. Thedrywall isthen seal ed to the window frame

Detail 19 Sealing Around Windows
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should be applied carefully in the joint around the larger to dlow for the 12inch plywood that connects
W ndow and the polyethylene air/vapor barrier should theinterior and exterior wals. Blocking may be needed
be seekedto the window rough opening. The window in the strapped 2x6 and double 2x4 walls to provide
rough opening in the double 2x4 wall should be 1inch amounting surfacefor curtains.
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Doors:. Detall 20 shows door sll details for the three
wal approaches. For the thick wal o the Double 2x4
Approach you may want to widen the rough opening
as shown in Detail 21, to keep from scraping your
knuckles when opening the door. (See the windows
section for header details.)

Bathtub: Only the Airtight Drywall Approach needs
a special detail for sealing around a bathtub. Before
installinga bathtub or tub/shower unit against an outside
wdl, the outside wall should be insulated, the bottom
plategasketted, and asheet of drywal or plywood nailed
up. All the joints in the drywadl or plywood should be
caulked. This smplifies a difficult air sealing situation.
If a bathtub hasa lip designed to fit behind the drywall,
another layer d drywadl will have to be installed over

Detail 20 Door Sill Details
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the first asshown in Detail 22. If a soap dish isdesired,
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Sealing Penetrations

The main penetrations in exterior wailsare electrical
boxes for outlets and switches.
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as possible. Then, where outlets and switches are
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| METALINSULATED | I RN
[R0IR )
=l ] =~1" HETURNED
L DAY WALL RETLIRNED T DOOR

TO DOOR FRAME ! = FHAME
1

3 _{'__. :|
—r I
=
AIRTIGHT DRYWALL STRAPPED 2x6
APPROACH APPROACH

Detail 21 Door Installationin Double 2x4 Wall

T ‘. _
A ] '_. s 7 PLYWOOD
9004/ s DRYWALL

| WOOD MOLDING

e ——

AIR/VAPOR BARRIER

METAL INSULATED DOOCRE —-1_IL

DOUBLE 2x4
APPROACH




ConstructionDetails- Wdls 35

fiberglass boxes and seal around the wire with caulk. Detail 22 Bathtub Installation
The drywaller should mud the drywall to the box. Foam
outlet and switch gaskets should be installed beneath
the cover plates. If fiberglass batt insulation is going
to be used, the wiresshould run aong the bottom plate
instead d at outlet height, to keep from compressing
the insulation.

The Strapped 2x6 Approach requires shallow
electricad boxes. They can be naled to the strapping
that is 16 inches df the floor. Wires running up the
wall should aso be run behind the strapping and not
drilled through it. Also, when running the wire up
through the floor, it may be better to run it up into
an interior wal instead o drilling through the 2x4
strapping at the bottom. If you choose to drill through
the 2x4 strapping, youll need to put a meta plate on
the front face to keep nails from puncturing the wire.
The Double 2x4 Approach can bewired conventionally.
Just make sure you don't poke holes in the air/vapor
barrier.

Other Penetrations: Occasiondly, plumbing pipes
and drains may need to penetrate exterior wals They
need to be sealed wherethey penetrate the drywdl. O
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ROOF SYSTEM S

The find step in construction is choosing the roof
system. This choice can be divided into three sections
which include the following: General Considerations
involving choices and important considerations;
Construction Details providing construction
schematics; and Sealing Pentrations explaining how to
seal common celling penetrations in the air barrier.

General Considerations

The parts o the roof system youll need to consider
in construction are Conventional Trusses, Insulation
Options, Sizing Overhangs, Roof Ventilation andTruss
Uplift.

Conventional Trusses. The conventiona truss or
rafter system has two problems. First, it allows very
little space for insulation over the top of exterior wals
which increases heat loss Second, it dlows the wind
to blowintoand under theinsulation, cooling theinterior
ceilling surface at the outer walls which causes
condensation problems at that point. Raised trusses,
which are discussed later, solve those problems.

Insulation Options: A minimum o R-40 insulation
is recommended for the attic floor. This can be either
12 inches o batt insulation, 10-12 inches o blown-in
insulation or a combination of the two. When using
trusses, blown-in insulation will fill in around the truss
members better than batt insulation. If batt insulation
is used, the upper layer should be placed perpendicular
to the bottom layer.

SizingOverhangs. The height o the soffit above the
windows has a great effect on the size o an overhang.
In lowa, an overhang o 30 inches with a soffit at ceiling
height would be as close to idea as you could hope
to get. There is no idea overhang size because size
does not dlow for temperature differences. You may
need solar gain in March and not need it in September,
but the sun is at the same angle during these months.
The sun angles given in Table 4 can be used to help
determine shade lines at different times o the year.

Table4 Sun Anglesat 42 degrees N. Latitude

JAN21 28 MAY21 &8 SEP21 48
FEB21 39 JUN21 71 OCT21 39
MAR21 48 JUuL21 68 NOV 21 28
APR21 59 AUG21 59 DEC21 25

Attic Ventilation: The primary purpose o attic
ventilation is to get rid o moisture during the winter
and heat during the summer. In the winter, moist air
on the inside o the house can rise through the celling
penetrations, reach the dew point, condense, and get

the insulation wet. However, the tight attic floor o an
airtight home prevents most o thisair leakage and the
higher insulation levels keep the summer heat out,
makingattic ventilationlessimportant. Thecombination
d soffit vents and ridge vents, as shown in Figure 5,
provide the best attic ventilation. Power vents should
be avoided because they consume more energy than
they save.

Figure5 Attic Insulation

RIDGE
VENT o
— F\_\-\-\\L
| T
SOFFT + SOFFIT
VENT | VENT

Truss Uplift: Trusses can actualy bow up in the
middle, leaving a small crack along the tops of interior
walls. This usualy occurs in the winter and corrects
itsdf in the summer. It is caused by a difference in
temperatureand relativehumidity betweentheinsulated
bottom cord and the cold upper cord o thetruss. The
top cord is surrounded by cold air with a high relative
humidity and the bottom cord is surrounded by warm
air with a low relative humidity. The top cord tends
to absorb moistureand lengthen, while the bottom cord
remains the same length or shrinks. The lengthening
o the top cord causesthe trussto arch upward.

Detail 24 shows a solution that can help prevent the
drywadll from cracking f there is truss uplift. By using
drywadll clipsat the top o interior wals and nailing the
drywall no closer than 12 inchesto theinterior partition,
the drywall can flex f truss uplift occurs.

To minimizetruss uplift, choose good quality trusses
built with kiln-dried lumber. Keep the trusses covered
while stored on the site, and install the roof soon after
the trussesare placed to keep them asdry as possible.
Sealing dl the holes in the attic floor is very important
to prevent warm moist air from leaking into the attic,
raising the relative humidity, and increasing truss uplift
problems. Following these procedures will not aways
prevent truss uplift, but can minimizeits effect.



Construction Details- Roofs 37

Detail 24 Planning For Truss Uplift
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Construction Details

The following sections show how to increase the
energy performanced common roof systems.

Raised TrussOptions: Detal 25 showsthree raised
trussoptions. Thesetrussesprovideadequateinsulation
over exterior wdls and stop ar intruson into the
insulation with appropriately placed blocking. When
cantilevering the outside 2x6 wall 2 inches, the outside
support on the trussshould be a 2x6 aso.

Cathedral Ceiling Options. Detall 26 shows con-
struction options for a vaulted celing. The first is a
raised scissor truss; the second isa modified floor truss.
A plywoodfloor trussmakesinsulatingeasier. Theother
alternativeis to use 2x12's with an air shoot under the
roof sheathing. The cavity can then be insulated with
batts or blown full d insulation. F moreinsulation value
is desired, rigid insulation can be added on the lower
sided therafters.

Story-and-a-Half: Detail 27 shows how to insulate
a story-and-a-half,or finished attic, for the Airtight
Drywdl Approach. Blocking pieces with gasketson the
top and bottom need to be placed between the floor
joigsto stop air from entering under the floor. Rafters
larger than 2x6's should be used to dlow for additional
insulation. Rigd insulation can be added beneath the

drywall, on the sloped section d the roof, to further
increase the insulation vaue. Air chutes should be
installed as needed for adequate ventilation. A smilar
approach can be used for the Strapped 2x6 Approach
and Double 2x4 Approach.

Interior Wall/Ceiling Junctions: The Airtight
Drywal Approach uses gaskets along the top plates
d interiorwadlsto carry theair barrier through asshown
in Detal 28. The Strapped 2x6 Approach and Double
2x4 Approach ingdl the polyethyleneair/vapor barrier
beforetheinterior walsare constructed. Any tears need
to berepaired.

Sealing Penetrations

Adequately sealed celing penetrationsare essential,
not only for energy savings, but aso to control truss
uplift and other moisturerelated problems. Thefollowing
shows how to seal common celling penetrations.

Light Fixtures: Sinceair often leaks through ceiling
light fixtures, room lights should be mounted high on
interior partitionwalsinstead d on the celling. Another
alternativeisto uselampscontrolledby switched outl ets.
F you must have a ceiling fixture, Detail 29 shows two
ways to keep it artight. With the Airtight Drywal
Approach, ashalow box should be mounted (after the
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Detail 25 Energy Efficient Trusses _

Detail 26 Vaulted Celing Options
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Detail 28interior Wall/Celing Junction
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Detail 29 Ceiling Light Fixtures
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LIGHTFIXTURE POLY APPROACH

Detail 30 Attic Hatch
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et
Detail 31 Sealing Around a Metal Chimney
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Detail 32 Handling Plumbing Stack Expansion
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drywdl isin place)to a blocking piece positioned above
thedrywall. The holethroughthe bl ock should beseal ed
around thewire. With the polyethyleneair/vapor barrier
ceiling, a box must be constructed and covered with
polyethylene. The wire should come into the box
through the side or through a blocking piece vith the
hde caulked.

Recessed lightsshould be avoided or ingtalled only
in bulkheads or lowered ceilings where theydo not
penetrate the air barrier. Track lights can be used
instead o recessed lights.

Attic Hatches I it's possibleand the localbuilding
code allowsit, place theattic accessdoor in the gar age
or outside on a gable end. This automaticaly sol ves
air sealing problems. If the attic access door must be

located on the insde o the house, Detail 30 shows
how to sedl it properly.

Chi mmeys: Detall 31 shows how to sed a metal
chimney with both the Airtight Drywal Approach and
the two approaches that use a polyethylene option. If
the house will have a masonry covered fireplace, stop
the masonry at the celling and continue up with wood
construction to stop the therma transfer through the
masonry.

Pl unbi ngS acks: Detail 32showshow tosed around
both small and large plumbing stacks with the Airtight
Drywdl Approach and the two approaches that use
a polyethyleneoption. O
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T e —

MECHANICAL SYSTEMS

CONTROLLED VENTILATION SYSTEM

As stated previoudly, a controlled ventilation system
isamust for awell-built IDEAL home. Most researchers
suggest .30 to .50 air changes per hour (acph) o
continuous ventilation, with intermittent higher rates of
air exchange when necessary. The system should run
continuously except on days o moderate temperature
when the windows can be opened. Although there are
severa options for controlled ventilation, the central
exhaust single intake system is the simplest and the
least expensive; it can be used with two types d heat
recovery explained later in this section. For clarity, we
will refer to the central exhaust single intake system
asthe"smple system.”

Central Exhaust Single Intake System

The simple system uses a two-speed exhaust fan to
draw air out d the kitchen, bath and laundry areas.
It is not designed to recover any heat. A central timer
switch is installed to turn the fan to high speed when
more ventilation is required. A humidistat in a central
location will trigger intermittent higher rates of
ventilation i the humidity rises above a predetermined
setting. The setting will vary with the outdoor
temperature. If condensation appears on the windows,
the humidity setting should be lowered.

The two-speed exhaust fan should besized to provide
a continuous ventilation rate o 0.3 acph on low speed
and 1 acph on high speed. The following formula can
be used tosize the fan:

Volume of House x acph/60 minutes = fan size
in cubic feet d air flow per minute (cfm)

The fan must be able to deliver the desired cfm at
a static pressure o 0.2 inches. You will probably not
beabletofindafan that meetseach requirement exactly.
Youll have to choose one closest to the right size.

Intake vents for the kitchen, bath and laundry should
be located high on interior walls. Lining a stud cavity
with plasticand sealing the jointscan make an adequate
duct. The kitchen exhaust vent should not be located
directly over therangeto keep greaseout d the system.
Use a recirculating range hood to catch the grease.
The filter in the range hood should be cleaned or
replaced regularly. The dryer should be vented directly
outdoorsand not into the controlled ventilationsystem.

Fresh ar can be returned to the house in three
different ways depending on the type o heating system
installed. If a forced air heating system is used, fresh
ar is returned to the cold air return on the furnace
where it is distributed by the duct system as shown
in Figure 6. The fresh air duct should connect to the
cold air return at least 6 feet from the furnace to spare
thefurnacetheshock o theincomingcoldair. A damper

should be placed in the fresh air duct to regulate the
incoming air. if the furnace fan overpowers the exhaust
fanand pressurizesthe house, ingtalingaflow restrictor,
which regulates the cfrn regardless o the pressure
difference, will keep thisfrom happening.

If you choose a heating system without ductwork,
the fresh air can enter through a supply air duct that
comesinat onelocationand branchesinto three smaller
ductsto distribute the fresh air to three different parts
o the house. Or through-the-wall inlet vents can be
placed in each room for adequate fresh air supply. Care
should betaken not to release the colder fresh air where
it could make the occupants uncomfortable. One
solution is to dump the colder air into closets with
louvered doorsto temper it.

The fresh air intake vent is best located on the south
side o the house where it can benefit from warmer
winter temperatures. Do not |ocateit near other exhaust
vents or where automobile exhaust can enter. Locate
the exhaust and intake vents at least 10 feet apart and
high enough df the ground so they cannot be blocked
by snow in the winter. Cover the openings with a rain
cap and insect screen.

Exhaust ductwork should be at least 5 inches in
diameter with as few elbows as possible. The fresh air
duct should beat least 4inchesin diameter and insul ated
to prevent condensation. Table 5 lists the components
necessary for a simple controlled ventilation package.
Figure 7 shows how to wire the system.

Table5 MateriasList for a Simple Controlled
VentilationSystem

- One 2-speed fan sized as needed

- e dehumidistat (attic humidity control switch 20-806)
- One duct damper

- One 80 minute timer

- Two outside vent coverswith screens, one with damper
- Grillsfor kitchen, laundry and each bath

- Ducts to kitchen, laundry and each bath

- Enough duct insulation to insulatethe fresh air duct(s)

Heat Recovery Ventilation Options

Figures 8 and 9 show two heat recovery alternatives
that can be added to the simple controlled ventilation
system, theair-to-air heat exchanger and theair-to-water
heat pump. These can be added either at the time o
construction or later ashigher energy pricesmakethem
more cost effective. The ar-to-air heat exchanger
preheats the intake air with the exhaust air. The air-
to-water heat pump extractsthe heat from the exhaust
air in the winter and heats water with it. This hot water
can be used for domestic purposes and/or tied into
the heating system. In the summer the unit can be set
up to take the heat and humidity out of the intake air.
The heat pump heat recovery system appearsto have
the most potential for future heat recovery systems. O
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Figure & Contralled Ventilation
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Figure8 Air-to-air Heat Exchanger
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HEATING SYSTEM

Choosing a heating system involves decisionson fud
type, distribution method, and system type. As you
make these decisions, keep in mind how each decision
will affect other systems within your home.

Fue Type

Choosing a fuel typeisa mgor decision. The costs
d water heating and clothesdrying are directly affected
by thechoiced heatingfudl. Inanenergy efficient home,
the annual cost d operating these two appliances may
be larger than the annua heating cost.

The four types d fued that can be used for heating
new homes are electricity, natural gas, propane, and
fud ail. The fallowing chart listssome advantages and
disadvantages d each type:

Table 6 Advantagesand Disadvantagesd Fuel Types

Fud Type

Advantages

Disadvantages

Electricity

Matural Gs

Propane (LP)

Fused Ol

No chimney or vent
needed

No indoor air pollution

Adaptsto wind and
photovoltaics

Delivered right to your
home

Reatively inexpensive
fuel

Clean burning fud

Competitivepurchasing
Clean burning fuel

CompetitivePurchasing

Must buy from one

source
Relatively expensive
heat source

Must buy fromone
source

Needs chimney or vent

Potential indoor air
polluter

Adequate combustion
air needed

Pricefluctuates greatly

Needs chimney or vent

Needs outdoor storage
tank

Outdoor tank may not
be dlowed

Must monitor your own
fuel level

Potential indoor air
polluter

Adeauate combustion
air needed

Needs chimney or vent

Needs indoor storage
tank

Must monitor your own
fuel level

Potential indoor air
polluter

Adequate combustion
air needed

Smply comparing the advantages and disadvantages

d each fud type does not give you enough information
to base a decison on. The instaled cost d the heating
system, the cost d agasversusan electric water heater
and clothes dryer, and the yearly operating costs o
each, should be examined.

Distribution M ethods

There are two methods to distributing heat within
a new home. One method, called forced-air, usesa fan
to blow air across a heat source then distributes the
hot air produced through a ductwork system. The ducts
typicaly supply hot air to the outside perimeter d the
house, with cold air returns positioned on inside walls.
This was donein the past to increase comfort because
theoutsidewdlswerecold and the windowswereleaky.
But, thisincreasesthe cost d the ductwork, decreases
heating efficiency, and may not be necessary in an
IDEAL home. Because the wdls d an IDEAL home
are wdl insulated and the windows are tight, the hot
air ducts could just as wdl be installed on the inside
wadlswithout alossd comfort.

Thesecond typed distributionmethod, called radiant
heating, uses warm objects to radiate heat to cold
objects. Most radiant heating systems use eectricity
to heat up an electric resistanceel ement, which radiates
heat to other objects in the room. Hot water heat is
also a form d radiant heat. Because there is no ar
movement, houses with radiant heat often fee more
comfortableat a lower temperature.

The type d distribution method chosen depends
primarily on the typed air conditioning system desired.
With central air conditioning,aforced-air heatingsystem
is probably the best choice. If you choose a radiant
heatingsystem, youll havetoingal ductworkfor central
ar conditioningor use a room ar conditioner d some

type. -
Heating System Types

Heating systemsfdl into two categories, electric and
gas. There are several different options within each d
these categories.

Electric Heating System Options
(SeeFigure 10)

Although electric resistance heating systems may
have higher operating costs, they may be a good option
to consider for the low energy house due to their low
installed cost.

Central Forced-Air: The electric forced-air furnace
useselectric heatingelementsto heat air blown through
the house. It is less expensive to ingdl than a gas
furnace, doesn't require a chimney, and has low
maintenance costs. It can be used with a setback
thermostat and can have central air conditioning added
easily. However, it is currently the most expensive to
operate.

Zoned Forced-Air: A zoned forced-air system uses
smal self-contained boxes that contain electric heating
elementsand a smdl fan. These boxescan be mounted
in thefloor with a conventional floor grill or in an inside



48 A Builders Guideto lowa's IDEAL Homes

Figure 10 Electric Heating Options
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wal. They were previoudy used to heat bathrooms or
other hard to heat areas but are now catching on for
energy efficient housing. They are relaively inexpensive
to indal and give you the benefits d zoned heating
with the air movement d a forced-air system.

Baseboard: Like the eectric resistance forced-air
furnace, theelectricresistancebaseboardisinexpensive
to ingdl and requireslittle maintenance. It requires no
ductwork or chimney. The heating elements are
mounted along the baseboard. Its main advantage is
that it dlows the temperature in each room to be
individudly controlled. Heat can be turned df in any
room not being used. Thiszoned heatingability typicaly
reduces heating requirements 10-20%. A master
thermostat can also be used to control dl the rooms
at the same time. Two drawbacks d this system are:
1) furniture must be arranged so it does not block the
heatingelementsand, 2) thereisno ductwork for central
ar conditioning.

Celling Cable: Ceiling cable has dl the advantages
and disadvantages d electric baseboard, but places no
restrictions on furniture placement. Ingtaling the ceiling
drywall requires extra care to avoid damaging the
heating elements.

Ceiling Cove: Ceiling cove is smilar to electric
baseboard except that it is mounted at the top d the

wal insteadd at the bottom. Thisalowsfree placement
o furniture.

Radiant Panels. Radiant panels are panels with
electric heating elements that can hang on the wal or
celing. They can be plain or decorative. They offer the
same advantagesand disadvantages as celling cable or
ceiling cove systems.

Air Source Heat Pump: An air source heat pump
isaforced-air el ectric heating system. Instead o getting
its heat from electric elements, it extracts heat from
the outside air and transfers it indoors. Normaly, the
air source heat pumpisabout twiceasefficientaselectric
resistance systems, but its efficiency decreases as the
outdoor temperature drops. It operates most efficiently
in mild weather when an energy efficient home requires
very littleheat. Inextremely cold weather, theheat pump
switches to back-up electric resistance elements.

The price d an air source heat pump is Smilar to
a high efficiency gas furnace with central air. The ar
source heat pump requires no chimney and can use
a setback thermostat, though it requires a special one
designed for heat pumps. Because it must deal with
lowa temperatures ranging from -20 degrees in the
winter to 100 degrees in the summer, it tends to have
a shorter life and can often have higher maintenance
costs than a gasfurnace.
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Water Source Heat Pump: The water source heat
pump extracts heat from water instead d air. Access
to the water is usudly gained in one d two ways, it
can be drawn out d the ground and returned to the
ground, or circulated in a closed loop pipe either
trenched-in and laid horizontaly or drilled-in and run
verticaly. Because the water source heat pump uses
water that is essentidly the same temperature year
around, itslifeislonger than the air source heat pump.
The operating cost is usudly lower than other heating
systems, but for the IDEAL home with its low heating
demand, the initid high cost o the water source heat
pump makes itsingdlation hard to judify for a house
that requiresvery little heating and cooling.

GasHeating System Options
(See Figure11)

Conventional Forced-Air: A conventional gas
furnace should not be used in an IDEAL home. The
controlled ventilation system puts the home under a
dight negative pressure which could cause flue gases
to come back down the chimney endangering the
occupants.

Figure 11 Gas Furnaces
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Moder ate Efficiency Forced-Air: These furnaces
have Annual Fuel Utilization Efficiency (AFUE) ratings
d 80-87%.Mogt d these units have an induced draft
fan on the exhaust to insure that the flue gases are
carried out d the house. Keep the vent d an induced
draft furnace as short as possble, venting it out the
sided the houseinstead d up the chimney, if possible.
An induced draft furnace that has no source d outside
ar should not be ingaled in a home without the
recommended controlled ventilation system.

Some medium efficiency furnaces funnel outside air
directly to a special sealed combustion chamber and
out the exhaust vent without using any insde air. This
eliminates the possibility of combustion products
entering the house. When using gas, sealed combustion
systemsare preferred.

High Efficiency Forced-Air: These furnaces have
ARUE's over 90%. Mogt vent out thesided the house
rather than upachimney. Somehaveseal ed combustion
chambers and dl are induced draft. High efficiency
furnaces are usually more expensive than other
furnaces. This makes it harder to judify their higher
cost for an IDEAL home.

COMBLUSTION

CONVENTIONAL DRAFT
60+% EFFICIENT
GAS FURNACE

INDUCED DRAFT
80+%6EFFICIENT
GASFURNACE

SEALED COMBUSTION

90+% EFFICIENT
GAS FURNACE
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| ntegrated Heating Systems

New heating systems are being developed every day.
Heating systems will eventually combine heating, air
conditioning, water heating and controlled ventilation.
Some new systems usea smal boiler to heat the house
and the water with an add-on cooling coil for air
conditioning. Another may useaheat pumpwater heater
which heats, coolsand dehumidifies. Other systems use
a conventional air-to-air heat exchanger with an add-
on fan cail for heating the house using the water heater
and anadd-onair conditioningcail for coolingthe house.
Watchfor new devel opments.

Water Heater/Fan Coil System: One system that
seemsto be getting more popular usesthe water heater
to heat the house. Hotwater circulatesfrom the water
heater to a fan coil located in a forced-air plenum
chamber. See Figure12. Central air can easly be added
to this system. The water heater can be gasfired or
electric. The cost d heating water with gas is usudly
less than hdf what heating water with electricity costs,

Figure 12 Water Heater to Fan Coil Heating System
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but a conventional gas water heater should not be used.
ff gas is the choice, use one d the new direct vent
sealed combustion models, induced draft models, or
add an induced draft attachment to aconventional water
heater. Some o these new models need to be placed
close to an outside wdl because d their next design.
If gas is not available, an electric water heater can aso
be used. The set upisthesame.

Heating your home with a water heater dlows the
later addition d a solar water heating system when it
may prove to be cost effective. The solar system can
supplement both the domestic hot water system and
the space heating system.

Heating With Wood

Because the heating load in an energy efficient home
is so small, heating with wood can be a problem.
Overheatingcan easlly occur. Try to purchaseassmal
a unit as you can find. If you must have a fireplace
or woodstove, ingtall a unit that is designed to use
outsideair for combustion.o
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Figure 13 Central Air Conditioner

..-;,_‘: -
— CUTSIDE COMPRESSOR
e

REFRIGERANT LINES

i

AlR
CONDITIONING || # ETUR

AIR “

FURNACE

iR RN

T T T T T

COOLING SYSTEM

Thetyped hesting system youve chosen will dictate
the typed cooling systemsavailableto you.

If a conventional central ar conditioning system is
desired, aforced-air heating system would be thelogica
choice. The ductwork would then be dual purpose. A
central air conditioner has a compressor sitting outside
thehomeandan" Acail intheductwork with refrigerant
lines connecting the two. See Figure 13.

F you choose a hesating system that doesn't require
ductwork, adding a conventiona duct system may be
alot d additional expense for lowas moderate cooling

season. A horizontal flow fan and an "A coail can be
mounted on the undersided the floor system. Hexible
ducts can then be used to distribute the cooled air.
Another aternative is to use a wall-mounted, split
system room ar conditioner as shown in Figure 14.
Avoid usng a conventional window or through-thewall
unit because it is difficult to seal around. In a tight,
well-insulated home, a stationary room air conditioner,
sized to meet the heat gan d the structure, may be
able to cool a whole floor adequately. F the doors are
open to the rooms at the other end d the house, the
difference in temperature between the two areas is



52 A Builders Guideto lowas IDEAL Homes

usudly within a few degrees. F the home you design
has more than one floor or a finished basement, you
may need more than one unit to do an adequate job.
Homes constructed with an IDEAL approach will
probably only need two tonsor lessd air conditioning.
The mgor need in an IDEAL home in the summer is
not necessarily cooling, but dehumidification. Air
conditioning efficiency is measured in terms d the
Seasond Energy Effidency Ratio (SEER); the higher the

Figure 14 Wal-Mounted, Split-System Air Conditioner
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number the more efficient the unit. The norma SEER
rangeis 6.0 to 15.0. F you choose a high efficiency air
conditioner (oneover 10.0),it may be wiseto undersize
it so it runs longer, keeping the coil colder and
dehumidifying better. Higher efficiency units tend to
have warmer coil temperatures and consequently
dehumidify less. F you oversize an air conditioner for
an energy efficient home, your home may be cool, but
it will al'so be more humid. O
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WATER HEATING

The choice d the water heating fud is usudly
determined by the choice d heating fuds. Here are
some options for water heaters, operational tips, and
new ideasfor plumbingsystems.

Gas Water Heaters: F you choose a gas heating
system, itislogicd togo withagaswater heatingsystem.
Because the house will be under a dight negative
pressure due to the controlled ventilation system, only
an induced draft water heater or a sealed combustion
water heater should be used to prevent flue gases from
coming back into the house. Induced draft attachments
which can be added to conventional gas water heaters
are avalable, but they are rdatively new and their long
term effects are unknown. Figure15 illustrates these
three gaswater heater options.

Electric Water Heaters: |If your heating fuel choice
is electric, astandard electric water heater isan option
you might choose. Becausethereisusudly noinsulation
on the bottom o an electric water heater, it should
be placed on at least 2 inchesd extruded polystyrene
insulation.

Heat Punp Water Heater: Another option, if you
choose eectric fud, is a heat pump water heater. It
can be twice as efficient as a standard electric water
heater, but usualy costs 2-3 times as much. Thereare
two typesd heat pump water heaters. Oneis attached
to a storage tank. The other is a separate unit that
can be added to any water heater. Both extract heat

H gure 15 Gas Water Heating Options

from the surrounding air to heat the water, a desirable
advantage in the summer because they cool as well
as dehumidify. On the other hand, in the winter, this
cooling effect could make a living space located next
to the unit uncomfortable. However, the reatively short
heating season in an IDEAL home tends to dleviate
this problem. Although the initid cost d a heat pump
water heater is consderably more than a standard
electricwater heater, it may becost effectivefor alarger
family.

Tankless Water Heaters: Tankless water heaters,
both gas and electric, have been used in Europe for
many years. There are small units meant to heat water
for jus one tap, and there are whole house modes.
The eectric models generdly cannot ddiver sufficient
flowandtemperature rie to completely replace a
conventiona water heeting system. The cost d having
agmal heater for each hot water outlet would be cost
prohibitive. However, they can be used as booster
heaters.

As the name implies, the tanklesswater heater has
no storage tank. It heats water as needed, avoiding the
normal heat losses from the tank. Theoreticdly, this
iswhereit savesyou money. However, reported energy
savingsappear to be exaggerated. F you follow the tips
liged at the end d this section, standby losses on a
conventiona water heater Wi be minimd. Also, unlike
a conventional gas water heater where the pilot light
helps heat the tank, the energy from the pilot d a gas
tankless unit islost up the chimney.
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Tankless water heaters may never run out d hot
water, but neither do they deliver as much hot water
asa conventiona water heater. The conventional water
heater can deliver water asfast as your plumbing can
handleit, but the largest whole house tankless unit can
deliver just over 3 galsminute at a 60 degree
temperaturerise. Thismeansyou couldn't takeashower
and wash clothes at the same time. Because d high
initid costs, wholehousetanklessunitsarehard tojudtify
economically. And, some peoplemay find thelow output
objectionable. Also, induced draft or sealed combustion
modelsare not currently available.

Solar Water Heaters: There are two typesd solar
water heaters: activeand passive. (SeeFigurel6).Active
solar water heaters usea pumpto circulatefluid through
solar collectors mounted on the roof. These collectors
collect solar energy and use it to heat your domestic
hot water. A properly sized active solar water heater

can supply up to 70%d your hot water, but at today's
priceswould be hard to justify economically unlessyou
used an extremely large amount d hot water.

A passive water heater is a less expensive option,
but can only be used in the warm months. It generdly
consists d a black tank in a box, with a gass cover
facing south. Thesun shinesthroughtheglassand heats
up the water in the tank. All the cold water entering
your water heater is preheated as it passes through
the passivesol ar water heater. Thisoptionappealsmore
to the do-it-yourselfer.
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Water Heating Tips: The two nain ways to save
on water heating costs are to reduce standby |losses
and reduce the amount d hot water used. Methods
for reducing standby lossesare illustrated in Figure 17.
Either specia check valvesor heat traps shoulde

ingtalled on the hot and cold water lines. An insulatiorlires.

jacket should be ingtalled on a newv water heater even

if it is advertised as an energy efficient model. And,
thefirst 10fedt d bath hot and cold water lines should
beinsulatedto dow heat lossdueto conduction through
the copper pipes.

To reduce hot water consumption, inddl low flow
shower heads in showers and aerators on faucets.
Always use cold water to rinse clothes and dishes
Choose a dishwasherthat Fesa booster heater so you
can setyour water heater temperatureat 120 degrees.

New ldeas: Sone new innovations in plumbing
systemscan be energy savers. One system uses smal |
diameter flexible polybutylene tubii with one tube
running to each fixture. Push button ek at each
point d use allowthe user to select the temperature

Figure17 Reducing Water Heater Standby Losses

and flow rate desired. Sndl diameterlinesmeanyou
dont have to wat vay long for hot water to arrive.
Being able to set your own fl owrate allows naxi num
water conservation. And, according to the
manufacturers, the system costs little more than a
conventional copper plumbing s8am  One drawback
isthereare morelittlethingsto go wrong.

Another approach woul d be to use the polybutylene
pipe but inddl the plumbing in the normal fashion. This
saves energy and labor time, but checkyour loca codes
first. Some dty plumbing codes may not dlow the
polybutylenepipe.

Another new devicesaves energy by using coldwater
to gush the hot water I€ft in the supply lines back to
thewater heater. A combinationd a cylinder, a piston
and a check valve accomplishes this. The savings
average 15206 d hot water consumption. However,
if you shut the hot water df for a moment, you may
hae to wat for the hot water to return. Another
potential problem is the damege to the seals that
extremely hard water could cause, O
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OTHER CONS DERATIONS

SELECTING THESTE

F you have a choice d lots, choose a south doping
lot with good solar access surrounded by a windbreak
d treesasshown in Figure 18. If the back d the house
faces south, it alows you to have a walkout basement
with the potential d solar gain to both the upper and
lower levels d the house. However, south doping lots
with trees are not always available, especidly in urban
areas. An IDEAL home achieves efficient energy
performance by relying on airtight constructionand high
levelsd insulationinstead o strictly passivesolar. Solar
energy should be used when possible, but an IDEAL
home can be oriented in directions other than south
with only asmadl lossin energy performance.o

LAYING OUT THE FLOOR PLAN

An IDEAL home can be adapted to virtudly any
architectural style, but try to design with asfew corners
as possible. Each corner increasesthewadl areaexposed
to the outdoors and adds to the construction cost. The
simplest and most efficient design, though probably not
the most architecturally appedling, isa rectangular plan
with one d the long sides facing south.

Two story homesare generdly cheaper to build than
single story homes d the same size due to less
foundation and roof area. A two story home has one-
third moreexterior wal areawhich higoricaly has been

Figure 18 Ided Site

poorly insulated; asingle story house has more exposed
foundation. This means both typesd homes are fairly
equal on energy efficiency. Since the wadls and
foundations o an IDEAL home are better insulated
those in conventionaly constructed homes, the two
story house will remain fairly equal to the single story
home on energy efficiency.

The fallowing tips can be used to layout an IDEAL
home. The garage is best located on the northwest
corner d the housewhereit can buffer thewinter winds
and protect the entry. Living areas that will be used
primarily in the evening should be located in the
southwest part d the houseto use natural evening light
as long as possible. Bedrooms, contrary to tradition,
are best suited for the lower levd where it is cooler
and where there is protection from the tornadoes we
frequently have in lowa However, this is not aways
practical if you are planning a two story house.
Bathrooms,laundry areas, mechanical rooms, and other
rooms needing only small windows or no windows at
al should be located aong the north wal d a house
where they will not take up vauable south exposure.
The closer you can locate bathrooms to kitchens, the
cheaper and more efficient the plumbing system.
Although many d these tips seem to contradict each
other, a good designer will be able to incorporate them
into an appropriate design to meet your needs. O
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WINDOWSAND DOORS

Windows are important to an energy efficient home
for many reasons. They provide natural light and a view
to the outdoors. They improve the exterior and interior
aesthetics, provide solar heat gain in the winter, dlow
for natural ventilation, and are an optional exit in case
d fire. On the negative side, windows increase heat
losss in the winter, heat gains in the summer and
increaseair infiltrating the building envelope. For these
reasons, the following factorsshould be eval uated when
selecting an efficient window system: type d window,
typed glazing system, location, and shading.

Typed Window

Figure 19 shows the six common typesd windows,
The man difference between them is the amount o
ar leakagethey dlow around the sash. Generally, fixed
windows are the tightest, followed by awnings and
casements, double-hungs, didersand didingglassdoors.

Figure 19 Window Types
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All manufacturersd windows have data availableon
ar infiltration. This data is measured in cubic feet o
air leakage per minute per linea foot o crack between
the sash and frame (cfm/ft). The industry standard is
50 cfm/ft, but most good windows are below .20 cfrm/
ft with some down below .02 cfm/ft. This information
is useful for comparison purposes, but when the window
getsingaled in an actual house, the numbers may be
entirely different. The way a window is manufactured,
how it iscrated and transported, and how it is installed,
affectsitsfina performance. Even the best window, if
treated roughly and installed in askewed rough opening,
could lesk a considerable amount d ar. The best
defense againgt a leaky window isto seal thefixed joints
on the window with a clear caulk after it isinstalled.

Fixed windows should be used anywhere that an
operable window is not needed for ventilation or
emergency escape. Although fixed units should have
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no air leakage, they are not always factory sealed and
should be sealed on the site. Sliding glass door
replacement glass can be used for inexpensivesite-built
fixed windows. Fixed units can also be ordered in
combination with operable windows.

Casements, the most popular operable windows, are
similar to awning windowsin that they open likea door
and seal fairly tight. When you order casement
combinations, not dl the windows have to open. For
larger window areas, awning windows can be placed
under fixed units to provide the largest window area
with the smallest operable area.

Double-hung windows, like diding windows and
doors, have to be loose enough to dlow the windows
to dide. Thii iswhy they normally have 2-3 times the
ar leakage rate as casements and awnings. If the look
d adouble-hungwindowisdesired, twoawningwindows
d equal size can be stacked on top o each other. The
top hdf can be made non-operable for more energy
savings. Also, an in-swinging patio door will provide a
much tighter seal than a diding glassdoor.

Wood is the most common type d window frame
material and is a fairly good insulator.  maintenance
is a concern, the wood can be covered with exterior
cladding such as duminum or vinyl. Aluminum frames
should only be used if they contain an adequate thermal
break between the inside auminum and the outside
aluminum. Enclosed air spaces increase the insulation
valuein polyvinyl chloride( PVC) and vinyl frames,

Typed Glazing System

Glazing refers to a layer d glass. A double-glazed
window consists o two layers d glass separated by
an air space. Although double-glazed systems remain
the most popular option in window glass, a variety of
glazing systems have been designed to meet the
recommended R-3 insulation rating which ordinary
double-glazing cannot achieve. Table 7 compares
different types d glazing systems. The higher the R-
vaue, the warmer the interior surface temperature and
the less chance d condensation problems. Table8lists
the indoor relative humidity at which condensation will
occur at a given outdoor temperature. The warmer
surface d the R-3 windowsalso makes the home more
comfortable.

A new development is the low emissvity (low-E)
coating. This transparent metal oxide coating, when
applied to a double-glazed window, reflectsradiant heat
back into the room. Theresult isadouble-glazed window
with the R-value d a triple-glazed window. Another
method being used to achieve the insulation value of
a triple-glazed window is the suspension d a clear film
between double glazing, creating dead air spaces
without the weight d the third glazing. This film can

Tdde 7window Glazing Comparisons

Winter Energy Gain
R UV Solar Bhy' sq ft*

Glazing Type Value! Trans Tran2 South E/W  North
SingleGlazed : 09 78% 8™ 10500 -58400 -106600
Double Glazed : 2.0 64% 77% 73300 12300 -32200
w/ Low-E ;31 29% 61% 67800 19400 -15800
w/ 1 Film : 28 6% 74% 86700 28100 -14600
w/ 2 Films : 38 2% 71% 93700 37500 -3500
w/ LowEFilm : 40 43% 61% 77400 29000 -6200
Triple Glazed : 3.2 b51% 70% 85400 29900 -10500

1R-vaues are taken from the 1981 Ashrae Handbook
d Fundamentals and from product literature. R-values
will vary according to amount d air space between
glazingsor films, and theemissivity d thelow-E coating.

2Solar Transmission =shading coefficient x.87, or usable
solar heat transmitted through the glass. Thismay vary
with manufacturer.

T h e estimated winter energy gain isthe net gain (solar
gain-heat |loss) based on the average solar radiation and
heating degree days for central lowafrom Nov. - Apr.
These figures are for comparative purposes only, and
should not be used in actual calculations. The amount
shown assumes that dl the solar heat that penetrates
the window is usable.

Tableg Window CondensationChart

—

Double
Window: Sngle Double Double Double Double LowE Triple
Type : Glazed Glazed Low-E Film 2Films Film Glazed

R-
value: 09 2.0 31 2.8 3.8 40 32
Percent Relative Humidity at Which
Outside : CondensationWill Occur
Temp : Insde Temperature = 70F
0F 44 i HI¥Y, THY 2T 8y B
iF : IR [ ! Ti'% % Fi'i i ¢ |
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oF = L Fa g 55% 65% 6% T
A0F — 17k 5% I & 6% 35%
-M0F — gl 4 &6 arh J4h 50

also have a low-E coating applied to it achieving an R-
4 rating.

Still another option requires suspending a mini-blind
between the glass The window is a double-glazed
window when the blind is open during the day, but
performssimilar to a triple-glazed window at night when
the blind is closed. Thii blind can also be used to keep
out unwanted solar gain.




L ocation

A rule d thumb on window placement is to have
10-15%d your floor areain glasswith 40% on the south,
30% on the east, 20% on the west, and 1% on the
north. North windows are always a net heat loser, but
they are useful for cross ventilation. West windowsadd
sgnificantly to the cooling load in the late afternoon
during the summer unless adequately shaded.

Shading

Overhangsareacommon meansd shading windows,
but only work effectively on south windows. (See Roof
Systems under the Construction Details section for
szing information on overhangs.) Overhangs aren't
effective for east and west windows because the sun
comes in under the overhang in the afternoon. Just
one hundred squarefeet o east or west glasswill require
more than a ton o additional air conditioning capacity.
Options for cutting summer solar gain through east and
west windows include reflective films, solar screens,
appropriately placed landscaping, bamboo shades, and
awnings.

Window Treatments

The main problemwith usingmovablenight insulation
onwindowsisit usualy requires occupant involvement.
The homeowner either has to put an insulated panel
in at night or pull down an insulated shade. Often
homeowners will use the night insulation for the first
couple years, but then lose interest. People want
something simple. It is generally better to ingtall an R-
3 window that requires no occupant involvement than
to ingtal a double-glazed window and rely on the use
d movableinsulation. If the movableinsulation doubles
as the window covering, it is more likey to be used.
Most peopleclose their curtainsat night.

Window treatmentsdoincreasethecomfort d ahome
by diminating the few cold surfaces that do remain,
but are seldom cost effectivefor an IDEAL home based
on energy savingsalone,

Doors

An R-15 insulation rating is recommended for dl
exterior doors. A metal insulated door with a thermal
break between the interior and exterior metal surfaces
with a tight seal is the most desirable option. Although
astorm door may not becost effectivebased on energy
savings, you may dtill want to ingtal one for summer
ventilation or security reasons. A vestibule entry is
generdly not cost effective for an IDEAL home. The
home is already tight enough to prevent cold air from
rushing in; the minor energy savings that would result
from the vestibuleis not judtified by the valuable space
it occupies. It would, however, reduce drafts and

increase comfort near a heavily traveled door. Most
houses can be designed to use the garage asa vestibule
for family members.O

LIGHTING SYSTEM

The primary goa in designing an energy efficient
lightingsystem isto minimizethe number o light fixtures
needed. One way to accomplish thisis to plan window
locations in areas used often during daylight hours to
take advantage d natural light. Also, decorating with
light colors makesa home seem brighter.

One d the first considerations in an energy efficient
lighting system is where you place the lights. Provide
low-level general illumination for the whole room using
task lighting to brighten specific reading or working
areas. Try to avoid ceiling fixtures, mounting fixtures
on interior walls avoids penetrating the air barrier and

Tabl e 9 Lighting Efficiency Comparisons

Light Efficacy

Output  (lumend Lifetime
Bulb (lumens) watt) (hours)
Incandescent
200W 3910 196 0
150 W 2790 186 0
135 W miser 2530 191 =0
100 W 1750 17.0 0
100 W longHife 1500 150 2500
95 W miser 1710 180 =0
90 W miser plus 1360 151 2500
BW 1190 159 ™0
70 W miser 1170 16.7 =0
60W 855 150 000
55W miser 855 155 1000
52 Wmiser plus 700 135 2500
OW 470 118 1500
25W 190 7.6 2500
15W 120 80 2500
3way incandescent
150w 220 148 1150
100W 1640 164 1200
50W 530 116 1500
Fluor escent
40 W 4t tubel 2200 478 20,000
34 W 4ft tubel 2300 716 20,000
40 W 16" circular1 2500 54.3 12,000
R W12 creularl 1800 489 12,000
2 W8'circular' 1050 415 12,000
20W6' circular' 800 348 12,000
24 W screw-incircular2 1750 3938 7,500
18 W compact screw-in2 1100 611 7,500
13 W compact screw-in? 900 692 10,000
9W compact screw-in2 600 66.7 10,000
Other
55 W GE Miser Maxi-
light (basedown) 250 409 5000

1 An additional wattage d 15% was added to cover
ballast consumption.
2 Includes ballast comsumption.
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cutsdownoninfiltration.When possible, usetrack lights
instead df recessed lights. Recessed lightsare best used
between two heated spaces, such as on the basement
caling.

Efficiency is another important consideration. Multi-
bulb fixtures are poor choices. Larger wattage bulbs
are more efficient than several smaller wattage bulbs.
The main way to compare lighting efficienciesis by their
"efficacy” (lumens/watt). The higher the number, the
more efficient the bulb. For example, a 100 watt bulb
givesdff more light than two 60 watt bulbs.

Table9compares theefficaciesd thetypesd lighting
common to residential construction. As you can see
from the chart, fluorescent lights use 1/3 to 1/4 the
amount d energy incandescent bulbs use to provide

Figure 20 Indirect Fluorescent Lighting

the same amount d light. The fixtures and bulbs cost
more, but last ten times as long. Consider fluorescent
lightsfor the kitchen, baths, basement recreation room,
laundry room, and utility room. They can also be used
for indirect lighting in hallways, living rooms, and
bedrooms. Figure 20 illustrates how to use fluorescents
for indirect lighting.

New typesd bulbsand systems are being devel oped
dl thetime. One new devel opment featuresalow voltage
lighting system which dlows you to have as many
switches per light as you desire. The lights can be
controlled from one central control panel and can be
set to turn on and of at certain times. This system
isprobably chosen morefor conveniencethanfor energy
savings. O
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APPLIANCES

In an energy efficient home, lightsand appliancescan
account for over hdf d your energy hills Figure 21
shows how your appliance energy dollar is divided.
When purchasing new appliances, compare
"EnergyGuide'’ [abelsand buy the highest efficiency you
can afford. Less efficient appliances add considerable
heat to the home during the summer months. This
increasesthe coolingload. Tipsfor cutting down energy
costson specificappliancesfalow:

Refrigerator/Freezer: Don't buy alarger refrigerator
than you need. A large refrigerator takes more energy
to keep the same amount d food cold. Be sure the
unit has an energy saver switch which shuts df the
electric elements that keep condensation from forming
on the surface d the refrigerator. You will probably
only need to turn the switch on during hot humid days.
Findly, keep the refrigerator away from heat sources
andout d direct sunlight whichcan makeit work harder
to keep food cool.

Freezer: A chest unit is more energy efficient than
an upright moded!; it doesn't lose as much cold air when
you open the door. Compare "EnergyGuide’ [abels.

Range: An electric range is recommended for an
energy efficient home. A gas range can be a source
d indoor air pollutants. Ingtal arecirculating range hood
. to remove grease and odors. Glass top units are less
eficent than surface elements. Since a self-cleaning

Figure21 Appliance Energy Consumption
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oven has moreinsulation than standard models, it's d so
more energy efficient. A window in the door can reduce
the amount d energy lost from opening the door to
check on food.

Dishwasher: Select a dishwasher with a booster
heater, an ar dry option, and a short cycle selector.
Compare the "EnergyGuide’ labels and water usage
when shoppingfor a dishwasher.

Washer: Select a washing machine with a variety of
settings for water level and temperature as wdl as a
cold rinse option. A suds saver tank, which dlows you
to wash severd lightly soiled loads with the same water,
isa nice option but it is seen in fev models. Compare
"EnergyGuide’ labelsand water usage.

Dryer: Since the dryer is vented directly out d the
house, you can select either a gas or eectric modd.
Thiswill probably bedetermined by thechoiced heating
and water heating fuds. If gas is chosen, make sure
the unit has an intermittent ignition. Gas dryers cost
considerably lessto operate than electric. Select adryer
with a variety d settingsfor different fabrics, an easy
to reach lint filter that should be cleaned after every
load, and a moisture sensor to shut the dryer df when
the clothesare dry.

Waterbed: Insulate under and around the mattress
with at least 3! inch extruded polystyrene. Thiscan cut
the operating cost by 30-50%.Use a mattress pad and
keep the bed covered when not in use. O
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LANDSCAPING

In new homes you have many |landscaping options
with few limitations. Y our optionsr ange from siting the
house usingalready existingtrees, to plantingiew trees
and shrubs. With dl houses, | andscapi ng can be divided
into four areas: south, east, west, and north. The south
side will receive the most solar gain in the winter and
is best kept clear d large trees. Even deciduous trees
ithose that lose their leaves in winter) can ill block
up to 60% d the sun's solar radiation. Trees on the
south should be at least twice as far away from the
house as the trees’ mature height will be. Shading for
south wallsis best accomplished with fixed or movable
overhangs or awnings, shade screens or other simla
devices.

East and west windows receive only minima solar
gan in winter, but are a mgor cause d summer
overheating. They actualy receiveover 50% more solar
radiation in the summer than south w ndows do. So
when landscaping your home, summer shading takes
precedence over winter heating. Trees on the east and
west should have low branches to shade the windm
and wallsfrom the low early morning and | ate afternoon
sun. Slightly taller trees can go on the southeast and
southwest corners d the house, located at a distance
d five times their mature heightway from the house,
to avoid winter shading.

The winter wind in lowa usualy comes out d the
northwest, so the primary concern for the north side
d the house isto give it protection. This can be done

Figure 22 [ andscaping For Eneray Efficiency

by placing windbreaks and low shrubs against the
foundation.Evergreensnever losetheir leavesand make
an excellent winter windbreak for the north and west
sides. Windbreak density must be maintained from the
ground up with no gaps between trees or pruning d
lower branches. A combination d low shrubs, fences
and trees d various heights makes an ideal windbreak.
L ocatethe windbreak one to three timesits height away
from the house in order to deflect the wind over the
house.

Ground cover can aso have an impact on summer
comfort. Concrete or asphalt patios, sidewalks and
driveways can absorb heat and raise the temperature
d theair around your homethat you usefor ventilation.
They can also reflect sunlight into your house, raising
theinsdetemperature. To avoid these problems, either
shade these hard surface areas or substitute grave,
wood decking or a new method called grasscrete.
Grasscrete usesaspecialy patterned formwhich alows
grass to grow through the concrete. Grass covered
surfacescan be 25 degreescool er than asphalt surfaces.
The object is to minimize paved surfaces, shade them
where possible, substitute cooler materials, and cover
bare ground with grass or other natural ground covers.
Any combination d these will make your surroundings
more comfortable and cool the air you use for
ventilation.

Most urban lots do not alow much room for
landscaping, but if you haveroom to properly landscape
your | DEAL home, Figure 22 showsan option. O
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SOURCES OF INFORMATION

If you have questions concerning this book or other
energy related topics, call the Energy Hotline at 1-800-
532-1114 from anywhere within the state of lowa. In
Des Moines the number is 281-7017. The Energy Hotline
is a service provided by the state of lowa to help answer
questions on all aspects of energy. Many publications
on a wide variety of topics are available free of charge.

The Energy Hotline has additional information on the
following topics that deal with energy efficient
construction:

Solar Radiation in lowa
Sunspaces

Window Developments
Window Treatments
Wood Burning Stoves &
Fireplaces

Basement Insulation
Blower Doors
Heating Degree Days
Home Heating Index
Passive Solar

The following are other sources of information on
energy efficient construction:

Books:

The Airtight House, James K. Lischoff and Joseph
Lstiburek, lowa State University Research Foundation,
EES Building, Habor Road, lIowa State University, Ames,
IA 50011. 515-294-8815, 95 pages.

The Superinsulated Home Book, J.D. Ned Nisson
& Gautam Dutt, John Wiley & Sons, Inc., 605 Third
Ave., N.Y., NY 10158. 1985, 316 pgs.

A New Approach to Affordable Low Energy House
Construction, Joseph W. Lstiburek & James K.
Lischkoff, Alberta Dept. of Housing, 10050-112 Street,
Edmonton, Alberta, Canada T5K ZJ1. 1984, 100 pgs.

Practical Building Science—Affordable Problem
Free Construction, Joseph W. Lstiburek, Building
Engineering Corp., 157 Richard Clark Drive,
Downsview, Ontario, Canada, M3M IY6, 416-926-8910.
1986, 300 pgs.

Energy Efficient Home Construction - Basic
Superinsulation Techniques, National Center for
Appropriate Technology, P.O. Box 3838, Butte, Mt
59702-3838, 406-494-4572. 1984.

Magazines:

Energy Desian Update, Energy Design Update, 1100
Massachusetts Ave., Arlington, MA 02174. 617-648-8700.
Monthly.

Practical Homeowner, Rodale Press, 33 E. Minor St.,
Emmaus, PA 18049. 9 issues/yr.

Progressive Builder, Solar Vision, Inc., P.O. Box 470
Petersborough, NH 03458-0470. 603-827-3347. Monthly.

Publications & Reports:

Energy Efficient Housing—A Prairie Approach,
Energy Research Development Group, Univ. of
Saskatchewan. Available from: Saskatchewan Power
Corp., 2025 Victoria Ave., Regina, Saskatchewan,
Canada S4P 0S1. 306-566-3190. 1982. 34 pgs.

Maine Audubon Society Guide to Superinsulated
Construction, Maine Audubon Society, Energy Dept.,
118 U.S. Route One, Falmouth, ME 04105. 207-781-
2330. 1983. 36 pgs.

Air-Vapor Barriers, D. Eyre & D. Jennings, Energy
Mines & Resources, Conservation & Qil Substitution
Branch, 580 Booth St., Ottawa, Ontario, Canada K1A
OE4. 1983. 101 pgs.
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