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- From 197810 1981, the U.S. De-
+.partment of Energy (DOE) awarded
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A -,
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conservation, solar, biomass,, -
wind. geothermal and hydfo pdiver. . ;

Ths booklot is part offa series of . v
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applications in the home and the- , ‘)

*, work place. These publications . ~ .o , .
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‘During the last decade, home
heating bills have become an
inc¢reasing burden dug'to rising
L0Ner8Y cost o,lbssen this bur-
A den, milliofls of {lomeowners have -
weatherized: théy have caulked air
leaks, weatherstripped doors and
wmdows and insulated attics. By .
and large, thése energy conserva-
tion efforts have been effective..

At the same time, efforts have
been made to use alternative

-spurces of energy that could help

t

" U.S. Department of Energy Appr

reduce the need for. .expensive fuel
oil and natural gas. Most signifi-
cantly, soJar energy applications—
solar greénhouses, Trombe walls,
additional south-facing glazing,
otc.—have o nerged as cost+
effective al€rnatives, and home-
owners gverywhere have begun to*
retrofit their homes with active
and passive solar heating Systems.
This widespread interest in

‘ energy conservation and solar

applications was reflected in the

priate Technology Small Grants

Program: almost 60 percent of the
projects weré in these two techypol- ",

ogy fireas, or'in n1ARY cases, :
combination of both. The experi-
ences of the grantees and others
have led to at least on€ important
realization: There is a practical

limit to the amount of energy t‘\}t:t

can befsayed using conventiona
home weatherization techniques
and solar heating systems as ap-
plied to existing housing. The
number of existing cragks and
cavities and how weljthey are
detected and filled will limit the
amount that heating bills can be
reduced by weatherization. And
many existing buildings are un-
suited to solar appllcations

-, "

A

o

sgained (i.e., reduced heat

z‘g;

.,

because of shading;: orientation,
nppearance and storage.

There is, however, an alterna-
tive desponse to these limitations: a
thajor energy cons’ervn\ion retrofit.
A major retrofit requires a signif-
icant commitment of time an
money, and this comntitment’ must
be weighed against the benefits

ing costs).
A major retldfnt demandé’fm)or
reconstruction of*the building;
including adding more depth (thick-
ness) to theé walls and ceilings, and
entlosing the entire building enve-
lope in an airtight vapor barrier. A
major retrofit is certainly not the,

cenergy-saving answer for every .
_house, but.it does make sense for

the homeowner who is plahning a
major rehabilitation/remodeling job
anyway.

-The strategies for accomplishing
a major energy—efﬁcnency retrofit
are relatively new and not always
familiar to architects and contrac-
tors that do more conventional

~ remodeling. Adding a structural

ystem to accommodate large
mounts of insulation in the walls
and ckilings provokes a wide range
of Yuestions: How much and, what
kind of insulation should be -
added? Where should the insula-
tion be added—on the inter)dr or
the exterior? Whg® problems occur.
in joining a vapor barrier between
the wall and the ceiling? How
much will the job cost?

MAJOR ENERGY CONSERVATION

RETROFITS: A PLANNING GUIDE FOR

NPRTHERN CLIMATES is intended
for #rchitects, building and insula-
tion contractors, public housing

-administrators, and skilled owner-

builders
est in moving beyond conventional

ho have a strorig inter- -

R

weatherization practices. This
handbook is not intended
struction manual. It does, however,
present the information you will
need to plan the most costeffective
retrofit in @ northern clifnate -

(7,000 degree days,and above). The
plannmg strategy_ [!nesented ap-
plies.to_houses in warmer climates
as- well, but the alter) pative wall
strategies provided are designéd
for more severe climates,

Chapter 1 provxdcs the informa-
tion necessary to help
if a major energy retro t is the
right approach te your housing
situation. Chapteg? helps you
decide whether t ketroflt the in-

. side or the outside of tlie house "
~and it pravides helpful solutions to

the potential problems one mjght
encounter once the location has ~ -
been determingd. Chapter 3 com-
pares the various wall, roof, and -

floor retrofit strategies by cost-and

insulative value per. square foot as
well ds pointing out pgroblems ‘in-
herent in techniques for the exte-
rior and interior and for the

s 8 con-’

{

grou decide j
4 .

masonry and the wood frame . -

structure.

Appendix A provides a step-by-
step procedure for-calculating the
cost and tnsulative value per
squarg, foot for an 8-foot-by-8-foot
~ wall section and over 30 tables

* that use this procedure to show
. how costs vary when different

materials and retrofit techniques
are used in the walls, roofs, and
floors. Appendix B provides sum-
maries of selective grant projects

“related to energy conservation and
» solar retrofits. Appendix C pro-
.vides a list of sources for more *

3

information on energy conservation

netroflts

-

e
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There is a wide rungx of opiiohé
available for retrofitting a house

» to make it more energy efficient.

They begin-with filling any avail-

CANADIAN RETROFIT Before an‘;_ Aﬂer -

These photps illustpate the minor

“able space in the attic (except - impact of a major exteripr retrofit

vents) with insulation, and ctin-
pleting standard weatherization
steps, like caulking air leaks,and
adding storm windows. Such an
option .might cost”approximately
$2,000 for an average-sized

" house. On, the other end of the

spectrum is a superingulation ret-
rofit. which requires major recon-
struction work beyond filling

existing wall and- attic cavities.

This option requires a sizable in-
vestment—in. some ‘cases, as
much as $20,000 (Figure 1.1)..

" . Because a major energy retrofit.

is a complex and.wexpensive un-

, ~dertaking, a serious assessment -

of the benefits and liabilities must
be made. First, is the house appro-

priate for a major investment? -

“While it might be physically pos-

. sible to retrofit any house, it is not

always a sound investrhent. -Does
the house need major remodeling
work in thesfirst place? Can the
owner afford the cost of the retro-
fit, and will this investment pa

fﬁr itself in the long term throug

lower utility bills? What are the
projected energy - savings? What
tax,credits are available for this

type of investment? These and .

other important questions must be
answered before deciding on the
appropriate investment. - this
chapter .the issues
these + qubkstions’ are- discussed
with an emphasis on helping plan-
ners and owners weigh the retro-
it optlons . .

<
L4

What is a Major Energy
Retrofit? |

While thousands of new, energy- - -

efficient. superinsulated houses

have been built in the last decade, °

“there are millions* of existing -

houses for which major energy ret-».
their -
owners with lower heating bills, In

rofit work could benefit

"4
.

Q ' ‘ »

related to’

on a home’s appearance. The ret-
rofit - work cost approximately
$20,000, of which §7,000 can be

fharged to general remodeling

‘Photo crbdit: Natidnal Research Institute of Canada

o . g B ~ ‘(.‘r: - ) g
R-8 walls'
R-15 ceilings

Before the Hetrof’ t:

.

Aﬂer the Retrof'/ R—48 walls ', e
' R-55 cenlmgs :

-wonk that was planned. The retro-
fit work hag resulted in a $7/155 a
year savings in electric bills. The
energy -eopservation * investment
will pay back in 11 years.

Ri} R e,

Doubi'e glazlng
Yearly electrical uhage 40,662 kWh

/-
I . !
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A
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B
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" contragt to optimal weatherization
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FiGuRE 1.2 Factors determinirfg gmiiql;ﬂ_ity of a’

¢ L

whichis limited by the size of the
existing wall cavity, a major energy
retrofit involves adding new mate-
rials to' the.existing envelope of the:
house. The primary .expenses of
this work-are new iraming, -added
insulation, an air vapor barrier,

"M

expense of new framing, a vapor
barrier and insuldtion is charged
against the retrofit while the new
siding and_roofing or interior fin-
ishes, fixtures, wiring, and plumb-
ing can be charged agdinst the

.
+

standard rehubilitation. -In such

cases the cost of the energy con-

and new finish material. In most{_servitjon part of Qle rehab could
cases, a major retrofit can be. be repaid in-a reasonable time due

transformed inta a superinsulation
retrofit at litle added cost.

Hewevet, transforming an _ener- ,

;{y glutton into an energy miser is.
ar more complicated than con-
stru?ﬁg a new building to super-
insulation standards. Every exist-
ing house is unique, with its own set

Adapting su
technology—with its, double gtud-
wall filled with great amountsﬁl\in-
sulation and sealed with an airtight

vapor barrior, & smaller than con-
ventional heating system, and a

“of retrofit p;‘§§lems and solutions.

. heat .recovery ventilating system

(airto-air heat exchahngep)—to an
existing house v*-ries with each
particulag situation. ® A

- R S

Which Houses are - -

. Appropriate for a
Major Betrofit? -

The right house comes in_many
different forms. It could be a house
that' needs new siding and roofing
or it could be one wheré the in-
terior ngeds to be “gutted” . and
rebuilt with all new wiring and
plumbing. In these cases the added

drinsulation building.

t® sizable fuel savings. If, on the
other hand, the prospective house
is hot in need of major interior or
exterior work, the total cost of ma-
jor conservation work (new fram-
ing, insulation, a vapor barrier

d new finish méterials) would
hdve to be measured against fuel
savings and/have a much longer;

“rehabilitation or a

probably nreascnable, payback

(Figure 1.2). \
The cost effectiveriegg of a ma-
jor retrofit is. measurad by com-

_paring the cost of the retrofit to the

difference - between - heating bills
before and after the
Therefore, it will generally be a
better investment to bring a com-
pletely uninslated house up to
superinsulation’ stapdards than to
bring: & conventionally insulated
house up to superinsulation stand-
ards. This is b&ause, while the
retrofit costs would be similar in
both- cases {the only major differ-
ence being higher insulation costs

retrofit. -

‘withow, fixing

¥ .
e,
, .

AL |

plan, ‘the window configuration, .

and the grientation are the same,
but eacH house has differgnt in-

.sulation and air-tightness f&atures.

House 1 is poorly- insulated, and
perhaps in need of major interior

rehabilitation and a new furnace. -

House 1l is insulated to conven-
tional lgvels and does not need

House III meets superinsulation
standprds, the interior is n good
condition, and electric - baseboard

heating has beer'’ installed instead . .

7 .

of a gas furnace,
. Given these hypothetical . condi-
tions, it would cest-about $2,600 to
rgtrofit House I o House 11 ievels
intesior or re-
placing the  furnace. That work
would resut in annual heating bill
savings of $1,000, which means the
retrofit would pay for jtself'in less
than 3 years, a.good investment.

Comparativély, it would cost
over $13,000 to retrofit House 11 to

House III levels, and this, werk:

would save orly about $500 annu-
ally on heating bills. That would
not *be a very good investment.

_However, to retrofit House Ifto

.

House 111 levels would cost about
$15,000 and would_ save about
$1,500 per year, a luch better in-

- vestment. If the furnace and in-

terior wall finishes are replaced

for the uninsulated house), the fuel _as part, of an interior rehab, those
savings would be much greater in-

the first case.

The.houses described in Figure
1.3 demonstrate this pcint. In all
cases, total floor area, the floor

costs are not charged against the
retrofit, thereby reducing. the pay-

+

work. - .

back period on the conservation.

new furnace.

~

Marginal candidate fqr exterior retrofit{, ) }‘

HOUSE Ii: " Cood candidate for exterar retrofit
HOUSE ;- Good candidate for jnterlor retrofit
HOUSE 1V

HOUSE V: Poor candidate for reyofita.

o

Good candidate for demolition, total cost of pro]ect is prohibitive




| Walls, above grade
Basement walls .
Floor ( _ .

' _, {1 Windows (layers-of glaz}ﬁg)

Air changes per hour (ach) - °

-] Doors o , .

AN AT T
3 - i

r.

_ | Attic/ceiling retrofit
| Main wall retrofit
[ 7| Basement wall retrofit
) Floor retrofit  §
.| Storm windows : - 375
N Caulking & weatherstripping X 500
' High-R doors L ) e
~ | Air-to-air heat exchanger -
. - | New baseboard electric .
- | Savings on new furnace
Savings on sheetrock
. 508
‘ o RART
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* FiGure 1.3 Cost comparisons on three retrofits,
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y Other Advantages to a
Mbjor Retrofit

. The three-unit apartment in the
Montana retrofit example (sge
Sidebar) was an attractive can-
didage fof a major energy retrofit,

}mth becanse it was in need of a gut

“rehab (new wiring, plumbing, -heat-
ifg plant, and interior walls), and
bocause of projected fuel savings
and tax credits. More homeowners
are turning to rehabilitation

. because of+the high cost of new con-
struction, Q@iven "a
sound structu®e and a good archi-
tectural plan fqr converting an old

. . -
structure into a rehakilitated one,
construgtion will ysually cost sig-
nificantly less thag comparable
ne construction. Cost is part of
the reason. Forty-ong billion dollats
was spent on housing.rehabilitation
in 1981, compared to $62 billion
spent on new construction. While

less than 2 million new homes are

built euch year, a: large percentagé
of the 80 million existing house-
holds will negd repair .and thermal
upgrading in the near future:’
‘Besides cost advantages, rehabil-

than ngw construction. A U,S. De-
pu_rtmg of Commerce study in the
late 1970's showed that for $1 mil-

lion spent on construction, rehabili-

. tation created 109 jobs while new
construction produced only 69.
Rehabilitation work is génerally
more labor intensive, creating moyre
local jobs than new construction.

Rehabilitation also conserves a
hidden energy resource: the build-
ings themselves. The energy tied up
in the existing structure (building
mat’eria’ls and labor) remains ,ém-

v

In 2 Montana project, the grantee retrofitted an old
brick three-unit apartment. The soyth wall of the
building was transformed into a' 'massive vented
Trombe wall at a cost of $6,000 and an extra $4,000

- was spent on upgrading the insulation lévels in the in-

and ceiling (ste photo). After the project

" was completed, computer simulations were dgne to
compare a hypothetical superinsulation retrofit with
the existing solar work. The computer analysis indi-
cated that the $6,000 spent on solar improvements
would have provided a much quicker p_aybacl;\itn fuel
savings had that money been invested in maj

terior wal

- servation impyovements.
- . v .

B N oy .

itation creates more jobg per dollar

reasonably .

/\/\ t -
. L

bodied in the  rehabilitated build-
igd8. That energy is lost when the
existing building stock is dus‘t royed.
It also requires less gnergy to reha-
bilitatg structures than to build

‘comparable new buildings .accord-

ing to-a-1976 ERDA study and a
1979 study by the Advisory Council
on Historic Preservatidn.
Because of these public benefits,
and because rehabilitation helps
preserve América's architectural
heritage; Congress enacted” a tax
incentive program to engourage de-
velopears to rghabilitate. 'Té be eligi- -
ble for*the 25 percent tax credil: 1)
the building must be on the Na-
tional Register of Historic Places or
must contribute to an historic dis-
trict that is on the. National Regis-

L)

" ter; 2) the rehabilitation must meet .

s

the Secretary of Interior’s Stand-
ards for Rehabilitation (aimed at.
preserving the historic character of
a building while allowing modifica-
tions to encourage its continued use

_in today’s economy); 3) the cost of

rehabilitation must be equal to ‘or
greater than the value of the build-
ing before rehabilitation; and 4) the
finished building must.produce in-
come. Obviously, this tax incentive
program is intended for historic
buildings. It is, however, applicable
to rental housing and many of the
retrofit strategies described in this
booklet can be applied t6 meet the
Secretary’s standards. .
Even though the historic preser-
vation tax incentives gre not avail-
able to owner-occuffiints, energy
condervation tax credits are avail-'
able and the other advantages of -
rehabilitation and retrofit gtill
apply. Mang old houses can be eco-
nomically trofitted to heat for

~

-

or con-
cost about $5,000

-

much less than a conventional new

house. The energy retrofit can be
incorperated into an overall reha- -

bilitation project $q that thé total

construction cost will actually be.

less than new construction. In thig
case, the -private homeowner can
live .in an energy-efficient house

" with Nrchitectural character, that

would not be affordable in today’s -

new home market,

The advantages of mdjor energy
rotrofit to homeowners, developers,
and to the public are great. All con-
servation, work teduces -our de-
pendence on finite fuels for home

heating, reduces the outflow of

m the local community for
ating fuel, and reduces the

Home

"owners’ income devoted to heating

bills. Retrofitting low-income hous-
ing-also reduces tax-supported sub-
sidies for emergency home hepting
assistance? ) '

In summary, the task of perform-
ing a major energy conservation
retrofit is not easy or cheap, but it
can pay for itself when properly
analyzed: and planned. One can
easily compute the least expensive
retrofi%(')ption for.a particular wall,
but thal"wall is only part of the puz-
zle which includes Soor and win-
dow openings, interior parfitions,
existing use pgtterns and architec-
tural features. . There are also

“tradeoffs hetween optimum conser-

vation_ measures and conflicting

T
homeowner desires. These trade- -

offs vary from house to house and
with each owner. Before planning a
retrofit or choosing an appropriate
strategy, ' carefully evaluate your
houSe and its potential .as a ean-
didate for a major energy conserva-
tion retrofit.

"

National

a year to heat. (Butte has 9,700

/Xmed with information from this experienge, the -
architect who worked on the project went "on to -
design a major conservation retrofit of a three-unit
apartment building in Butte, MT. -

Built in 1905, the apartment is part of g
Historic Landmark District. The building had been va-
cant for several years when it was purchased by the
curfent owner. It was structurally sound and had sig-
nificant architectural character, but was in need- of
major interior rehabilitation. Historic energy con-
sumption figures updated to current prices showed
that the uninsulated building, if octupied, woyld have
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‘This "passive solar/conservation retrofit 5y a DOE

grantee in Montana demonstrated the value of invest-
ing in a conservation retrofit rather than in a passive

Because of the archltectural character of this
building (top) and becapse major interior rehabilita-

tion was required, an interior retrofit was selected.
@ar retrofit. -The retrofit construction was done in conjunction
) . with a gut rehab (bottom).
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" heating degree -days) Tt -had leaky doors -and- win- $25fsquare foot; stbstantially less than new construc: 4 .
ddws, no insulation, andian inefficient boiler ¢on-  tidn. Secand, h@t_;-'ﬂéé__t\h bujlding contributed to anh :
verted from coal to dgas. . I's .t - Historic Districs and be ‘ausg.the rehabilitation work
~ The owher first etermined that "t oyld be eto- " “rhet cqriain historic¥ preseyvation, : st ndards, the * .
nonfic to rehabilitate this building and that in doii\g so “owner was_ entitled 1o a foderal -ibcome tax credit =
a major thermal retrofit“would rdpidly pay for itself. -, equal-to 25 percent E}f the; cost of rehabilitation. Final-. |
Yhe cost of standard rehab work was estimatpd at* ly, the ownes's profit. margin should increase over the ;
$63.000 and for an additiopal $27,000 a superin-e years because the. owner pays the utility bills. Gen-. *~
sulation retrofit could be completed (thal included thg"  erally, rent inebases” are: based on-‘incredses in . 3’
_cost of installing R~45 attic insulation,"R-37 wall in-~  operating -costs. (comprised primarily Qf faxes and
sulation, an airtight vapor barrier, trip)g-glazigg, and  utilities). ‘As fuel Tostsrise steeply-in.conventional o
air-to-air heat exchangers). Computer sintulatioris #in-  rental pfyperties; rents will*rise: The owner of this oy
dicated a projected annyal heating bill of about $800,, retrofit project, however, will by,able to i:"o}lecl_ those /f‘
a savings of $4,200 per Year at current fuel prices. In "~ Jigher_tents -and pay: back the retrofit investment A
ths cidge, a major investment in conservation looked. sobner _ﬁecau'sé' he utility costs will remain lower ** &'
like a good investment (gee photo}.’ . _than those of co entjonial rental properties, allowing - ¥ ¢

‘There werge several other advantages in, this partic-- -fhe ownér to realde & largerdrofit. R I
ular case. First, the-to,tgl cost of the' project was about -~ oo s oo :
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INTERIOR bR
EXTERIOR -
RETROFH“P -

To plan. an effe(‘tl a}m‘ ro-
fit, the desigher inwst first decide
where it wil take plate—ipside or

outsnde thé building (Figure "2.2);"
"Two major qestions must be”an- -
- swered’ to choose botween an inte-

nor .and-exterior retrofit: *

; ' _" . Da either the intenor or exte- -
. o E n?. inajor ‘rehabilita-
fion?
o .2) & house have special

elex ents .that need to be pi‘& .

.= served?

Closely examine the extenor and
mle;io of thq house and consider
»all possibilities bgfore choosing the
réirafit location. Detérmine " if .
cither side of the pefimeter walls’
‘need major work.’ If the exteriof
siding -is deteriorating .and neéds

replacement, it may not makedsense- -

to plan thé major, energy retrofit in-
side the house,' By the same token, if
the house ‘interior is"in need of ma-
jor work—<remodeling a kitchen‘or

throom or' completely” rehabili-

ating the interior jncluding newy
wmng and plumbing—it probably

wouldn’t pay to add an insulated -

wall to the exterior.

In Minneapolis, | Minnesota, the
designer of a majof® energy conser-
vation retrofit project ignoghd this
fuamental planning step /causing
* the work to be more expengive than
_necessary. The hoyses [proposed
“for rehabilitation needed new - ex-
terior siding. Despite this fact, the
. designer planned the retrofit on the
« interior. The designer failed to an-

ticipate the additional "labor cosis -

related1o fitting the néw vapor bar-
rier around interior partitions and
“floor jdists. It became- gpparent
after the first several houses were
retrofifted tHat an exterior :(_!tmﬁt

e

S0

)l‘t

-
=

FlGUlB 2.1 Exterior and interior mtroﬁts

. F

1
‘!

~wauld -havé been more coqt effec-
tive in this case.

‘The other” preliminary planning
step is to be aware of any special
architectural details that are worth
preserving. Often these appear on

“the building exterior, as was the

case with grantee retrofits in Penn-
sylvania, Rhode Island and Connec-
ticut. When special details appear
on the exterior, the designer should
either consider an interior retrofit
o7 should remove " the decorative
féatures and reapply or replicate
them after an exterior retrofit. For
example, a grantee in Maryland
chose to retrofit the interior of an
old stdne mill in order to improve its
-heatmg performance. witht

the building. There are other cases -
where the owner wants to retain
special * interior features—an or
nate fireplace, a handtooled stair-
case or a molded plaster ceiling.
This is relatively ehsy if an exterior
retrofit . is planned but wilt require

special attention téor an
retrofit. Paying atfention to archi--

tectural details can malg the dif--

.occupants
» whereas an

“bujlding occupied. It

de- .
Stroying the historic character of -

interior -

ference betwpen an aq.{:eptable and |
unacceptable retrofit. - .
Another -important .\. 4
is whether the house Will
pied during the retrofit. There
should,be Ilttle inconv#Rience to the
ith an extetior retrofit,
\ interior retrofit in-
volves demolition and construction:
that would be difficylt. with the
it be pos-
sible to work on one reom at a tinje,

but this technique i% generally more '

costly and the construction mess is
stil una idable (Figure 2.2). )

here will be trade-offs to make’
whbther you work inside or outside -
the hotise. You will probably need
one overall strategy and a number
of specialty strategies to deal with
problem -areas or obstagles. In fact,
you may want to combine .interior
and exterior stfategies to meet
your particular needs. There may
be situations where all the insula-"
tion work is done on the exterior
with the exception of the basement
whibre it is less costly to work Inside
rathier than excavatiiig around the

basemeiit ‘wall to insulate. How-
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FIGURE 2.2 A grantee in Pennsﬁylvm}ci ;.
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could remain in‘thé house during const
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d on an éxtérior retrofit of this istoric strycture 50 that the byilding tenants
. Photo crédit: Rodale Press. e . : z
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ever, combining: inerior and exte
rior strategies can cause complica-
tions when it comes to joining the
“vapoer barriers.through the existing
perimeter walls, floors and ceilings
of the house (Figure 2.3). :
A grantee in Philadelphia retro-
 fitted an old brick rowhotise using
both extérior and interior ‘strate-
gies. In this instance, a new stud-
wall was filled with fiberglass on
the: front interior of the building
and the rear exterior was furred-
out, insulated with a rigid foam and
finished with stucco. Because the
grantee did nat install a continuous
vapor barrier, there is a greater
potential for degradation of the in-
sulation material due to moisture
condensation within the wall.

Labor and material costs, and"

lorig-term performance of the retro-
fit will be affected by the designer’s
decjgion to work inside or outside,

Y

" EXTERIOR .
~_ RETROFIT
CONSIDERATIONS
< An exterior .retroﬁt usually is in-
stalled in four basic steps: 1) the
vapor barrier is wrapped around

-the entire existing exterior and

sealed at all joints and ;openings; 2)
the new framing is applied over the

" new vapor barrier and’fastened to -
the existing house; 3)-th#:insulation

is installed within the new framing;

)

.exterior of @ house_is usually ymore

‘ fréi of obstacles to these steps, the -

exterior retrofit is usually simiplét.

and less expensive than the jnterior
retrofit. AR

‘However, there are a number. of

details - that can cause difficulty
Y

.»)

4) the- exterior finish phaterial -

rs

" and extra expense (F'tgurel,' 2.4).

These_problem areagigan usually
he identified by exalhini{lg struc-
tural systems, existing ' exterior
finishes, vapor ‘barriers, exterior
obstacles, and .door and window
openings. '

* Structural Systems *
The existing structural system of
a house will generally fall into two
categories: wood ‘frame .gystems

which provide a cavity which may
be filled . with - insulation and to

-

C

Photd

' , | .. which'new materials can easily be *
is fapplied (Figure 2.3). Bechuse. théy-nailed or screwed, and’ masonry

systems which don't-provide a cav-

ity which can be (easily) filled and
‘to which it is relatively difficult to

nail or screw new materials.
Wood frame struttures offer the
most flexibility in an exterior retro-

fit. For masonry 'systems, the de-

i
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-KEY TO EXTERIOR ROOF AND CURTAIN WALL % .
RETROFITS JOINED TO INTERIOR BASEMENT RETROFIT | .

I. New shingles and new decking ' - : ’

2.'New 2x6 rafters set on sleepers

3. New 2x10 sleepers set on existing_roof . .

. 4. 2x10 brgckets holding sleepers in place , . B

5. %4"'x12" plywood walking strips beneath brackets to protect
polyethylené «.

. Polyethylene vapor barrier laid over existing deck after old .
rogfing Is removed. .

1 7. Minimum 1" air space between insulation and new de‘\cklng
8. Ridge vent : I
9. 3% fiberglass batts betwgen rafters o :

10. 9% " fiberdlass batts between sleepers .

1 1. Soffit vents . - .

12.°0Old eaves cut back

13. Existing roof and ceiling construction

14. Wall vapor barrier sealed to roof vapor barrier Coe

I15. New exterior siding :

11 uilding paper or infiltration barrier (but not vapor barrier)

17, Curtain wall framing _
18. Space behind framing &

19. Wall vapor-barrier sealed to foundation
20. Ledger plate . .

21" Quarter réund ‘ e
22. Protective sheathing - . \
23, Extruded polystyrene ' i

24. Insulated existing wall cavity ’ - e
25. Insulated floor cavity . . .
26. Rigid (extruded polystyrene or foil-laced isogcyanurate) blocking ']
27. Basement wall vapot barrier sealed to joists and blocking
28. Basement wall retrofit framing .
29. New insulated cavity :

30. Foundation wall _ :
31. Molsture barrier from grade down td and along floor
32. New wall finish .

33. New flooring and sub-flo

34. New floor,vapor barrier

35, Sleepers

| 36. New insulated cavity .
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FIGURE 2.4 Probie{n areas - Exterior retﬁt. : _ S ‘ . |
- ‘ , - . .. ‘ " :‘ > . ?‘ U 2
“ . .o signer may avoid attaching new The curtain wall system costs wood gussets will support the
framing directly to the masonry by less in time and materials s(Figure- weight of the new siding. b
either supporting, a framing system 2.5c). It bas a single outsidgfram- . T v o
L from. the top and bottom of thé ing layer attached at its top and ~ . Exjsting Finish -~ . /°

+* ‘walls or gluing a rigidinsulation bottom without any interveni : : |
system directly to the masonry. Ap-* layers of framing. The curtain wall, Deteriorated exterior siding
plying one of several new framing ' requires more skill to erect becausq \ should - be removed. so the new .
systems is usually the easiest and all dimensions at the corners and framing or insulation- can be at-
least expensive approach (Figures around openings must be cicu- tached to a dolid surface. If, how-
2.5a and 2.5b). "~ lated and assembled with tlte fram- ever, the exterior finish is_stilF in - %
One-exterior framing method is ing on the ground. When it is lifted good shdps, then' three additional
) the strapping sy8tem. The builder into place, all new "corners’ and = questions should be asked: 1) Can
‘attaches - alterMate layers of ver- openings must align with the exist- the existing siding be reused? 2) If
tical and horizontal framing to the ing ones. _ =~ left in place, will the siding punc-
original wall to achieve the desired  The Larsen truss system may re-- ture holes in theé new vapor barrier
" wall thickness. The strapping .sys- ~ quire even less materials and labor. because of an uneven or rough sur- o
tem is easier for the ownerbuilder Because the Larsen truss-js at- face? 3) Can the retrofit framing be T
: because each piece of framing is tached directly to the wall, rather easily attached to thé axte[ior with
o : cut as it is fitted into place, but this than being supported at the top the existing siding left in place?
' _.'system wastes time and materials if . and/or bottom of the wall, it re  For an exterior refrofit, the en-
_the job is done. by a -skilled quires some sophisticated engi- tire house is usuallyifirst wrapped
carpenter. B neering to be certain that the ply- in a 6-mil polyethylene vapor bar

o 12 | 4 |
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.




’ \ - ‘I \ ﬂ. -‘«.

= rler."While this material is relative-
"~ ly strong, it is not meant {o with-
stand continual movement over
‘abrasive surfaces like - #ftucco or
~ masonry. (Even though the vapor
. barrier will be sandwiched’ within
.. the wall, changing wind conditions
will caube some aregs of the vapor
bagrier to “pump” or move within
th wall, wearing lioles in the mate- *
al.) Also, certain exterior siding
mmenals have shm'p corners that
may puncture-. ‘the vapor barrier.
. I“herefore you.must plan to ejther
*remove or cover all' abrasive or
sharp exterigr surfaces, including
roof shingles. |

Y < N

«

The Vhpor Barrier

.. The vapot, barrier is an essen-
tial part of a major energy retro-
fit: it reduces air infiltration and
inhibits the condensation of mois-
‘ture within the new wall cavity. A
Maryland grantee who experi-
mented with a low-cost insulated
concrete wall stressed the impor-
tance of a vapor barrier on'newly
insulated exteyior walls. As a
general rule cold climates,
there should be\t least twice the
amount of insulation (as medsured
if®fwalue) on the outside or cold
side of the vapor barrier as there #
is on the inside or Warm side of
the vapor barrier order to
avoid condensation hin the
wall. - ’ '
If the existing house wal has
any insulation in it, you need to
add at least twice that amount of
new insulation outside of the new
vapor barrier. Any existing vapor
barrier may be ignored in an ex-
terior retrofit since the new vapor
barrier should be. tighter and
therefore will be the major bar-
rier to both air infiltration and
vapor movement.
' . In an ideal exterior retrofit, the
vnpor barrier is wrapped over the
. “Youtside of the existing roof. How-
ever, because adding another roof
structure may cost as much ase
three times more than blowing the
attic . with loose fill insulation, it -~
ay seeém logical torg t for the
1 expensive approa It may
be tempting to combine an inte-
rior attic retrofit with an exteriof.
wall retrofit. But the problem with
this approach is that the ceiling .
vapor barrier, if installed, will be.
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. ‘Plumbers Strap Plywood Gusset
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‘' Neath Ledger Plate
. Y i .0‘
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Ledger Plate Secured XVith 48 Inch Sections Of Ledger Plate
Plimber's Strap And/Screwed To With Plywood Gussets At Ends, .
#xisting Studs At 32/Or 48 Inches P Lag-Screwed To Rim Joist - |
\OC . ' w
L] * ’ . .
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.
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~ Ledger_f?Tate Bolted Td Angle Ledger Plate Resting-On Wailers
. Iron_> Which Is In Turn Secured To x Below (This Option Leaves A
. Rim joist-With Lag Screws \ ' Wider Uninsulated Zone) -
. FIGURE 2.8b, Ledger plate attachrant options. - : L
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separated -from the wall vapo} ybu seal every crack visible a:long retrofitted, such as garages gnd

barrier by the existing structure

‘(top plate, ceiling joists, rafters,” very well vented. As a matter of

soffits, etc.). It takes a great deal
of effort to join the two vapor bar-

riers and in attics with low pitch provide optimum results.

roofs, it may be nearly impossible.

If you insulatg, the attic interior, - joists and cracks between the

you may install the vapor barrier
above the ceiling joists, but it is
difficult tg do so without tearing
tlle\pglyethylene ‘(Figure 2.6a). In

porches; 2) _adjoining structures,
that interfere with exterior work,
such as  sidewalks, stogps and
driveways; —3) utility hookups,
meters, hosebibg, etc.; and 4) deco-
It is very important to seal all ’ rative elements or exterior trim
around doors, windows, and eaves.
walls and the attic in an extétior These obstacles .can prevent the
retrofit. Wall cavities provide an simple wrapping of the existing
easy channel for warm air to es-’ exterior 'with a continuous vapor
cape from the house to the vented barrier ard insulation. None of

all'top plates and that the attic_be

cohvenience, this method is some-
times employed, but it may not

fact. in many houses with roof attic, thus reducing the effective-

trusges, it may be practically im-  ness of insulation.,
possible to install a -continuous*-’ P

them necessarily ‘cause problems,
but they need to be anticipated in
advance to permit an accurate esti-
mate of labor ‘and materials costs

vapor barrier in ‘the
Ahother option is to install the
vapor barrier under the ‘existing
ceiling and cover it 'with a new
ceiling finish (Figure 2.6b). This

attic, '

.Spem al Obstdcles " needed tb overcome them. \

Obstacles to an effective exterior '~ There is one other kind of physi-
retrofit are either institutional or cal obstacle that needs special at-
physical. Institutional obstacles in- tention: fireplace chimneys. Chim-

ceiling .vapor barrier must be clude either “setback” ordfnances. neys-constitute a critical part of the

sealed across the top plate to the
wall vapor barrier :1? sealed
across any interior parfitions that
meet the ceiling (see section on
. interior retrofits): This second ap-
proach requires substantial in-
terior construction, creating a
mess normally avoided with an

exterior retrofit. Finally, you can - by seeking a variance.

"insulate the attic without install-

ing a ceiling vapor barrier (Figure. grouped in several  categories: 1)
requires that adjoining spaces that will not be

2.6¢c). This, method

Pl Y 4 : >

that reguldte how close a wall may retrofit for two reasons: 1) they are
come to a property boundary, or 'usghlly built of masonry, making
building and zoning codes that themn excellent heat conductors and
specify the use of particular ex- a source of significant heat loss;
terior building materials. These in- and 2) operable fireplaces in air-
stitutional barriers to a major- tight houses canbe a major source
energy retrofit can usually be over- of infiltration and indoor air
come either through compliance or  pollution. . o .

_ . The best solution to this: problem
Physical obstacles - can be
Then the chimney. can be removed.

is to'make the fireplace inoperable, _

above tl%p roof line and the entire
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~masonry mass ¢an be more easily
insulated and sealed.

Window and Door Openings

Since exterior retrofit tech-
hiques are similar to conventional
framing, thoy yield @ conventional
rough window opening. How that
rough opening is finished is depend-
ent on three factors: 1) Will the
existing -doors and windows be re-
used or will they be replaced? 2) Is
the existing 'trimn worth saying? 3)
How will the new vnrioribarriér
and window sill be sealed to the ex-

»

)

L/

h

&K A.Vapor Barrier Laid-Over
1. Fiber Board And Ceiling

Y

)

e Joists, Permimetes . “isting window opening to achieve
;‘: lS.)e‘ialed “llllth Sgray . gfi;;is?moismr& and weathentight -
O olyurethaneg Foam :

;“* . y anq The condition of the existing win-

dows should determine "whether
} they are used or replaced. How
8 many layers of glazing do they
" have? Can they be made to fit
reasonably tight? Are the sash and
other window components sound
enough to merit keeping them? If
existing windows are used, the win- .« .
dow openings will be relatively
deép and exterior extender jambs
need to be installed; Storm win-
dows will probably be needed to
increase the R-value of existing

)

.8

%&. e R = = FRREEORE  windows. If new window units are
g B.Vapor Barrier Installed ¢ _installed, they can be mounted in
S Beneath Existing Ceiling, the other portion of the rough open- %
Q.g*& - Top Plates, Sealed With - ing. With new windows, interior *
> @ S : Ilvurethar «jamb extenders must be addfd to
N Spray Polyurethane s .

. e v : match existing * interior fidishes
;:-sl‘::g.- Foam - o (Figtre 27) “3

§ '.‘:‘: ﬁ g Deciding howto finish and trim

around the windows ig simply a
%% matter of taste. More important is

4 the seal between the vapor barrier _

¢ and the window opening (Figure
' 2.7). There are a variety of window
;. configurations that might be en-.
- countered in retrofitting an old
i house, but in all cases the impor
|- tant steps when finishing window
. op3nings are to: 1) stop infiltration .
: around the window unit;,2) design
the new #ill so that water drains

' vﬁgg Sl
AT

I g b By
L1l ] > ¥ "
'Ill'l,!':,i'l’l'ililll’l,l’l’l'l"’l"’l"_’"‘ll’l"’l'{ .f y A

it
Y

T a

"’:-Q b C.No Celling Vapor .away from the window opening; . .
L= CONen R Barrier, Top Rlates , ! and ) deal all exterior joints with + -
ol e rrier, 1C eS . R _ _
b :.a: , Sealed With Extruded - caulk to keép moisture and air out - -

ated . . . of the wall. A poor seal around the

- Polystyrene

_exterior window frames coupled

-
7

NS
g

) e . with the absence of a vapor barrier
\ W Wy ; , e dramatically reduced the effectives ~"
W W ’ ness of conservation work done.by

'~ a grantee in Nebraska. '
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INTERIOR | -
- RETROFIT

ONSIDERATIONS *

Compared to an exterior retrofit,
an interior retrofit will likely pre-
sent a much larger list of details or
obstacles that must be addressed
(Figure 2.8). If a typical gut rehab is
planped inside, then many potential
problems will be eliminated. With a
gut rehab, all the walls and ceilings
are stripped and often all nonstruc-
tural room pantitions are removed.
Since all new electrical and plumb-

.ing- systems and walls and® ceilin

finish material are installed, it wil
be somewhat easier to plan for new

.insulation and the vapor barrie? in-

stallation. However, if less than a
gut rehab is planned, then the exist-
ing interior finish, structural
system, wiring, plumbing, and fix-
tures must be cavefully analyzed.

After all the necessary interior
demolition is complete, an interior
retrofit is usually installed in four
basic steps (note how their order
differs from an exterior retrofit): 1)
the new interior framing is applied
around the perimeter of the house;
2) the insulation is installed; 3) the
vapor barrier is applied and sealed
at all joints and openings; and 4) thé
new interior finish is applied (Fig-
ure 2.9a and 2.9b).

The Interior Finish

Some wall finishes, such as wood
paneling, may be carefully removed
and reapplied later. When replac-
ing a wall finish, joints between old
finishes on interior partitions..and
new- finishes on perimeter walls;
ceilings and floors, could pPresent
problems. For example, it is more
difficult to join a néw sheetrock
wall to an old lath and plaster wall
than it is to integrate a new sheet-
rock wall into an existing sheetrock
wall. - ST

-

The Structural System .

A wood frame wall provides a
convenient cavity for insulation,
while solid mlasonry construction
doesn’t. Because of this, a masonry
building WMt require a larger in-
tetior wall cavity to achieve the

sdme insulative value as’ an” ex-
isting frame wall cavity. This factor

-

.can be especially critical in houses
with limited interior space for the
retrofit. '

s

The-Vapor Barrier

First consider the existing vapor
barrier. If there is one, it will

Ry
Y

/

‘almost certainly be in the wrong

place (that is, on the cold side of the

new wall) after the retrofit. Thero-”

fore, any existing vapor barrier
should be perforated with large
holes every 12 inches in both
horizontal and vertical djrections
to destroy its effectiveness. Vapor

Old Style Window
Left in Place = - -

New Style Windbw
Left in Place

Window Replaced
And Relocated In
New Rough Opening

FIGURE 2.7 Options for exterior retrofits around window openings.
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_ . / KEY TO INTERIOR RETROFIT WITH VAPOR BA\RRIER . '
. ~ , i DIRECTLY BEHIND SHEETROCK = -
. : - \‘eall vapor barrler - -
1. Existing shingles ) 18. New wall finish , - .
2. Existing roof decking 27 19.°2x2 stops to which tilt-up wall banels are sealed
‘ 3. Existing rafters {Refer to drawing of tilt-up 2x~} framing)._ " 7 P
- 4. Baffle to prevent loose fill imulatlon from blocking vent path "Y\~ 0. Existing floor and subjfloor =~ : . o T
5. Loose fill insulation - . . Existing fl loists a . /( § e
: 6. Existing celling joists .- A - . . Saw keif filled wlth spray polyureth foam to seal 'bet‘een C e L
. ~7. Existing.ceiling finish N ‘ﬂoor an%( o
) 8. Gelling vapot barrier ’ .o . 23 Rigld (e uded Iystyrene or fdM-faced isocyanurate) blocklng :
‘ 9. New celling flnish . -~ o _  sealed between Iolsts 4 ‘f )
10. Soffit vent - - ' : 24.01d celling cut back N,
1 1. Existing siding o v : r P T>cellng nailec -
- 1 12. Existing sheathing ' 26. New stud wall With tép blate?gahﬁst upper floor , S
I 13. Existing stud cavity filléd wlth insulation * 27. New floor
M Existing wall finish ) - 28°~Floor vapor barfier v .. o
) Cavity betwgen old wall ﬂnlsh and new studs wtth Insuman 29, ha\t Insulatlon between joists - . = ot
I PNew stud cavlty filled with Insulatlon . 130 C;awl space : ' o

FIGURE 2.9a Interior retrofit wlth vapor, barrier plueod dlmftly behind the sheetrock..
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: . KEY TO INTERIOR RETROFIT USING _____ '
’ : * ‘ TILT-UP 2x4 FRAMINC- L | s
\
. i (fixlstlng shingle L 17. Wall vapor barrlev L 4 :
. 2. Existing roo d{cking o e ee e e i ... 18. New wall finish - ) A ' )
3. Existing rafters 19. 2x2 stops to which tilt-up wall panels are sealed ' '
4. Baffle to prevdnt loose fill Insulatlon from blocking vent path 20. Existing floor and sub—fk{or .
5. Loose fill insulation A 24. Existing floor joists o
ﬁtf' Existing ceiling joists 22. Saw kerf filled with spray polyurethane foam_to seal between N
. xisting ceiling fipish ° . floor and sub-floor '
¢ lling vapor barrier ‘ : _ . 23. Rigid (extruled polystyrene or foil- faced isocyanurate) blocking w&
9. New ceiling finish ' - ) sealed between joists’ . : / , :
\, 10. Soffit vent : <! Vi 24, Old celling clit back . / .
. | 11. Existing siding ) . ~ % 25.2x2 ciling nailer -
12. Existing sheathing : . 26. New stud wall with'§op plate against upper floor T
13. Existing stu cavity filled with insulatlon 27. New ﬂoor S _ » S
14. Existing wall finish hY 28, Flogt vapor barrier . : . \
15. Cavity bptween P'd wall finish and new studs with insulation .29, Battinsulation between joists . X
16. New stud cavity' filled with Insulation . . 30. fCrawl space o
— [
FIGURE 2.8b Interior retrofit using tilt-up’ 2 ﬁ:;inch fmming Vapor;barrier behind new studs is sealed fo netghbormg ' Sina Ly
panels (sides) and to 2. 2-inch stops (top and tfom) 9 ) . o
wn - | ) L




barriers include both polyethylene perimeter walls can Jimit the depth  should notbe a problem since they
film and “accidental” vapor bar- of an added wall cyyity. There are will probably be replaced anyway,
riers, such as many layers of oil- three possible optiw However, with a partial rehab,
base paint. If a cold side vapor bar- signer whdn obstacles Itinit-irtferior both must be closely examined to
rier is pot effectively destroyed, _space: 1) accept the loss of space eliminate problems. Freezing pipes

there is a strong ‘likélihood that for added insulation; 2) accept a may bea problem if original plumb-
water vagor will condense against ~lower R-ualub; or 3) accept the cost ing is left outside the new insula-

it, leading to degradation of the in- - of more expensive insulation mate- tion. Also, plumbing fixtures may

sulation and eventually to rot with- rials that provide a higher R-value/ - have to he relocated to make room

in the wall structure. * -inch (rigid insulation‘panels). ~ ~ for new insulation and hmt may be
N Ipstalling a new vapor barrier on Other obstacles like cupboards costly. i .

- the house interior creates problems ~and counters can be removed and - Qld electrical wir'ing presents a
wherever the perimeter walls afe reinstalled or replaced in order to different kind of probleim. Ofriginal .
interrupted by the’ceiling, floor or attach ‘the vapor barrier behind  electrical systems ard often - not
interior partitions. The accompany- them; howevdr, stairs are much sized to accommodatd modern elec-
ing illustration shows one tech- more difficult -and expensive to trical needs. The old “knob and

" nique of installing the wapor bar- work around. Ideally, .the stairs tube” wiring, common before 1930,
rier around existing partitions and would be removed while the insu- is generally safe as installed, but
joists in typical situations (Figure lation and vapor barrier are fitted - when it is improperly spliced, it can
210" o 310{“8 the iWﬂ" (lFigl:ﬂm 2-113)-' Tli!is, overheat ‘(Figure. 2.12). This heat is .

. technique is costly unless the stairs ysually relegged without a problem
Special Obstacles " need replacement anyway. A more in an uninsulasegfy wall cavity. But
A major obstacle to an interior realistic alternative is to leave the once the wire js Surrounded by in-
retrofit can be space limitations.- stairs in place and seal the vapor sulation, the temperature of the
Sometimes this obstacle is institu- lgarriér to the stairs. While the task wire may teach the kindling tem-
tional. HUD Minimum Property Of sealing the vapdr barrier to perature of surrounding materials
Standards specify minimum room every, tread and riser will be time anda fire is possible. This problem
widths and ceiling heights. Other consuming, this technique will be is aggravated in modern house; .
- times, the obsjagles are practical. less expensive than rebuilding the holds that overload the old cirgaits

4

’ <

For example, a 12-foot wide dining stairs. ° ~ with too many-appliances. o
N room may feel adequate, while an Wiring and Plumbing "All wiring must be closely ex- .*
\ : : , 8
11foot dining room feels cramped.  As mentiéned, if a gut rehab is amined and inspected by local elec-
Stairs and corridors adjacent .to planned, the plumbing and wiring trical inspectors, prior to a retrofit,
. . - . }
‘v . ) - . M- .
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Install Horlzontal 2x4 Blocking At 24 Inches O.C.
‘Nall New Stud To Blocking
Cut Lath And Plaster Back To First Stud

..',..

24/
A\ Y 2

Vapor Barrler Sealed To Studs An
N Blocking With Continuous Bead
Acoustical Sealant

¥t Inch Sheetrock Frieze
Applled Over Opening

Orfginal Lath And Plaster

%Y

SAA

Extruded Polystyrene Blocking Vapor Barrler Runs Continuously Past Partition

Fitted And Sealed Between Studs

( 'A A'A'b'b'b"m"’l'l" '

Cut B%ck \ <
’ N : f
Nailer — , 3 .4
, Location Of Old Partition
ol ! End tud AR
- . . . ) ) | ) - x
. v : ’ : 2x4 Horizontal Blocking At
. - Install Blocking Same ove Baseboard And 24 Inches O.C.
As With Céling -— . Clt Back Lath And Plaster .
T As Necessary -
D vapor Barrier Sealed ) -
To Blocking ———— - Re-nstall g)rlmnal
: r

o SRR  New Interior Wall Framing - | /5
‘ i "’? 2x4 Studs At 24 Inches O.C.- .
; 3 v .q v ‘ -
y 4 “‘ gi f". L First Stud To Which

. ¥partitlon Plaster Is Cut
Back L

-

' hqyn; 2.10 Details showing how vapor biirripr is installed to bridge partitions. - _ \
I - . . ¥ . .
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FIGURE 2.11 Installation of vapor barrier at stairway. (Un&ersidé view of gtqfi'wdy -is,?i;nqwh )

particularly if you plan to leave ex-  électrical boxes in'the whlls grenot cable TV or extension phones),
isting wiring in place. Even rela- long enough to reach the new boxes avoid puncturing the vapor barrier
tively new wiring in the oufside: .after the walls have been retro- with electrical switches, fixtures,
walls may“have to be replaced if ~ fitted. Also, when planning the in- and outlets whenever possible. Ob-
the eMra lengths .of -wire left in stallation of new wiring (such as for  viously, there will have to be at




S
F |
’ :
q i
! ) /.‘.-
’ LY
L 3 V b Y .
Existing Wall _ Problems With Openings S
- Occur At These -lec%s
; R TR R AT T
% Cihl
¥ i\\’;
\ r———
- % Interior
Partition
’ ! R




- the Hhireplace sh

h the vnpor*barrior
Plan all of the wiring ahead of time
so that all possible penetrations

can be confined to one location”

which can then be easily sealed.
Furthermore, the housa should be
pre-wired for telephone and cable
TV. so
through a planned and sealed pene-
tration: ‘You don’t want ta build an
airtight house .only to - have, the

Ehone installer come and - poke_

oles in it. -
’ N
Fireplaces

A fireplace along a periméter or

outside wall can cause more prob-
lems in an interior retrofit than in
an exterior retrofit. Since a fire:
place ‘might be a major design ele-
ment, ‘the owner may be reluctant
to cover and insulate this part of
the wall. But in order to achieve a

Id be ipsulated

, lherTally eﬁ‘lcier(}.interior retrofit,

and sealed off and made ipoperable
to prevent infiltration and loss of

+ heat through an open flue. One pos-
#mfe solution to this problem is an

* Doors®

xterior retrofitg of the fireplace

and chimney mass. Keep in mind.

that operating a fireplace in a tight-
ly séaled house can cregte indoor

air pollution problems, presenting
another reason_for making the fire- -

place gr wopd stove moperable

d Windows

Occasnonally a door or window
opening will be -so. close to the.
corner of an adjoining wall- that
adding an interior -wall would
significantly narrow| the width of
the existing door or window (Flgure
2.13). This situation forces the
désigner to limit the thickness of
the new wall and insulation or to
use high-R rigid insulation to
achieve a higher insulation level

" vith less loss of space. The same
- problem occurs with opgnings in in-
.terior panitionsw::arsect the

perimeter wall..

Finighing door and window open-

ings is more difficult when the
walls are insulated with rigid
panels. Because rigid insulation is -

“applied without framing, there is no

surface on which to attach the
jamb extenders or window trim.

- Therefore, either framing must

added around doors and windows"

. or more complicated jamb extend-

ars must be-assembled (Flgure 2.14,

fhose services can run-

2.15 and 2.16). If no vapor barrier

film is being installed, as is the case °

with the polyurethane/sheetrock

laminate, all joints between sills,

jamb extenders, trim and neighbor-
ing panels must be wall cau?ed

OTHER
IMPORTANT

'CONSIDERATIONS .

IN A MAJOR =~
'ENERGY RETRQFIT

. There are several other factors
that should not be forgotten” when
planning a retrofit. These do not in-
“fluence the. choice of different
strategies but- are edually _impor-
fant to the overall; success of the
project._Some factors dpply specifi-
cally to a superinsulation retmﬁt

Interior Combustion Devices

Combustion devices ought to be
avoided in an airtight house. That
means all gas or oil stoves, water
heaters, furnaces, and boilers

should either be replaced by elec- -

trical devices or, - following the ad-
vice of an Ohio grantee, separated
from the living space by an airtight

- enclosure vented to the outside. -

This "also means that the occupants
of a superinsulated house should
fivoid the use of fireplaces or wood
stoves because of possible indoor
air quality problems. For more in- _
formatioy, se¢ the DOE publication_
entitled’ “Introducing Supplemental”
Combustion Air to Gas-Fired Home .
Appliances,” available from your
state energy office, the National
Center for Appropriate Technology
and U.S. Government Printing Of-
fice bookstores. - C

Airto-Air Heat Ethangers

An airtight house needs a mech-

anical means of exhausting stale in-
door air and of supplying fresh air.
~Airto-air  heat exchangers are de-
signed to do Iust that vlﬁnile retlaim-

ing the heat in'the exhaust air. The

complete retrofit strategy must in-
clide a vgntilation system to ensure
a regular exchange of air. The in-
stalled airto-air heat . exchanger
ought to be equipped with a defrost” -

" Houses,”
. energy office, the National Center

- cepted attic vent sizing for

cycle and a ranga of contmls that
can - effectively serve - the entire
house. For more information on this
subject, see the DOE publication
entitled “Heat Recovery-Ventila-
.tion Systems for Energy‘Efﬂcmnt
available from your state

L 4

for Appropriate Technology or
U.S. Governiment Prlnting Office
bookstores

) . -
Attic Vénting

Whether an interfor or an ex-
terior retrofit .is planned, proper
rodf venting needs to be designed.
Even if a vapor barrier has been in-
stalled to keep interior moisture out
of the attic space. there is a possi-
blllty of mglsture from ' outside

rces (humid. air, roof leaks,'_ '
wmg snow) occurring in the at-™

~ t1c or under the roof deck. If the air
- underpeath ‘the roof reaches the._

dew point,-condensation.can occur,

causing potential moisture prob:

" lems within the styucture. For more
informatign, see the DOE publica; -
tion, “Moisture and Home- Energy
Conservation: How to Detect, Solve

and Avoid RQ ated Problems, z k2

available from your state ‘energy of-

fice," the National Center for Appro-

g—mte Technblogy onU.S, Govern- -
ent Printing Office bopkstores,

If the insulation is installed
above the ceiling; as many grantees
did, vontilate the attic space with a
‘combination " of  soffit,” gable end,
_ ridge and roof vents. Use the. ac-
your
particular climate. If the insulation
is installed under the roof deck, be
certain that a minimum of one inch
of air space is maintained between
.the roof decking apd the insulation.

~This air space needs to be vented. -j .
' Proper venting prevents.condensa-

‘tion and prolongs the life of the
roofing by keeping lt cool in the
summer. _

,_ -Cuttmg Back Pamtlonsteihngs\

- Most retroﬁt manuals recom-
inend carefully- cutting back the -

finish surface on partitions and

cellings so that the vapor barrier
~ “for ‘an interior retrofi} can be in-
stalled. This tedious qutting and re-
installating of finish -material is
very timeconsuming and costly. -
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, Extender Jamb™ _
" Fraiming Unit : - 2x4 Studs At
- . - (See Detall Below) - 24 Inches O.C. -

and applying ai new finish mate- :

rials. Often the latter approach will

-. _I_.'it'tlo" spécific attention is paid to

Windows =

mended -in- most climates. An II-

linois grantee recommenids quadru-

y N ] - g
. & i
¢ B N ii B
§ ‘ "‘
- g ; : T
: i : -
T . ) Typk:al Wﬁll . l;‘ f‘: . . 5 .
_ At 8 Ft. High ( i 3 o - 4 )
: . ) . . 3 b 2 e
- . 3 - S i
, B 0k - \
. ’ ’ A & . - 4
» ¥ & - N . Iy :.E ’ .:.
v \1 [] '( ~ i R
e -1 %‘ _ % ; \’:\)4 :} 4 \) .
: ’ : \— Maintain Stripit Nallers - o B
' _ On 24 Inch Centers For - L
i . s o Easy Installation Of | ? R
. Lo ' . Sheetrock T P - . i
,- . \ C .
' : ~, 3 B
| we— ; | . ) .
J ) ’ «
' Jamb Extender Wall Vapor Barrier
- / Sealed To Pre- . i
o thln._ﬁning Installe(:: lVapor . . g
Ba"ler ap w'-nu R ,’\ Y
Pre-insuajed lmvwm “\‘M” \ Exising,  + %
Vapor er’ _ v DR ATV Cas'“g ‘a \“v
. Using A Double- . 3 . : w
Back Fold At * New Sheetrock % Inch Reveal Allows ~f
. .Corners — New Ot Existing . ' Easier Accuracy '
’ ° Case Trim i (Apply Sedlant At .
. This Point) . e
'Pre-Assembled . ' L
Framing Unit: : P
2x3 Framing . -
i Pre-Installed Vapor 1 <
Barrier Flap .
’ . . &
oo | Jamb Extender
L4 - oo g . ’ o . . ) W -
Pre—Assembled Extender lamb Unit With Vapor .
: Barrier In Place R
FIGURE 2.14 Extra fl%ming is mqulred amund window openmgs wh@n rigld msuldtion is used '
7 _ e -
. One should carefully _the'cost .cost less and will p: gduce a more windows in this hahdbook. but they .
< of cuttingback against the cost of satisfactory result. » should not be ignored in any energy -
. stripping entire walls and ceilings,” . = . * retrofit. Triple glazing is recom- - -
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ple gla;iné
The existi

be analy'wg
strate
through windows. How many lay-
ers of glazing are currently in

in very cold climates.
window system must
to arrive at the best

“place?. Are the materials of which

the windows/are.built sound or rea-

‘sonably repairable? Are the win- -
be made -

dows airtight or can t
airtight with moderate " effort? Are
the windows on the east, west and
north sides of the house properly
sized with respect -to heat gain,
heat loss, daylighting and ventila-
tion requirements, view, ahd archi-
tectural style? .
There are severql options for im-
proving the energy efficiency of
windows that were explored by
DOE grantees. They can be re-

paired and supplemental layers of*

glazing installed as needed. They
can be replaced with a new win-

" dow system. Unnecessary: openings’

can be covered, filled with insula-
tion, and finished in #*manner ap-

propriate to the style and m Is .

- of the house. Movable infulation

can be added; however, it is gener-
ally quite expensive. For more in-
formation on this subject, see the
DOE publication, “Window Insula-
tion: How to Sort Out the Options,”
available fronr your state energy of-
fice, the National Center for Appro-

- priate Technology or U.S. Govern-

ment Printing Office bookstores.

Doors should also be upéﬁded.
Foam-core dogrs are available with

" higher Revalues. Good _weather-

stripping is also essential to reduce’

-. infiltration around doors. An gir

lock entry will reduce heat loss and
could be added if the existing house

. plan can aé¢commodate this feature

Lo at a reasonable cost. However, the

-

benefits generally do not merit the
construction of a completely new
space for the air-lock entry.

op/ reducing heat loss

. R h
‘ N
) . ’ .
2
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¥ ] %

Using Either Scheme And Either Praduct. All Joints Between Sheets Are Sealed
And All Wall Surfaces And Case Trim Is Painted With Vapor Barrier Paint.

Insulwall or Thermawall

Case Trim Glued To Sheetrock, Nailed And Sealed
To The Jamb Extender

. Jamb Extender Secured With Counter-Sunk
: Woodscrew

Sealed Joint

. Existing Caélng ’

insulwal or Thermawall

Case Trim Glued To Sheetrock. Nailed And Sealed
To The Jamb Extender ¥

" Existing Casing :

~

Sealed Jdints

FIGURE 2.18_Jamb extenders need to be séaled when using rigid insulation.

-

-
Sheetrock With
Corner Bead

uarter Round

“

v

- -Varor Barrier Installed Using A Double-Back
Fold And Sealed To Existing Casing

% IXx7% In. Wood Jamb ~ Sheetrock Surround

Exfefider And Trim And Corner Bead.
FIGURE 2.18 Options for finishing window,openings when using a new 7-inch frame
and fiberglass retrofit stmtekyw\ . :

R

. .
. L [
- .

Pre-Assembled "L"* Shaped Jamb Extender. N;_a'iled To .-

&%
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By this. stage ‘in the planning
process, you should have answers
.40 the following three questions:

1. Is your house suited for a ma-
jor energy retrofit?

2. witt—the retrofit work occur
on the inside or outside of the
house? .

3. What special problems do-you
face in retrofitting your par-
ticular house? -

" Once these questions have been

- answered, the next step is to deter-

mine whi particular retrofit
_strategy -best fits your needs -and
pocketbook. Before you' cdn make
this decision, you need to answer
one very important question: How
much insulation is necessary in

your climate to achieve the desired .

reduction in infiltrative and con-
ductive heat losses? Optimum in-
sulation levels for a particular
climate can be obtaine_t%b
performing heat loss calculations
for your building envelope and then

making these same calculations

assufning the addition of insulation
and®a vapor, r. Start at a
superinsulated R-value and work
down until you arrive at an annual
heating load that is acceptable. The
amount of insulation you add will
vary with the severity of your
climate.and your retrofit budget.

Generally accepted superipsula-
tion standards for houses in \areas
with 7,000-9,000 ‘degree days at to-

" day’'s fuel prices are as follqws:

R-20 under the floor, R-25 in \the
walls below grade, R—40 in the
walls above grade, and -R-60 in the’
attic. Houses in the 5,000-7,
degree day zone need less insul
tion and houses in the above 8,
degree day zone require more insu-

lation to meet superinsulation-

standards (Figure 3.1).

For climate zones with less than
.5,000 heating degree days, the pic-
ture is'more complex because ener-
gy -costs are more evenly -divided
between heating and cooling (in the

doep South, energy costs are dom-

]

26

| lnat§d -by coolihg]. Vapor barrier

placement becomes tricky in south-
ern climates as more insulation -is
added. Standard practice dictates
that the vapor barrier should
always be on the warm side of the
wall to prevent moisture problems.

~ In the South, the warm side is on

the inside surface during winter
‘and on the outside in the summer if
the house is cooled. This .is not a
problem in the arid Southwest, but
*in the hot, humid Southeast con-
densation problems could occur in
air-conditionéd houses with .an im-
properly located vapor barrier. The
problem may also occur in some

* Mid-Atlantic states and in the

lower Midwest. The strategies in
this handbook are designed for only

northern tier states where conden-

sation problems in walls derive
mainly from moisture moving from

first - the inside,out. Houses in the South-

east can be made more energy effi-

cient, but the techniques to accom-

plish this are different from those
described here.

This chapter presents and com-
pares a wide range of retrofit op-
tions for walls, attics apd below-
grade areas to help designers and
owner-builders choose and develop

an ideal strategy within budget
. constraints.\ The major emphasis

here is on wall strategies since that
part of the building is easiest to
compare by cobt and by potential
advantages and disadvantages.
The disgussion on wall strategies is
divided between exterior and in-
terior walls, with masonry and
wood frame walls examined sepa-
rately because construction tech-
niques and materials differ for the
two structural types. T

" The wall strategy chosen must be

cludes floors, cellings, windows,
_\door - openings, = partitions, and
integrated into the final retrofit
strategy to make the project a
. suCCess.

part of a larger strategy that in-.

tairs. All these elements must be -

Each of the wall, attic and floor
sections referred. to in this chapter
are described in detail in a series of
tables in Appendix A. The tables in-
clude detailed materials lists, cal-
culations of composite R-values and

construction costs, and a cost/R/

square foot ($/R-$q.ft.) qure Jor
each strategy. Formulas™ are in-
cluded to help you make similar cal-
culations for any wall, roof and
floor you might consider. °

For your reference in reviewing
the schematics™ presented in

Chapter 3, Figures 3.2 and 3.3 pre-...
sent eight representative wall sec--. -

tions that depict the various build-
ing materials used in reprofit and
describe the graphic s
to illustrate thele materials.

EXTERIOR WALL
RETROFITS

A variety of exterior wall retrofit |

strategies are pregented here; some

are for a masonsy structure, others -

are designed for a wood frame
building. They all vary in the con-
figuration and type of materials
used, the $/R-sq.ft, and the result-

ing thermal (ihal'acterist_ics of the -

new wall. The following discussion
is intended to illustrate the dif-
ferences and help you weigh the at-

tributes of various insulation prod-
sinstallation techniques iff

choosing™the, strategy most appro-
priate for your particular house.

Masonry

The masonyy wall does not have
a cavity to fill with insulation and it
is relatively difficult to attach fram:

ing to it. The primary decision
when working on a masonry wall is -
whether to construct an insulated

frame wall over the masonry wall
or apply rigid insulation directly to
it. Cost is the most important differ

ence between these two tech- =~ -
nigues. Many rigid insulation prod- ¢

bols used
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FiGurx 3.1 Gen tion feivéls‘fot_'qub_ér!nnﬂation obn,st?uqtion.-

ucts are applied with adheaivé,
reinforcement and a ‘stuccolike

finish, eliminating some of the cost-
y labor connected with-applying a

nished surface to .an insulated

frame wall. These? products are

¥
> AR

5 H

'. senémlly;airnilablé 1 a variety -of

thicknesses ranging from 1 to 8 :

inches. Although labor costs for
- building either a curtain wall or at-
tachir 'am;:ﬁing stemn are gen-

igher than gluing rigid &

em,!ly ‘

L.

sulgsfon to the wall, the total cost of
the latter is usually higher because
of the high materials cost.. _
~ Rigid  insulation does,  however,
have certain important gdvantagés
over fiberglass insulation. It doesn’t

y




lose R-value in high winds; fiber-
glass does. (the effective R-value -of -
fiberglass, decreaseq as wind
passes ‘through gaps in the siding _
unless an infiltration barrier, but
not . & h{)r barrier, is used
tween the“-siding and the insule-
tion). Also, replicating existing
masonry fedtures—corbelling or -
arched openings—{s poasible usihg
polystyrene’ that is bov?p_t‘# with a

8 o~ T

stucco-like fii
back to this -
only be applied to.sound, ynpainted -
masonry or stucco. If the masonry
is crumbly or the surface is uneven
or painted, the wall must first be

" covered with waterproof sheetrock.

. The two :walls shown -demon-
strate the cost advantage gained by .
increasing the thickness of rigid in-
sulation (Figure 3.4). A 4-inch.appli-
A -

. ‘ .

e e

\ " &! . ".Il : \ 4
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EXTERIOR WALL INSULATION RETROFIT OPTIONS
. E.M. : Exterior Retrofit Of Masonry Walls .
E.F. : Exterior Retrofit Of Frame Wall o "
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FIGURE 3.2 Exterior wall insulotion retrofit options, These four exterior wall sections show representativg insulation oo
materials and framing techniques used in the following discussion. These same architectural materials symbols appear o &
throughout the text. . _ : ’ : ' 4 IR
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cation of the insulation in EM.1"
yields an R-19 wall at $.34/R-sq.ft,,
while an 8inch wall in EM.2 yields
an R-35 wall at a cost of only
$.20/R-sq.t. The cost.of materials -
increases, while the cost of labor
remains about the same. . -

Two strapping systems of differ- = .54
ent depths ar¥ also lustrated (Fig- - %
ure 3.5). EM4 has three layers of - %
2x 4 framing filled with fiberglass, * = %

e p ] . ° . . -
. - . EEEN
>




/ bringing it to R-34 at a cost of only

$.18/R-sq.R. The two curtain walls
shown are of the same depths as -

the two strapping walls but are less |

expensive beceuse of both . labor

and materials savings (Figure 3.6). .

The curtain wall strategy in EM.6

provides an R--35 wall at a cost of

gnly $.16/R-sq.ft. Remember,

though, that strapping may be

easier to install l')

builder. _
All of these masonry wall retrofit

‘examples include a stucco or .

stucco-like finish, Bear in mind that
virtually-any kind of finish is possi-
ble on these retrofits, depending on

owner gmfemnce and pocketbook. |

Even a brickVeneer is possible, pro-

vided that the new framing - is . |
strong enough"gto support such a- "
finish.

Wood Frame

. - Wood frame ‘walls' may ‘he easl,er_j-' S
to retrofit because the new framing -

can be nailed or screwed directly
into the existing wood frame. The

. existing cavity may be blown full of "}
cellulose or other loose fill insula-

tion without having to patch any of
the holes since they will be covered
by the new wall. Therefore, enough

holes can be drilled to make certain :

that every cavify is completely
filled.
If the existing cavity is insulated .

like EF.1, then the curtain wall -

need only be 7 inches in depth toa |
achieve a high-R wall of R-38 at a
cost of $.13/R-sq.ft. (Figure 3.7). A"
similar R-value could be achieved
at a slighfly lower cast by building
an 11-inch curtain wall ‘and leaving
the existihg cavity unfilled (E.F.2).
Howevek, the added wall thickness
may put-the outside wall too close
to an existing property line. It may -
also make the window openings ap-
pear too deep if thﬁ exiaﬁng win—
dows are u

The Lhrsen truss systom also

leaves a large cavity for fiberglass

insulation. The two Larsen truss
walls shown (E.F.3 and 4) don't dif-
fer much in either cost or R-value
whether the existing cavity is ﬁlled
or left empty (Figure 3.8.). -

E.F.5 reaches R-26 at a cost of ..

added :to the outside
.costs are fixed npgardless of depth'
of the retrofit - re 3.9). ‘Once

$.17/R-sq.ft., demonstrating -that a
large share of the curtain wall

those fixed costs are lncurmd in 4.

or the owmer

INTERIOR WALL INSULATION RETROFIT OPT]ONS

- 1M ; Interjor Retrofit Of Masonry Walls -
L.F. : Interior Retrofit Of Frame Walls
/

e T TR . !
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_Masonry : e

Wall -,

Existing Wood
Frame Wall

. Cavity Filled
With Blown
Cellulose —

: Polyurethane/
;‘K} Sheetrock

" $500.00 'lbr 1,000 square foet ‘of ' tain fra

Laminate
" Insplation e - -
Bgard ' _
/
Fléunl 3.9 Interior wull insulation mtmﬂt options. These
four interior wall sections show representative {nsulation B A
'materials and framing techniques used in the f0owing
disoussion. These same architecturakmaterials symbols ap-
pear thmughout the text. - . e
‘ - . T i
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"major retrofit, you should seriously useful mr exterlor retroﬂts whene _
_consider adding the extra depth space limitations are a factor. You

necessary to bring the retrofit up to * might want to usa it to'insulate the
superinsulation . levels for cold “wall n the house and the ga-

v

_climates." Addlng the fiberglass in- “rage, f%you c‘an’t sacrifice garage
' sulation_ to raise the Rvalue from space, = |

26 to 37 .would cost less than =  Under mon cltcumatancea

wall retrofit, ' - “ 7, 2x4 framing or the Larsen truss) is .
For comparison, 2 ches of poly-~ thelmost cost-effective exterior ret-
n i his type of fmming
“in is ‘generslly atra_'f,,tforwald al-

auperin- _ thaghyjoints b

""_:.}mnldns “an.R-34

! 39}. ngli'l lmmlatlon iu compllcate the iol‘l'heae ]olnts be-

Qe
X
'

ed ‘wall ‘at about $.14IR-aqh .and Ofer parts of ¢ ebt?lldlng can

......
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Masonry wall, 3" exterior-
finished polystyrene .
R-19 .

$.34/R/sq.ft. ‘

Fig. 3.4 ' . .
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E.M. 3.

‘Masonry wall, 7" R

strapping »
R-25 "
$.22/R/sq.ft.
Fig. 3.8 '
J

Masonry wall, 8" exterior-:
- finished polystyrene
-R-3% v
S. 20/R7sq .
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Masonry wall, lO'/z

strapping |
~ R34

$.18/R/sq.ft.

i -
tween wall and attic/ceiling/roof

and . the penmeterlbasementlcrawl

space need to be tightly sealed [see
Chapter 2).

INTE'RIOR WALL

‘ RETROFITS ]

Generally, these interior retrofit
options cost less than’the exterior:
retrofits as measured xb ‘$/R-sq.ft.
That is because the cost of labor -

gnd materials for sheetrock is .-

‘much less than for exteriQr siding.

.However, this cost comparison can-

not account for,problems caused b {
obstacles. Exterlor retrofit is usual-
ly relatively free of obstacles, while |

interio? floors, ceilings, partitions,

stairs. and cupboards will probably
‘present problenis when~ installing

the ‘vapor bairier “and - insulation, -

" The one exception to this rule‘is the'™

~ gut rehab in which all inte;lor

In .’.
‘may De .
barrier,

partitiona ‘are. temoved.
.case, each leyel pr floor.
,wrapppd in‘its own vapor

“making Elpb_or costs’' com rable to
- those of:an axterior retm_ -

" Space rather than cost is often a *

(LM.2) due to the ‘reduced labor .

“to achievé an R-value co

deciding factor in choosing the
most appropriate strate
cheapest and easiest methdd of
achievipg a high R-wall is usually to
frame an additional wall cavity and
fill it with fiberglass.
where interior space.is at a pre-

" miuim and a high R-value wall is the

objective, the techniques using

rigid insulation panels are more -

appropriate.

.~

Masonry,

¢

Sinca the masonry wall does not
provide a wall .cavity to fill with in-
sulation, it “generally requires a
greater gacrifice of interior-space
rable .
to a wood frame wall. The alterna-
tive is to usé a more éxpensive high- -
R rigid insulation.

The high-R polyurethane/insula-

. ‘tion laminate® panels ‘save space . - -
f  and reduce labor costs because the

ingsulation -and wall finish- are in-
stalled in one step. However, every
joint between - panel edges and -~

‘other pagpls, openings, floor, ceil-

ing, etc. must be caulked indow
trim antl baseboards a tto
nail to the new wall &B rigid insula-
tion since there is§ no framirg.

*Another ‘di:’.advar\’l ge is that there
“is no cavity for t

wiring.

“Installation of the polyurethanel .
sheetrock lamimate (I.M:1) is cheqp— '
- ig0°

er than installing foil-fa
cyanurate foam and .3 jetrock

. costs of the ohestep mstallatxon

(Figure 3.10}.

The third rigjd insulation %ystem
shown (polystyrene panels, 1.M.3)
compares favorably in price to a

frame ' wall -with fiberglass, al-- .

though that :price doesn’t include'
the extra coft of framing & Tiail

surface to attach window jemb ex~
tenders and trim (F
also_that polystyrenq is-thicker per.

R than polyurethane and isocyanu-

-rate fbam. o ady
three walf@ shown in Figure
33 -e &oy stahdard framing tech-

either M4 or LM.5 take -
ad\rantage of the ‘cavity that rela-

tivel high kost framing can pro- .

vide. ln contrast, . M.6%creatos an

“124nch cavity and takes advantage -
of the relatively low cost of fﬁbet»
nlass insulation IM8’ yleldﬁ an:

However, *

e plumbing and.;
7"&3

3.10). Note ’.;

The

ﬁ .

‘ ’
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Masonry wall, 7 - : - Masonry wall, 11"
curtain wall ' - curtain wall -
R-25 ° . , R-35
$.2 1/R/sq.ft. o . $.16/R/sq.ft. .
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Frame wall, 7'’ curtain

wall, filled existing cavity wall, unfilled cavity

Frame wall, 11" curtain,

R-3§ o R-37
$.13/R/sq.ft. $.12/R/sq.ft.
Fig. 3.7 ‘\ w '
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R-38 wall {superinsulation level in insulation material and the amount
cold climates) at:a cost of only applied. R _
$.10/Rsq.ft. This strategy does,  Walls LF.1-3 all use rigid insula-
however, forfeit more interior tion; they vary in insulation thick-
space. '- ness,” application technique - and
o : T co:it_(Figu;e 3.12.)._,.{111(} -advanta%:s
.- -and "disadvantages of LF.1, the

Wood Frame polyurethaneishegirock Iaminate,

. Phere are two basic systems ap- remain the same: low labor costs,
plied to an interior wood frame prohlems with vapor barrier instal-
retrofit—rigid insulation and, @ ~lation and high materials cost. All
framed wall filled with fiberglass, - three alternatives "are appropriate
There are, however, numerous var-. for cool climates {5,000 to 7,000 de-
iations depending upon the ”sgeciﬂc_ “greedays). . .

> -

N

Doy - o R . ' £ n
S PN . T 3'4 I M
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| | 3 L
— e e Wall" LF4 employs frame and

fiberglass~ to achieve . similar
R-values to 1.F.1-3 but at a higher
- cost because of the labor involved
in framing (Figure 3.132. By adding
only 2 inches of rigid foam insula-

days) at’ & cost equivalent to a
frame arid fiberglass wall.

of framing and fiberglass batt in-
stallation (Figure 3.14). The largest
single cost of these walls is the
labor for framing. Superinsulation
levels for cold climates are reached
in Walls LF.6-10,for an’averajje of
$.10/R-sq.ft., a little less than the

rigid insulationstrategies. S

The R-51 wall i LE.7 forfeits

" considerable space and this much

insulation is probably not currently

 necessary in thé continental United . .
. States. (Parts of Canada and Alss-— - .

ka may benefit from this R-value
-and rising fuel costs could make it
cost effective in'other parts qf the
northern tier of the United States.)
The primary difference among
I.F.8-10 is the size of the new wall

cavity and the use of the existing .

wall cavity (Figure 3.14). The
strategy for L.F.7 avoids the cost of
cutting into the. existing cavity to
blow in insulaton and builds a new
11-inch wall cavity, sacrificing
usablq interior space. -

LF9 is similar to LF.6 ‘except

that all the fiberglass insulation is ™ '

installed in one step using
7-1/2:inch batts, leaving an unin-
sulated .cavity ‘behind each “new.
stud. It"is important to fill all parts
of a wall cavity to eliminate convec-

tion loops through unfilled cavities ‘

that increase heat loss. In 1.F.5 the
batts are installed in two ‘steps:

3-1/2-inch 'batts installed hoﬂ?t(li-'. '
n

tally between the existing wall
the new .studs, and then 3-1/2-inch
batts installed - vertically between
the new studs.. Note that 'even
though the labor for insulating LF.9
is lower, -the total R-valueof the
wall is lower and the“$/Rsq.ft. is
With LF.10, the existing .wall
finish is removed and the cavity is

filled with fiberglass insulation -
rior to the construction of the new

“framing. If an ‘interlor retrofit is =

planned with a minimum of interior -

s

“ demolition, ‘or if the existing in-

tion to LF4, you can %chieve a -
superinsulated wall for cold :
" climates (7,000 " to 9,000 d 3

Walls LF,5-10 employ some form .

v
¥

[} o
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- successful. More insulatign should -

:erioé ;lvalla pose a d@nll)(l)gtionhprq,b |
em, then it s t0o blow the @x-
7, isting cavity m{of cellulose (1.F®).

But, if a gut rehab is_planned, it

would pay to strige.thespdrimetof
walls and install fiberglass as illus-
trated in I.F.10. :

While the frame and batt walls

. (LF.8-10) generally * provide "a
- greater R-value at a' lower “price,
there is a .rigid insulation which.
provides comparable thérmal bene-
fits at @ similar price. '
Wall 1.FA1 is.comprised of 3
inches of polyurethane laminate
and ap existing cavity filled, with
~cellulose It uses very little space,
. yet reaches R-40 at a gost "¥f only,
- $.07/R-sq.ft. (Figure 3.15). "~
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E.F.5.

Frame wall, 7'' curtain
wall, unfilled cavity
R-26

$.17[R/sq.ft.

Fig.3.9
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ATTIC/CEILING/
'ROOF RETROFIT ',

Since heat passes up thmugh_"th,fg
top of the building' more readily

R

and ceiling must also be carefully -
considered if the Nllﬂf:;istobe*

than oyt thmushthwalh.ihef

32

. i} " ) . L l . . E '.. :
be installed in the attic or roof than ( attic -.space 'is easily filled with -

in the walls.: Since warm air rises

- and may leak out the top of ‘the
" house, it is critical to make the joint

between the ceiling or wgof and the
walls as airtight as possible.
Lo . . -::K‘

“proach used by a number of DOE
- grantees. Both Attics 1 and 2 retro- -
fit strategies demonstrate how in-. '

' tion (Figure 3.16). Note that both °

barrier appliod botwoen the edat.
‘ ins""“ins and the new sheetrock o

wall plus 1 fojl-faced - o
isocyanurate, uhfilled i3
cavity - i
R34
$.15/R/sq.ft.

loosedill insulation, a common ap-

expensively superinsulation “levels
can be reached using blown insula- -

examples show & continuous vapor -

N
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Masonry wall, 3" -
‘sheé¥rock/polyurethane
laminate
R-26
$§09/R/sq ft.

Fig 3.10

l.M.‘.

Masonry wall, interior
frame and 34" fiberglass

e e S R e L e e e

N

batt v
R-14 .
$.26/R/sq.ft.
* Fig. 3.11 . .
_

finish that can-easily be sealed to
create an airtight joint between the
walls and the ceiling. The attic ret-
rofit strategies- illustrated . here are

generally easier than the- ekterior
roof retrofit. Be certain the ceiling

can support the extra insulation. )

Ceilmg o
If the ceiling is actually - the

ﬁnwoz.‘ B ‘.J.
Masonry wall, 2% foil-
faced isocyanurate

R-25
* $.16/R/sq.ft.
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. Masonry wall, interior
frame and 7" ﬂberglass
batt

R:25 '
S 14/R/sq.ft. - -

rafters ezxposed, auch as Ceﬂing 1,

then tlie simplest strategy is to add

fiberglass between the rafters and
cover them with a new vapor bar
.tler - and sheetrock finish (Figure
3.17). Ceiling 1 costs.$.15/Req.f, to

achieve an R+14," which is com-

pletaly” inadequate in northam

cllmatea. _

“Thefe _are, howmr, two tech-'

underaide of the roof deck. with the "kl““ for buildlna UP extra inlnla-

——

W

i1

3. .
M nry wall, 6"
expanded polystyre
R28 -~ .
$.12/R/sq.ft.

'1 _

/

lguo6o o -
Masonry wall, interior
frame ¢ 1" fiberglass

%as §

$|0/R/Sth " "

-

‘tion 1 a house without a ceiling

space: adding " high-R rigid insula-

tion or adding -another layer of

framing ai
fills the -
glass between

ﬁbarglass. -Celling 2
g cavity with fiber-
e rafters and then

attaches .3 inches -of the polyure-

thana/sheetrock ‘laminate to the

‘underside of the rafters. It achieves
R-35 at a cost. of $10R-sqft,
'which is still less than superinsula-

g
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Frame wall,
sheetrock/polyurethane
laminate, filled existing

cavity j
R-27 7
$.09/R/sq: ft .
Fig. 812 -

tion levels for cold climates, but an
adequate retrofit/ if headroom is
limited. I

~When headroom permits, a sus-
pended framework for insulation
and a new ceiling i$ the ideal solu-
tion. Ceiling 3 provides'a strategy
for arriving at an R-52 ceiling at a
cost of $07/R—sq ft. Another advan-
tage of this strategy is that the ceil-

ing vapor- barrier is relatively easy.

to join to the wall vapor barrier.

Hoof |

ldeally. one would wrap the

vapor barrier and insulation right
over the roof, sealing the roof to the
walls, making aﬁry air-tight
house. An R-80 roof fetrofit would
cost $.11/Rsq.ft, while filling the

tic with loose-ﬁll insulation to an
R-60 level would only cost $.04/
" Resq.ft. The difficulty with this less

~ expensive approach is- that « the

_vapor barrier installation-is more
- difficult. A new vapor barrier can
*be applied centinuously beneath
the existing ceiling, sealed to the
wall vapor barrier and then cov-
~ ered with new sheetrock. However,

this causes ., a sconstruyction mess.

usually avoided with an exterior
retrofit.

Roof 1 shows an ideal axterlor.
roof retrofit. (Figure - 3.18). :The
vapor barrier is laid over the exist-
ing roof and aealed to the wall ;

&

the existing roof

LF.2. -

Frame wall, 3" expanded

polystyre‘ne, filled existing
cavity ™ ,

X o

oy

LF.3. : §
Frame wall, 1" foll-faced - . .

isocyanurate filled

existing cavity . C

deck. This strategy yields R-55 at @

‘cost of $-11/R-ﬂfflﬁ .Be ceértain that
‘ structure can sup- %
‘port the yetrofit. If in doubt, consult

a structurai engineer, -

' .Th.e bottom of the house is

R-29 R-25 e R
$.11/Rlsq.ft $.12/R/sq ft. S
' 5:§ N~
w3 ) -E
- & il
. &3 =
= : ==
8 :*;‘E:?i
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LF.4. LF.5.
Frame vnsall interior frame E{ame wall, interior frame
and 3% ﬂberglasﬂ)att and 3% fiberglass batt,’
filled existing cavity _plus 3" expanded
R-27 polystyrene, filled existmg
$.14/R/sq ft. cavity -
' . ’ - R-40 _
---$.l2/R/sq.f_t. '
Fig. 3.13 , 2 3
_'-* N i
vapor barrier Then a new frame. ia
constructed on top of the roof. @ THE PERIM ETER/
_new_frame creates a cavity tobe B ASEMENT/CRAWL
filled with fiberglass and a. surface
‘from which to aftach the new roof SPACE RETROFIT

erhaps the most difficult area
“about whlch to generalize. Some : . °
houses hpve basements, - others.
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loFo6o loFo1o ' . ’ loFoso .
Frame wall, interior frame Frame wall, interior frame Frame wall, interior frame
and 7" fiberglassbatt,” ~ and 11" fiberglass batt. and 11" fiberglass batt,
filled existing cavity ~filled existing ci\‘/ity unfilled cavity
R-38. R-51 R-38 . ~ '
$.11/R/sq.ft. . $.08/R/sq.ft. ~ $.10/R/sq ft. )
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LF.9. . LF.10. . -
Frame wall, interior frame Frame wall, gut rehab,
with 7}4" fiberglass batt . interior frame and 72"+
(uninsulated space behind 314" fiberglass batt N\
each new stud), filled - R-34
existing cavity - S$.12/R/sq.ft.
R-36 - a
‘ $.11/R/sq.ft.
. Fig.3.14 , ‘
B ’ . P' . . . . .

J : ' ' " ro.

have crawl spaces, some have a side of basement walls (space per- attributes of an uninsulated base-
slab*on grade, and others have a mitting) and under the floor of the ment floor.

combination of the three. How this house, but these two approaches ,

Bart of the house fits inté- the are not always possible, In climates Floor Retrofit

overall retrofit strategy depends on with hot, long summers you may |,

whether the wall/roof retrofit is in- . chqose to insulate only the exterior  Floors 1 and 2 show a floor retro-
terior or exterior. Generally, ‘it is of (_ie basement walls in ‘order to- fitted by installing fiberglass be-
least expensive to insulate the in- retain the natural summer cooling tween the joists, laying a vapor bar

L 3$ N . 85, -
.7 - . . X . ¥
i IR R Tl ! . o
A s S e . . : ’ P e
5 £

. '}?9; _. :




LF.11.

Frame wall, 3"

- sheetrock/polyurethane
laminate, filled existing
cavity
R-40

. $.07/R/sq.ft.

~ Fig. 318

C.1. ‘
311" fiberglass batt, new
vapor barrier and ceiling
finish
R-14
$.15/R/sq.ft.
Fig. 3.17

'.‘

wn
R.1.
New roof structure built
over existlng roof -
R-55
$.11/R/sq.ft.
Fig. 3.18

N <

e

. A1

Attic ﬂlléd with 12° blown
cellulose, new vapor
barrier and ceiling finish

A. *

Attic filled with 15" blown

cellulose, new vapor
barrier and ceiling ﬂnish

R-47 . R-59
$.04/R/sq.ft. $.04/R/sq.ft.
Fig. 3.16 *~
i ‘ ""
l’ ’ ! , ! " i
G &M! i
c 2. . c.;. - .

3" sheetrock/poryurethane Suspended celling and
laminate plus 34" 16" ﬂberglass batt - _°
fiberglass batt R-52

" R35 $.07/R/sq.ft.

S.1 0/_R/sq.f£.

rier over the existing floor (which
can. then be sealed to the wall

~ vapor barrier), and covering. the

vapor barrier with new underlay-
ment (Figure 3.19). Floor 1, with
3-1/2-inches of fiberglass, -would be

~ appropnate for an insulated crawl

5 space or a crawl space well J
grade, Floor 2, with 6 inch

fiberglass, is apprgf)riate for a,

. vented crawl ‘space.In both cases,
° be sure to install a moisture barrier
(6 mil polyethylene) over the gretind
ﬁ\ the craWwl-space. '

Floors 3 and 4 show expam%id
polystyrene boards laid over
existing _floor' and - covered with

vapor barrier and a new subfloor

(Figure 3,20). This strategy is more
appmpﬁate than the ﬁberglass

_desrade ‘331

39

method in cases where the crawl
space is inaccebsible or with a.con-
crete slab floor. An alternative to

using the polystyrene is to lay

sleepers  (non-structural dimen-

sional lumber used’to produce a

‘cavity between Mw and - existing

floors) on the floor, fill the cavity
between ‘them with fiberglass, and
cover with vapor barrier and sub-
floor, as shown in Floor 5 (Figure

» 3,21). Always be certain to protect.-

the retrofit floor installation from

‘moisture that Is conimon in base-

ments. If you suspect moisture will
be present, use pressuretreated -
wood and insulation that does not
en exposed to moigture,
such ‘as “vermiculite or &xruded -

polyslywlnstalling insulation' S
- I : ¥ 4




Fo l [ ) N
34" fiberglass batt
between jolsts
R-14

$.10/R/sq.ft.

Fig. 3.19

&

-

A
F3. s
2" expanded polyst;%&
R-12 .- N
$.24/R/sq.ft.
Fig. 3.20 T

# Fq’o ‘ )
+ ‘Sleepers, 3% s fiberglass
batt
R-15
$.18/R/sq.ft. ,
" Fig.3.21 - - s
e

" abova the floor means doors, plum-

- bing, etc. will have to be adjusted.
This technique will be expensive
and troublesome.

F

N
;d

F.2.79%" fiberglass batts'

between floor joists
R-30 '}-‘f’ >
$.06/R/sq.ft.

I T TR AR TR TR I T
S INnE |"ill“.. nln"l'-.lnll' Cr

(AT Phe N

T IIY ITRY AP TY I

— .Fo4o_ ' ’
. 4" expahded polystyrene
-19 : '
$.16/R/sq.ft.
. ‘ .

Basement Wall Retrofit

Insulating the interior of a°
‘basement wall will cost roughly

the same as other wall retrofits.
There is an added cost of sealing
the basgment vapor barrier to the
first floor wall- vapor barrier,
whether it is an interior or bx-
terior wall retrofit (Rjgure 3.22),
This is done by installing vapor
barrier blocking (closed cell of
[foil-faced ingulation cut to fit) be-
tween the ' joists. The . interior
basemant retrofit may be the least
expengive complement to an exte-
rior retrofit on the rest of the

_ house.

.
. Perimeter Retrofit

In many" cases (whqthel;%b on
grade, crawl space, or ment
wall) it may not be practically pos:

[

" anywhere but the outsidé. - Perim-

~ materials and backﬁllﬁlg costs.

B.1. .

Interior frame basement
- retrofit with rigid blocking /

between joists o

R-24

$.06/R/sq.ft. s
Fig. .22 S

RiS o 4

[

e el s e e,

sible ‘to insulate the perimetér,

eters 1, 2 and 3 show various ap-
proaches (Figure 3.23). Pgrimeter 1
shows a perimeter retrofit using
Z-inch extruded polystyrene. Note

“that the. insulation itself represents
less than one third of the total cost
of installation. That means that .
‘more insulatjon can be added at. -
relatively little additionsal cost.

Normally, an exterior retrofit of
the perimeter should extend all the -
way down to the footings. However,

. for quite deep footings, there is an -
alternative approach. Rather than
exchvating to the footings, a_trqnch N
may be dug about two-feet r};ep\_‘ '

-and two- or threefeet wide. Ex- :
trdded _ polystyrene is. installed . . ...
down the foundation wall two-feet - *
desp and then installed horizontal-

- ly all around the. perimeter (be cer
tain it slopes slightly away from the
foundation walls). This approach is
iHustrated in Perimeter 3. Testing
by the Underground -Space Center ,,
at the University of Minnesota has =~ o
shown that the insulating skirt o
shown in Perimeter 3 18 as effective © -

-

-

R

.as insulation_adhered to the foun- 1
dation wall. Meanwhile, there is a
significant savings in excavation, v 4

Sl
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Polo ‘. . :‘ _ ) "0’20 : ) N P..3. . - - .
2" extruded polystyrene r 4" extruded polystyrene 4" extruded polystyrene
R-12 ~ . R22. . .with 2’-0"* skirt
6.36/R/sq.ft. $.23/R/sq.ft. - . R-22 .

| .. | T $.17/R/sq.ft. -
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CALCULATE COSTS

~ FOR VARIOUS -
CONSTRUCTION

CONFIGURATION S

" While each retmaht ;-:sxtuation is
d the specnﬁc character-

. 3

uni
5 fstics of“‘e building influence the
2 %; Sof retrofit selected, there are
\‘ l ES

7 \::'w choice: 'the cost and R-yalue of the
. particular strategy. Therefore,
¢ - when reviewing wa
- W gies it.i im rattvve at cost ana
. theripal compansons of various
techmues be made on a uniform

and standardizedbgsis. ©  ~ o

- D()E\gmntees ed many differ-

ont caloplation techmques to select

D (?ous wall t options is to com-
. pare the cost of installation per unit
\ Raalue~per square foot eof wall,
. " ceiling, roof or floor area. The fol-
. . lowing is a simple step-by-step cal-
culdtion procedure for determining
this value: A sample worksheet of
the calculation procedure is in-
cluded to aid you in organizing your
work and a hypothetical wall calcu-
lation # computed to' jp you
- understand the process.

STEP 1; Draw the. exlstmg wall
- section to be analyzed, -
Sketching the existing wall sec-

tion is important for several rea- -

> sons: it allows you to identify the-
various components of your wall; to
 visudlize the Various paths of heat
" flow through the wall; and to deter-
mine the percentage of the wall

area repreuPted by each heat flow

~ fegtures like windqws,

unportant factors that can play.
a’ ¢ role in determimng thig.

mﬁt strate- ~

- These factors are un

the retrofit strategies they used. pat
" The best wﬂ?(‘:omparing vari- ,chmcteﬂstigs : -

pathway. To make comparisons
simpler, all the wall sections il-
lustrated in this publication are
8 x 8-foot and don't include
doors,
corners, etc. Bear in: minfl that

* these features influence tle~ real

cost of the retrofit and they Are im¢

portant when comparing one type’

of retrofit with another. When com-
paring options for your project, y
may wish to use the entire Q'Il
area rather than a typical 8 x 8-f
section.

STEP 2: List all wall section come—

ponents.
fter the wall section is drawn it *

hefts. Don't forget to include the
inferior and exterior . film
oundary between the welll)mhthe
environment, elong with any d

1 be easy to list all the compoe

' top and bottom plates, the cavity.in-

sulation, and all the various sheath-
ing materials; '2) through the exist-
'ing studs, the cayity insulgtion, the
retrofit stud wall insulation and the
sheathing; 3) through the existing

, stud® wall insutation, the cavity in- .

pulation, the-retrofit studs, and the

sheathmg, and 4) through the“exid®

ing stud wall insulation, the cavit
insulation, the retrofit stud wall iri-
sulation, and the sheathing.
STEP 4: Cdlculate the composite
R-value for each heat ﬂow
~ path.. /
The R-value of a ggfn material is
a measure of its ance to heat
\¢|The R-value of various con-
struction materialsy including™
boundary air films and “dead air”
spades, is(given in Figlire A-2. To

calculate a composite R-value for a °

air spaces” in the wall cavity. V4 .particular heat flow pathway sim-

rtant

determining the wall’s ‘heat loss

STEP 3: Igienhfy heat flow path-
ways. )
Materials that create resistance

to heat flow through a wall can be  The u-value of a mfterial or com:¥

arranged either in series (compo-_

posite Hf
nents one after another) er in  its R-vilu

parallel . (components side by side).
A solid brick wall with polystyrene
insulation attached and finished
with stucco is an example of mate- -
rials in.series, while a frame wall

filled with fiberglass batt insulation

an example of materials in paral-
lel. A yetrofit' double stud wall is

“even more complex. In order to ac-

curately analyze a wall section you

must identify all the heat flow - Each heat flow- patll‘way you
. pathways. In the exampleuflven (a

double -wall with staggered studs,
Figure A-1) heat can flow through
the wall by four different path-

-:ways 1) through existing and new

components through the pathwa
R composite=R, + Ry #w. R, '3

ply add the R-values of the Ven(&

'§TEP 8: Convert, each oomposije!

"+ Revalue to its oowres?ond-
3:‘ ® ing u-value.

ou
erred b
square fog¥ of materigl per degree
F of femperature {difference rb&
twéen the two sides of the matbrial.,
. =1

u =u,
posite
oqm C Rcomposltd

STEP 6: Ca!culate framing corrée-

tion factors.

identified in Step 3 represents a
certain percentage of the total wall
section %his step you need -
to calculate “these ,ercentages
called framing comectlon factors.




) Fig Y] Heat Flow Paths

‘This drawing shows four dlﬁerent heat flow paths

TR YT

R e e

R-added 4n retrofit =R, — R oxisiing

through a wood frame wall retrof tted with interior

“stud fmmmg

For example, a 2 x4 stud wall with
31, inches of fiberglass batt insula-
tion has two different parallel heat
loss "paths; through the studs or
through the’ .dnsulation. | an
8x 8-foot section of tenis wall you
will find that 14 percent of the wall
area is made up of studs and plates
and 86 percent is insulation,. Thus
. the framing correction factors for
this wall are .14 (heat loss through
studs) and .86 (heat loss through
the insulation).
STEP 7: Obtain an overall u~value
* . forthewadll

-The dverall u-value for the wall
is obtained by multiplying the com-
posite u-value for each heat loss
path times its corresponding fram--
ing correction-factor (K) and adding
those sums together -

1

uovcnll

(u,xK )+ (u,, X K,)+ ..,(ucn X K.J

* STEP 8: Convert the overdll u-

. . value to an overall R-value.
Since u- and ‘R-values are the in-

verse of one another- this step is’

simple.

’ 1
Roveratt = =~
T Wgeral

STEP 9: Repeat Steps 1-8 for the

" After you have determined the
dverall R-value for the existing wall
the next step is to do the very same

- thing for the retrofit wall. You need ;
+to sketch the wall section as you

-plan to retrofit it, list all wall sec- -
tion components, identify all heat
flow pathways, and calculate the
overall Rivalue of the retrofit walls.

STEP 10: Determine the R-value
added during retrofit.

The R-value added during retro-
fit is the difference between the
R-value of the total retrofit wall and
the R-value of the existlng wall.

STEP 11: Determine. the materials
cost for the retrofit wall.

List all materials necessary to
‘build the retrofit wall. Identify the
gost of each material and add these
costs ta obtain the total cost of the
retrofit wall. Remember that for the
purposes of. this analysis you are

working with an 8 x 8-foot wall sec- -

tion, not an entire house. Materials
costs can be obtained from your
local supplier (hardware store,
lumber yard, etc.) or from sources
such as the National Construction
Estimator, Craftsman Books, 1983.

STEP 12: Determine the labor cost.

to construct the retgofit
- wall _
Labor cost estimate8 can be ob-

tained from local contractors or the

National Construction Estimator.

These costs are just for an,

8 x 8foot wall section and are for
comparison purposes only. If you
plan to do the work yourself, deter-
mine the value of your own labor.

STEP 13: Determine the base cost
of the retrofit wall.

Add the materials and construc-

tion costs from Step 11 and 12 to

get the base cost.

Base cost = .
Construction cost + Labor cost

STEP 14: Add a oontmctors mark-
- up.

This step is optional. If you do the
work yourself this step can be ig-
nored. If you hire a contractor, he
or she will plan to cover the over-
head and make a profit on the job.
The contractor’s mark-up is usually
a percentage of the base cost. This
amount is then added to the base
cost to obtain a total cost for the

nwall retrofit.

Total cost =

, Base cost + Cont'mzr:s mark-up.

STEP 18: Determine the cost per
square foot.

¥ To determine the cost per square

" foot of -the retrofit wall section
divide the answer obtafhed in Step
13 or 14 (whichever is\applicable)
by 64, the size of the we section in
squam feet.

‘Cost per square foot="
Base or. Total cost
64

Y
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~———-—-§TFEP 16t Culculate the cost Fg

" K. ) » e ki
) . Y .
. o -f . A
I A

minate, which dropped from

square foot per unit of
$1.65/sq.ft. to $.81/sq.t. for the

R-valué. w

This is the last tep in the proc- 3-inch thick %nels. At the time of ~
tins

ess. The cost pdr square foot per publication, rigid, finished in-

. unit of Rvalue is obtained by sulatjon panel is the least expen:
. dividing the answer obtained v sive technique for applying ingula-

Step 15 (the cost per square foot of _tion and wall finigh to_the interior

the retrofit wall) by the answer of a. house [motwithstanding. the ~Use a cop

from Step 10 (the R-value’ added by . vapor barrier and window framing -
the retrofit). _ >+ problems already described)yx Be

Cost foot it aware of current prices and com-
0st per square 100t peryun pare them when using the methods
R-value = Cost per square foot

% 1o presented here. .
’ R—val:n eadded - g, mple: The sample calculation
NOTE: The costs used in the follow- procedurg uses the following wall
ing tables are national averages, configurgtion: an existing 2 x 4 stud
which- change from ybar to year. wall filldd with 32 inches of fibet-
Since 1982, the cost of framing, glass ipsulation, retrofitted with 4
fiberglass insulation, polyethylene, inches/of exterior-finished polysty-

cellulose, and polystyrene has gone rene- ihsulation. The results of the -
up slightly, probablympl‘%g\r}lw y-step analysis of the cost per
with inflation. Meanwhile; - _square foot per unit R-value for this

faced ispcyanurate foam has retrofit are displayad on a com-
decreased in price. The most plet worksheet (Figure  A-3).

dramatic decrpase has been in the F#lowWeach step of the calculation

- ¢ .
7

*

rice of hblyurethanelaheetrock'

“procedure—and--note-—-where —the S

result is placed on the worksheet.
Make sure you understand - how
each number is optained. When
you think you understand the pro-
cedure, try calculating the cost per
square foot per unit of R-value for a

trofit WJG of your own design.
of the blank worksheet
provided for your analysis (Figure
A-4). :

The sample shown here is for a
wall retrofit. The same technique
may be used for other parts of the
building with minor exceptions.
First remember that the R-value for
air films and air spaces is different
depending on whether the direction
of heat flow is horizontal, upward,
or downward, For slabs and below
grade walls, there is no outside air
film. Calculating heat lqss to the

can be ignored when you calculate
the cost/sq.ft./R for below-grade. ~




E.M.3 Masonry Wall, 7 Strapping, Exterior E.M.4 Masonry Wall, 10" Strapping.
Stucco Finish ’ ~ Exterior Stucco Finish
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COMPOSITE R-VALUES THROUGH MAT'LS IN COMPOSITE R: VALUES THHOUGH MAT}.S IN

R-VALUES ; HEAT FLOW PATHS AT: R-VALUES . HEAT FLOW PATHS AT:
' W-W X-X YY [ 22 ' W-W XX YY | 22
MATERIALS PLATES |REW STupy INSUL.. , MATERIALS PLATES [NEW STUPS| INSUL-,
AR FILMS . 09%| 093] 093] . AIR FILMS 093 | 093 | 093 | .
EXISTING 12" BRICK 240 | 240| 240 EXISTING 12" BRICK | 240| 240 240
2x4 STRAPPING AT 24'0.C.| 8.76 | 438 | = 2% 4 STRAPPING 1314} 876 -
VAPOR BARRIER - - - ' '/; FIBERGLASS BATT (SLAYERS) | .~ 18- | 3329 !
3Y, FIBERGLASS BATT (Z LAYERSY - 1110 | 22.19 1" PLYWOOD SHEATHING 0.6? 063 o&31{ :
12" PLYWOOD SHEATHING | 0.63 | 0.63 0.63 STUCCO AND MESH o5 | o0.15 9. '@5 %
STUCCO AND MESH W oas o.\5 o.15 VAPOR BARRIER - S '
.
i
"| TOTAL R.VALUE 1287 | 1992 | 263 - . { TOTAL R-VALUE \7.25| 2397 | 3740 .
TOTAL U-VALUE 0,078| 0.051| 0.038 TOTAL U-VALUE o0.058| o.042| o027
+, | FRAMING CORRECTION 0.047| 0.060| 0.892 FRAMING CORRECTION' 0.047] 0060| 0893
* | TOT. U X FRAMING COR. 0.0037| 0.0031| 0.034 .| TOT. U X FRAMING COR. 0.0027] 00025] 0.0239| 7 | ?
COMPOSITE U-VALUE COMPOSITE U- vﬂﬁ]e . 0.0891
COMPOSITE R-VALUE COMPOSITE R-VAUYE o 3436
. EXISTING R.VALUE ] EXISTING R-VALUE; ', ' ' )
" R-VALUE ADDED BY RETROFIT 'R-VALUE ADDED BY-RETROFIT N 31.0%
RETROFIT CONSTRUCTION COSTS . ' RETROFIT CONSTRUCTION COSTS :
MAT'LS LABOR TOTAL | 'LS LABOR TOTAL
MATERIALS LIST .. | cOST__ | CosT - cOST MATERIALS LIST %}T coST COST
Z%4 STRAPPING 23.76 | 21.52 4528 2x4 STRAPPING 3672 | 3.0 | 6832
VAPOR BARRIER ~ . s42° | 840 13.82 3y FIBERGLASSNQATT(SLAYERS) | 2456 | 23.04 57.60
3’ FIBERGUASS BATT (2LAYERS) 23.04 | -15.36 | 138.40 V2" PLYWOOD SHERTHING 24.96 12.80 37.76
1/2' PLYWOOD SHEATHING 24.96 12,80 87.76 STUCCO ANDF MESH _ 103,11
8TUCCO AND MESH ‘ 103,11~ VAPOR BARRIER " 5.42 840 13.82
i P — w / ' ’
. . N } .- . . .
TQTAL CONSTRUCTION COST . [ 238.37 TOTAY CONSTRUCTION COST 280.6!

~ |LTOTAL PRICE (COST,+ MARK-UP)

*[$R —sQ.FT. —<
N\ A

A ruiToxt provided by ER

N
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Fig. A-4: You may copy this form for your own calculations
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E.M.I

Polystyrene

Masonry Wall:“4"* Exterior-Finished

{

E.M.2

Masonry Wall, 8 Exterior-Finished
Polystyrene

COMPOSITE R-VALUES THROUGH MAT'LS IN, | - [ compPoOSITE A-VALUES THROUGH MAT'LS IN
R-VALVES HEAT FLOW PATHS AT: . RAALUES HEAT FLOW PATHS AT:
ww [ XX Y-Y Z-Z . - - .
MARERIALS MATERIALS . w-W XX L ZZ
| AIR FILMS o 093 AIR FILMS 091
EXISTING 12Z"BRICK | 2.40| « EXISTING 12" BRICK 2.40-
47 EXP POLYSTYRENE | 16.00 8" EXP._POLYSTY RENE 32.00
"ORYVIT" ADHESIVE - “DRYVIT ADHESIVE -
"DRYVIT” FINISH ETC, - "PRYVIT" FINISH ,ETC . —
T Tt T ‘\
S : 1\
o e e
( ) :
TOTAL R-VALUE 19.33 & | TOTAL R-VALUE 3633
TOTAL U-VALUE o052 TOTAL U-.VALUE 0.028
FRAMING CORRECTION 1.0 FRAMING CORRECTION 1.0
TOT. U X FRAMING COR. 0.052 TOT. U X FRAMING COR. ,0.028
COMPOSITE U-VALUE . 0.052 COMPOSITE U-VALUE T o0.628
| COMPOSITE R-VALUE - 719, COMPOSITE R-VALUE 353
EXISTING R-VALUE 3, EXISTING R-VALUE )
R-VALUE ADDED BY RETROFIT \ | ¢ 00 R-VALUE ADDED BY RETROFIT . ) 32,
) RETROFIT CONSTRWCTION COSTS N\ RETROFIT CONSTRUCTION COSTS
: MAT'LS LABOR TOTAL ren ’ MAT'LS LABOR TOTAL
\"" “‘fTE“'ALs LIST cost ’ | cosT COST MATERIALS LIST COST COST _cosT
& EXTFIN.POLYSTYRENE | | 277,76 8"'EXT. FIN. POLYSTYRENE 333 44
[ 4 Bahiis < .
, e S ) ,
~ . , ‘ 4 ,
- AL
L4 ST !
v - / —
( 'i 1
A , :
’, by
\ir ,f T [y & "
EO A
“TOTAL CONSTRUCTION COST o [277.76 TOTAL CONSTRUCTION COST 44
[ ToTAL PRICE (GPST+ MARK-UP) .« | 247.20 ] [TOTAL PRICE (COST+ MARK-UP) [ 416.8
_ | consTRUCTION®COST PEB §O.FT. 5431} vLcons*rnucngN COST PER SQ. FT. [ &31 ]
] SIR — SQ. FY. —%—> > | 0,34 $/IR — SQ. FT.. ' » | 0204
2 h -~
Q 7 - ’ / 4 4 ‘ ) 45
_ 8 Y
'/ Fl 0 / S~y A \{ . .



E.M.3 Masonry Wall. 7" Strapping. Exterior E.M.4 Masonry Wall. 10%:"" Strapping.

Stucco Finish Exterior Stucco Finish
x
. -
W 6>
. ) - =]
f'wmwﬂﬁ‘ggé, ’ v \:) §
«;;ff‘fey é%ié” ZP]
y 5]@. ﬁ by ’K\’élf ~
"/ RIC LN o}
oy ”%”ﬁ e O
Q’b =f9é;$ y )/‘y;} W o 227
X gﬁé)ﬁﬁ’ /- ";"’1 ‘\Jg“:
[ V %f" %
COMPOSITE R-VALUES THROUGH MAT'LS IN COMPOSITE R-VALUES THROUGH MAT'LS IN
R-VALUES i HEAT FLOW PATHS AT: R-VALUES HEAT FLOW PATHS AT:
W-W X-X Y-Y Z2-Z w-w X-X YY”© 22
MATERIALS PLATES |NEW STUDS INSUL. . MATERIALS PLATES |NEW STUDS| INSUL..
AIR FILMS 093 | 093 0.93 - AIR FILMS 093 | 093 | o093 .
LXISTING 12" BRICK 2 .40 2.40 2.40 EXISTING 12" BRICK 2.40 240 2.40
2x4 STRAPPING AT 24'0.C.| 876 | 438| - Z% 4 STRAPPING 3.4 | 876 | -
VAPOR BARRIER - - - 377 FIBERGLASS BATT (3LAYERS) | .- 18 | 3329
37, FIBERGLASS BATT (2 LATERSY - 1o | 22.19 4" PLYWOOD SHEATHING 0.63 0.63: 063
Vo' PLYWOOD SWEATHING | 0.63 | 0.63 | 0.63 STUCCO AND MESH o015 | o151 Bus
| STucco AND MESH ., | 0.15 | 0.1F7 | 0O.1% VAPOR BARRIER _ - = ”
TOTAL R-VALUE 1287 | 19599 | 263 - TOTAL R-VALUE 17.25 | 2397 | 3740]
TOTAL U.VALUE 0.078| 0.051| ©0.038 TOTAL U-VALUE o0.058| o.042| o027
FRAMING connsc‘r;or_« 0.047| 0060| 0.893 FRAMING CORRECTION 0.047| 0.060| 0893
TOT. U X FRAMING COR. 0.0037| 0.0031| 0.034 TOT. U X FRAMING COR. 0.0027| 0.0025| 0.0239| 7
.COMPOSITE U-VALUE 0.0408 COMPOSITE U-VALUE 0.0291
COMPOSITE R-VALUE 24 5| COMPOSITE R-VALYE 34 .36
EXISTING R.VALUE . 3.33 EXISTING R-VALUE. 3,33
"| R-VALUE ADDED BY RETROFIT 21.18 R-VALUE ADDED BY RETROFIT \ 31,073
RETROFIT CONSTRUCTION COSTS N RETROFIT CONSTRUCTION COSTS
MAT'LS LABOR TOTAL [ TLS LABOR TOTAL
MATERIALS LIST -, | cost COST - | coST MATERIALS LIST cOSsT COST COST
2x4 STRAPPING 23.76 21.52 45.28 2x4 STRAPPING 236.72 31.60 68.32
VAPOR BARRIER _ 542" 8.40 13.82° 3%, FIBERGLASSNATT(3LAYERS) |  24-50 23.04 57.60
37 FIBERGLASS BATT (2LAYERS) 23.04 | "15.36 | 138.40 v, PLYWOOD SHERTHING 2496 12.80 37.76
172" PLYWOOD SHEATHING 24 .96 12.80 A7.76 STUCCO AN MESH 103,11
STUCCO AND MESH ‘ 103,11 VAPOR BARRIER 542 8.40 13 .82
; " :
‘ o . , 3
. N ,
TQTAL CONSTRUCTION COST . 238.37 TOTAL CONSTRUCTION COST 280 .6l
| TOTAL PRICE (COST,+ MARK-UP) ' 297.96 | TOTAL PRICE (COST + MARK-UP) [ 35076
F consTRUCTION COST PER sQ. FT. .06 | [ CONSTRUCTION COST PER SQ. FT. - [ 548 ]
* [ siR —sa.FT. - —— [ o022 | [SR+SQFT. — —» | o7
N 49 |
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kT |

E.M.5 Masonry Wall, 7" Curtain, Wall, E.M.6 Masonry Wall, 11" Curtain Wall,
g Exterior Stucco Finish o Exterior Stucco Finish

. X =~ OC W
= )
< .‘N
» : ‘ ‘ -“ 0
‘IL N ) 4 .
A - 7
| SO 1
> Y P Y
A e
o
W ” / g W w (O LOY O LT L &2 w
COMPOSITE R-VALUES THROUGH MAT'LS IN | [ COMPOSITE . R-VALUES THROUGH MAT'LS IN
R-VALUES HEAT FLOW PATHS AT: R-VALUES *HEAT FLOW PATHS AT:
W-W X-X Y-Y ZZ W-W X-X Y-Y ZZ
MATERIALS PLATES [sewsTUOS| 1nsUL. | MATERIALS PLATES [New 5TUDS| INSUL.
AIR FILMS 093 0.93 0.93 AR FILMS 0.93% 093 0.93%
’ﬁ < | EXISTING 127 BRICK, 2740 240 | 240 EXISTING 12" BRICK 240 | 240 | 240
| 2x4 CURTAIN FRAMING | 8.76 | 438 - 11 "FIDERGLASS BATT (2 ANOTA ] - 23,78 | 2487
32 FIBERGLASS BATT(2 LAYERS) - .o | 2219 /2" PLYWOOD SHEATHING 063 | 063 0.6} )
V) PLYWOOD SHEATHING 0.63 0.63 0.63 . 5TUCCO ANDIMESH F O. 15 o 15 0.15
STUCCO AND MESH 0.5 o.15 | oI5 VAPOR BARRIER - -~ -
VAPOR BARRIER - - - 2 x4 CURTAIN FRAMING B0 | 4238 -
N L e z ;‘
/J .
o ; < /-
TOTAL R-VALUE 1287 | 1959 ] 263 / TOTAL R-VALUE 12.87 | 32.27] 3895
| TOTAL U-VALUE 0.0718| 0051 | 0.038] [/ TOTAL U-VALUE 0.078| 0031 0.026
| FRAMING CORRECTION 3.047] 0.060| 0893 ' FAAMING CORRECTION 0.047| 0.060| 0.893
TOT. U X FRAMING COR. 6.0037 | 0.0031| 0.034 TOT. U X FRAMING COR. . [0.0037|0.0019|0.0229
COMPOSITE U-VALUE 0.0408 || .| COMPOSITE U-VALUE . , 0.028
'COMPOSITE R-VALUE : 24 5| COMPOSITE R-VALUE 35.09
EYSTING R-VALUE ) 3,3 EXISTING R-VALUE 3.%%
R-VALUE ADDED BY RETROFIT : 21.18 R-VALUE ADDED BY RETROFIT 31.76
RETROFIT CONSTRUCTION COSTS p RETROFIT CONSTRUCTION COSTS
MAT'LS LABOR TOTAL MAT'LS LABOR TOTAL
~ MATERIALS LIST . | cosT cOST coST MATERIALS LIST ST cOST COST
2<% CURTAIN FRAMING 21.84 14.64 26.48 - 2x4 CURTAIN FRAMING 8.96 1616 45.12 .
VAPOR BARRIER 542 8.40 13,82 3%" FIBERGLASS BATT .52 7.608 19.20
372 FIBERGLASS BATT (2 LATERS) |  23.04 15.3¢6 38.40 7% FJBERGLASS BATT 26.24 8.00 3424
[ PLYwooD SHEATHING 2496 | 1280 | 3776 /i PLYWOOD SHEATHING | 2496 | 1280 | 37.76
'+ | sTucco Anp MESH - 103.11 VAPOR BARRIER 542 | 840 13.82
- ! . STUCCO AND MESH 103,11
B i < 's- .
- T :
7
TOTAL CONSTRUCTION COST . | TOTAL CONSTRUCTION COST 253,25}
[ TOTAL PRICE (COST + MARK-UP) ‘ . " [ TOTAL PRICE (COST + MARK-UP) §316.56 |
| CONSTRUCTION COST PER SQ. FT. L 4% 1} CONSTRUCTION COST PER-SQ. FT, \ '
$IR — SQ. FT. — » | oz $IR — SQ. FT. — —> [ oI5
) : ' g
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der

E.F.1 ~ Wood Frame Wall-And Siding. Blown

v

E.F.2 Wood Frame Wall And Siding, 11"~
Cellulose, 7' Curtain Wall, New Curtain Wall, New iWood Exterior
Wood Exterior Siding Siding ,
$
- ("
X X
T e T :
S— o]
-..4 oy
‘ b <]
w7 “
. =<
4 ’:"‘
,5..*’1-.
e
<
<)< . \
A Soe .
—ee '
S-S
el
<
COMPOSITE R-VALUES THROUGH MAT'LS IN COMPOSITE R-VALUES THROUGH MAT'LS IN
R-VALUES HEAT FLOW PATHS AT: ! | R-VALUES HEAT FLOW PATHS AT: .
" W-W X-X YY y 5 W-W X-X Y-¥ ZZ

MATERIALS PLATES [oLD $TUDS [NEwW STuDS | INSUL. MATERIALS PLATES |oLD 5TuDS |[New sTuDs | MeuL.

AlIR FILMS 093 0.93 0.93 0.93 AIR FILMS 0.93 Q93 093 0.9%
EXISTING 2x4 6TUDS AT 160.C.| 5.00 5,00 - - EXISTING 2x4 STUDS AT 1670.c| 5.00 5.00 .01 1.01
LATH AND PLASTER 020 0.20 | 0.20 Q.20 LATH AND PLASTER 0.20 0.20 0.20 0.20
/4" SHEATHING 094 | 094 | 094 | 0.4 34 SHEATHING 094 | 094 | 094 | 0.94
SIDING (EXISTING § NEW)AT 1.62 |62 .62 1-62 \ |siPING (ExISTING ENEW) %' lLe2 1.2 1.2 1.62

PUILDING PAPER - - - - BUILDING PAPER - - - -
32" FIBERGLASS BATT (2 LAVERS) - 22.19 1o 2219, 74" ¢ 3Y5 FIBERGLASS BATTS - 2487 | 23.78 | 2487

}| VAPOR BARRIER - - - - VAPOR BARRIER - - - —
2x4 CURTAIN FRAMING 24'0.c.| 876 - 438 - | 2x4 CURTAIN FRAMING 24°a¢. | B.76 - 4% -
BLOWN CELLULOSE - - 16.00 | 1600 <

TOTAL R-VALUE 1745 | 2088 | 3517 | 4188 TOTAL R-VALUE 1745 | 4356 | 3286| 3957

TOTAL U-VALUE 0057 | 0032 | 0.028 | 0.024 TOTAL U-VALUE 0.0571| 0023 0.0% ] 0.025

FRAMING CORRECTION 0047 | 0.089| 0.000] 0.804 | | FRAMING.CORRECTION | 0.047 | 0.089| 0060 0804

TOT. U X FRAMING COR. 0.0027 | 0.0028 | 0.001T | 0.0193 T. U X FRAMING GOR. 0.0027 |0.0020| 0.00/8} 0.020>|

COMPOSITE U-VALUE 0.0265 EEQMPOSITE U-VALUE ' 0.0208

COMPOSITE R-VALUE 174 OMPOSITE R-VALUE 7.5

EXISTING R-VALUE J EXISTING R-VALUE |

'R-VALUE ADDED BY RETROFIT R-VALUE ADDED BY'RETROFIT 33, |

RETROFIT CONSTRUCTION COSTS i ~__RETROFIT CONSTRUCTION COSTS
MATLS | LABOR TOTAL MAT'LS | LABOR - | TOTAL

MATERIALS us; COST cosT COST | MATERIALS LIST COST cosST cOST |

BLOWN CELLULOSE 30,72 2x4 CURTAIN FRAMING 2896 15,20 4416

VAPOR BARRIER 5.42 840 1282 VAPOR BARRIER 542 p.40 13.82
<2x4 CURTAIN FRAMING 21.84 12.68 35.52 774" FIBERGLASS BATT 2624 8.00 34:24

BUILDING PAPER 1.6b - 410 576 33 FIBERGLASS BATT 11.52 768 |1 19224

NEW SIDING 92.16 BUILDING  PAPER L.é6 410 |v 576
2% FIBERGLASS BATT (2 LAYERS) | 23.04 15.36 38 .40 NEW SIDING - - 92.16

- »
{ , '
r B . ¢
7 4
T »

TOTAL CQNSTRUCTION COST 21658 V' | TOTAL CONSTRUCTION COST } 209.34
| TOTAL PRICE (COST + MARK-UP) [ 27048 1 | TOTAL PRICE (COST% MARK-UP) [ 261.08 §
[ CONSTRUCTION COST PER SQ. FT. [ 423 1 | CONSTRUCTION COST PER SQ. FT. L .4.09 1

$/R — SQ. ET. » | 0126 $/R — SQ. FT. et + | 0.123

I’ ki . \-./
48 51/\ /\ v




&
-E.F.3 Wood Frame Wall and Siding, Blown E.F.4 Wood Frame Wall And S]dihg, N

Cellulose. 7°" Larsen Truss, New Larsen Truss, New Wood Exterior
Wood Exterior ‘Siding & Siding
\
L
.
/\ N .
COMPOSITE [ R-VALUES THROUGH MAT'LS IN COMPOSITE J.R-vALUES THROUGH MAT'LS IN
R-VALUES : HEAT FLOW PATHS AT:_ R-VALUES | HEAT FLOW PATHS AT: -
ERIALS W-W | XX Y-Y 2] 37 : W-W X-X Yy | zz
MATERIAL PLATE S |ow sTus3 | TRUSS | efBoL. MATEQIALS - |PLATES [TRUSS | INSUL. [oup sTuDs
AIR FILMS ~ 093 | 093 | 093 | 093 AR FI MG 093 | 093 | 093 | o093
EXISTING 2x4 STUDS AT 160C| 500 | 5.00 - — EXISTING 2x4 STUDS AT I60C.| 500 | - - 5,00
LATH AND PLASTER 020 | 020 | 020 [-0.20 LATH AND PLASTER 020 | 020 | o020 | 020
PLOWN CELLULOSE - - 10,00 | 10,00 | . |€xiSTING %" sHEATH.L )y siomg | 175 1.75 1.75 1.75
EXSTING ¥y SHEATH.£ B sibiNg| 175 175 | /.75 | 175 | [H"LARSEN TRUSS AT 24"0.c. | 1375 | 25.10 - |-
7" LARSEN TRUSS AT 24°0C.{ 875 - 15.91 -~ 7% £ 3y FIBERGLASS BATTS - - 3487 | 3487
3% FiBERGLASS BATT (2 1AvERs)| ~ - 2219 - 2219 | ' [VAPOR BARRIER & “TYVEK” - - - -
VAPOR BARRIER ¢ "TYVEK" | - ~ - - NEW ‘2" SIPING . a.8l o.81 0.8 | 0.8t
NEW /2" BIDING 0.8/ 0 81 .81 081
TOTAL R-VALUE 1744 | 3088 | 3566 | 4188 TOTAL R-VALUE 2244 | 2879 | 3856 | 43,56
TOTAL U-VALUE Toos7 [ 0032 | 0.028| 0024 TOTAL U-VALUE 0.045 | 0035 | 0026 | 0023
FRAMING CORRECTION 0047 | 0.089 | 0.060] 0804 FRAMING CORRECTION 0.047 | 0.060]| 0804 | 0.089
TOT. U X anme COR. o,oi)l 0.0029[ 0.0017 | 0.0192 | =\ TOT. U X FRAMING COR. aoo2! | 0.0021|0.0209 | 0.0020
COMPOSITE -VALUE 0.0265 MPOSITE U-VALUE 7
COMPOSITE R-VALUE : 3774 COMPOSITE RVALUE -
EXISTING R-VALUE ) 4| EXISTING R-YALUE
R-VALUE ADDED BY RETROFIT 32.59 ||+ | R-VALUE ADDED BY RETROFIT
RETROFIT CONSTRUCTION COSTS RETROFIT CONSTRUCTION COSTS N
MAT'LS [ LABOR [TOTAL . MATLS [LABOR | TOTAL
MATERIALS LIST . COST cOST COST -MATERIALS LIST COST cosT coST
BLOWN CELLULOSE C 57.60 VAPOR BARRIER & SEALANT 24.00
VAPOR PARRIER £ SEALANT - | 2400 CTYVEKS T 192
"TYVEX " - 1.92 LARSEN TRUSS 94 .
LARSEN TRUSS ‘ @g 52 3594 7'" FIBERGLASS BATT 26.24 8.00 34.24
3" FIBERGLASS BA (21AvERS] 2580, 024 1584 3Y;" FIBERGLASS BATT 12.80 5.12 1792
NEW %" SiDING . 4352 25.60 69.12 New 3" siDING ] < .12
[
TOTAL CONSTRUCTION COST 22442 TOTAL CONSTRUCTION COST 187.14
| TOTAL PRICE (COST + MARK-UP) | 28053 ]| | (OTAL PRICE (COST + MARK-UP) , | 2!325 |
W CONsTRUCTION COSTPERSQ.FT. [ 238 ) [CoONSTRUCTION cOsT PERSQ. FT. YT |
$R — SQ. FT. — | 0.120] | SR — SO\FT. . > [ ol
\ N

\ ) ' “'5 25\



N

<

E.F.6

-

A

Wood Frame Wall And Siding, 7

E.F.5 Wood Frame Wall And Siding, 7"
_ Curtain Wall, New Wood Exterior Curtain Wall, 2" Polystyrene. New
- % Siding - Wid Exterior Siding
X X
* —— --

P
> 9
o _

£ Q’ﬂ T

, = '
"‘;,‘
*’"41
-2
L @ase
. [ Y <

o~

W <SP w
SO
- )
?' 9q. . v

) = ‘

composTE "¢ R-VALUES THROUGH MAT'LS IN COMPOSITE R-VALUES THROUGH MAT'LS IN

| R-VALUES HEAT FLOW PATHS AT: . R-VALUES HEAT FLOW PATHS AT:
/ J WW | XX Y-Y ZZ W-W X-X YY ZZ
/| MATERIALS PLATES |oip 5TVRS |New stups| INSUL MATERIALS A |PLATES [oLp sTuos [NEW STups| INSUL

AR FILMS 095 (P®> | 093 | 093 AIR FILMS 093 | 093 [T 093 | 093

EXNSTING 2*4 5TUDS 500 | oo | 1ol | Lol EXISTING 2x4 STUDS AT 16"0.c.| 5.00 | 500 | 1o | Lol

LATH AND PLASTER 0.20 0.20 020 0.20 LATH AND PLASTER oZ0 0.20 020 0.20

| vaPor BARRIER - - - - VAPOR BARRIER —E - - -
EXISTING ¥4 SHEATHING 094 | 0.94 0.94 | 094 EXISTING %" SHEATHING 094 | 094 | 094 [,094

TEXISTING 4" SIDING 0.8l 0.81 ost | o8I EXISTING Y2" SIDING 0.81 0.81 0.81 0.8\
BUILDING PAPER. - - ~ - 2Yy" FIBERGLASS BATT(Z2LAYERS)l - 2219 | 1o [ 2249
2% FJBERGLASS BATT(2LAYERS)| - 2249 | 1o | 22.19 2"T¢G. POLYSTYRENE 800 | 800 | 800 | 8.00
2x4 URTAIN FRAMING 160c | 876 - 4.38 - 2%4- CURTAIN FRAMING 24"0.C.| 8:76 - 4.8 -

AINew 2" SIDING oal osl | 08l | osl NEW Y%" SIDING ~o08 | 08l | 08t | 08}

TOTAL R-VALUE 1745 | 2088 | 2018 | 2689 TOTAL-R-VALUE 2545 | 2888 | 28.1% | 24.89

FOTAL U-VALUE 0057 | 0.0% | ao50 | 0037 TOTAL U-VALUE 0.039 | 0.026 | 0.03% | 0.029

FRAMING CORRECTION 0.047 | 0.089 | 0.060 | 0.804 FRAMING CORRECTION 0.047 | 0.089 | 0.060 | 0.804

TOT. U X FRAMING COR.  [0.0027 [0.0029 | 0-00306|0.0299 TOT. U X FRAMING COR.  [0.0018 |0.0023(0.002! [0.0230

COMPOSITE U-VALUE COMPOSITE U-VALUE 0.0292

COMPOSITE R-VALUE COMPOSITE R-VALUE 2

EXISTING R-VALUE EXISTING R-VALUE _ 4.

R-VALUE ADDED BY RETROFIT R-VALUE ADDED BY RETROFIT 10

RETROFIT CONSTRUCTION COSTS ‘ RETROFIT CONS?RUCTION COSTS -
MAT'LS | LABOR TOTAL MAT'LS | LABOR TOTAL

MATERIALS LIST COST cosT COST -MATERIALS LIST COST GOST COST

2x4 CURTAIN FRAMING 2184 |, 12.68 35.52 Z%4 CURTAIN FRAMING 21.84 15.68 2552

VAPOR BARRIER 542 8.40 1%.82 VAPOR BARRIER 542 8.40 13.82
%'/y  FIBERGLASS BATT (ZLAYERS]  23.04 15.%6 38.40 32" FIBERGLASS BATT (2LAYERS)  23.04 15.% 28.40

BUIL.DING’ PAPER .66 4.10 5.76 2" T8G. POLYSTYRENE 26.88 121k 39.04

NEW 12" SIDING 92.16 NEW 4" SIDING ' 92.16

A S/ '
_(

FOTAL CONSTRUCTION COST. 185.66 TOTAL CONSTRUCTION COST 18.94
[FoTAL PRICE (COST+ MARKUP) [ 25208 ] [TOTAL PRICE (COST+ MARK-UP)
| cONSTRUCTION COST PER SQ. FT. | 262 1 | CONSTRUCTION COST PER SQ. FT. [ 1Z§ ﬂ

$/R — SQ. FT. - —» | 0.6 $/R — SQ. FT. » [ 0142

v

Q 50‘
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E.F.7

Exterior Sidi

o

Wood Frame Wall ANd Siding, 7~
* Curtain Wall, 1 Thermax, New Wood

ng

i.M.1 Masonry Wall, 3 Insulwal On Interior

. . 1 4
L
I X
n i
a
i
] .
COMPOSITE " | R-VALUES THROUGH MAT'LS IN | | COMPOSIE «R-VALUES THROUGH MATLS IN |
R:VALUES . HEAT FLOW PATHS AT: / R-VALUES HEAT FLOW PATHS AT:
W-W_ | XX VY 7z _ ERIALS WW | XX VY 2z
MATERIALS PLATES |OLD STUDS [NEW SToDs| INSUL . MATERIA - -
AIR FILMS 093 [ 093 | 093 | 0.93 AIR FILMS ot 0.93
[MXISTING 2x4 STUPS AT I6'0C | 500 | 5.00 1.0/ 1.of EXISTING 12" BRICK { o 2.4D
LATH AND PLASTER #0020 | 020 | o020 | o020 2" INSULWAL 22.67
VAPOR BARRIER - - - -,
EXISTING %4 FHEATHING 094 | 094 | 094 [-094 r
EXISTING /2'/SIDING o8 | o8l | 08l | 08 ) )
3'/,” FIBERGLASS BATT (2 LAvErs)| - 22,19 | 1o | 22.9 o
1" THERMA X . 8.00 | 8oo| Boo| 8.00
24 CURTAIN FRAMING 0c[.8.76 | - °| 428 | --
NEW 2" SIDING 0.8l 08! 0.8 0.81
i Ja
TOTAL R-VALUE 2545| 28.88| 2818 | 24.89 TOTAL R-VALUE 1 '2¢.00
TOTAL U-VALUE 0.039 | 0.026 | 0,035 | 0.029 TOTAL U-VALUE . 0.0385
FRAMING CORRECTION 0.047| 0.089 | 0.060 | 0.804 FRAMING CORRECTION 1.0
TOT. U X FRAMING COR.  |0.0018 | 0.0023| 0.0021|0.023%0 [ TOT- U X FRAMING COR. 00,385
"COMPOSITE U-VALUE _ 0.0292 COMPOSITE U-VALUE
COMPOSITE R-VALUE 24,25 COMPOSITE R-VALUE y SAY
EXISTING R-VALUE ) EXISTING R-VALUE
R-VALUE ADDED BY RETROFIT 30.10 R-VALUE ADDED BY RETROFIT
RETROFIT CONSTRUCTION COSTS RETROFIT CONSTRUCTION COSTS N
MAT'LS | LABOR | TOTAL. MAT'LS | LABOR | TOTAL
_MATERIALS UST COST cosT COST MATERIALS LIST L COST CoST COST
274 CHTAIN FRAMING | 21.84 | 12.68 ,| 3552 3" INSULWAL 103.94
VAPOR BARRIER : 542 849 | 82 ' \ L,
3Y2 FIBERGLASS BATT(2LAYERS)  23.04 | 15.36 38.40 ] )
1” THERMAX 30.72 1210 42 88
NEW /4" SIDING 92.16 .
TOTAL CONSTRUCTION COST 222.74 TOTAL-CONSTRUCTION COST - 103 "iﬂ
| TOTAL PRICE (COST + MARK-UP) [[278.48] [TOTAL PRICE (COST + MARK-UP) 129,
| CONSTRUCTION COST PER SQ. FT. [ 435 1 | CONSTRUCTION COST PER SQ. FJ, _ 2203 J
$/R — SQ. FT. » o.145 $R —~ SQ. FT. ' > [ 08,090

<
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1.M.2 Masonry Wall, 2% Thermax On I.M.3 Masonry Wallr 6" étripit On Interior

Interior .

I%J m.; ; I ) sy
- Wgz"; 57 i ) <
D X o { X
> £ ‘ D g
I‘: &'." . -
ﬁﬁw i
Y v ] }
d‘ 3%y
—— - s 7 48 j
COMPOSITE _ R-VALUES THROUGH MAT'LS IN COMPOSITE R-VALUES THROUGH MAT'LS IN
R-VALUES HEAT FLOW PATHS AT: R-VALUES - : HEAT FLOW PATHS AT: -
N wW-W XX ] YY | ZZ . W-Ww | XX Y-Y ZZ
MATERIALS RAILERS | 1NSUL. MATERIALS ' INSUL. | NAILERS
AR FILMS 09% a.%3% AIR FILMS -1 093 093 )
EXISTING 12¥ BRICK \ 240 | 240 EXISTING 12" BRICK P | z40 .| 240
THERMAX (ZLAYERS - "+ { LAYER- 34 16.00 | 22.00 2" POLYSTYRENE STRIPIT (2 LAYERS) 2400 | 2000 | -
3 x 12" NAILER 0.94 - : VAPOR BARRIER . - -
VAPOR "BARRIER - - Yo" % 1/1' NAILERS AT 24°0.c. - 1.25 :
V" SHEETROCK 045 | 045 . /2" SHEETROCK ) 0495 | 0.45
.
g -
TOTAL R-VALUE 2072 | 2578, TOTAL R-VALUE ' 2178 | 25.0%
TOTAL U-VALUE 0.0483| 0.0%88 TPTAL U-VALUE - . " | o036 | coso
FRAMING CORRECTION Jo.110 | 0.8% FRAMING CORRECTION 0937 | 0.06%
TOT. U X FRAMING COR. V0.0053 10,0345 TOT. U X FRAMING COR. 0.0337 [0.0025 | -
COMPOSITE U-VALUE i COMPOSITE U-VALUE - 0.0362
COMPOSITE R-VALUE B - COMPOSITE R-VALUE ) 7.62
EXISTING R-VALUE ‘ : EXISTING R-VALUE ' ]
R-VALUE ADDED BY RETROFIT . R-VALUE ADDED BY RETROFIT 24.29
RETROFIT CONSTRUC%ON COSTS . ' RETROFIT CONSTRUCTION COSTS
MAT'LS LABOR TOTAL . MAT’LS LABOR TOTAL
" THERMAX (2 LAYERS) 5248 | 2176 74.24 3" POLYSTYRENE STRIPIT (2 LAYERS)|  64.00 22 ag8.2»2
13/4" THERMAX (1 LAYER) [~ 20.48 | 1088 2136 | VAPOR BARRIER 542 8.40 13.82 ,
Ya"x 12" NAILERS 2,24 9.92 12.16 ‘2" SHEETROCK - - 48.04
VAPOR BARRIER | 13,82 : X /
| " sHEETROCK - ] A8.64 ’
- R
—
TOTAL CONSTRUCTION COST 18022 TOTAL CONSTRUCTION COST . 150.
| TOTAL PRICE (COST + MARK-UP) [ 22528 ] | TOTAL PRICE (COST+ MARK-UP) [ _i8a.48 |
CONSTRUCTION COST PER SQ. FT.. ~ . 3,92 [ CONSTRUCTION COST PER SQ’ FT. - [ 294 1}
. =
$/IR —'SQ. FT. - > [ o.l62 $IR — SQ. FT. > o2l ] ~




RETROFIT CONSTRUCTION COSTS RETROFIT CONSTRUCTION COSTS
MAT'LS | LABOR | TOTAL : MAT'LS [ LABOR TOTAL
MATERIALS LIST, COST cOST COST MATERIALS LIST COST cost '+ | cost
2x4 FRAMING “1R6.24 28.16 54.40 2x4 FRAMING 26.24 28.16 54.40
3Y," FIBERGLASS BATT .52 7.68 19.20 3/ FIBERGLASS PATT(2-LAYER)| 23.04 15.26 '38.40 . |
VAPOR BPARRIER 542 8.40 13.82 VAPOR BARRIER 542 | .8.40 1282 .
2" SHEETROCK 43.04 2" SHEETROCK s 40.04 |-
!‘; o - ? "
A -1 .
Y v o
TOTAL CONSTRUCTION COST ’ | 1%6.06 ] [TovaL consTrucTiON cosT ] 155,26 |-
| TOTAL PRICE (COST + MARK-UP) [170.08 ] . | TOTAL PRICE (COST + MARK-UP) (194081 -
"~ [ CONSTRUCTION COST PER SQ. FT. [ 2:06 | | CONSTRUCTION COST PER SQ, FT. 3.0
$/IR — SQ. FT. » | 0257 $/R — SQ. FT. — - » | . 0.MO
o ta . _ - # ( 53
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i.M.4 Masonry Wall, Interior Wood I.M.5 Masonry Wall, Interior Wood
. Framing. 3" Fiberglass Batt Framing, 7" Fiberglass Batt
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COMPOSITE * | RVALUES THROUGH MAT'LS IN [ compoOSITE : R-VALUES THROUGH MAT’
R-VALUES HEAT FLOW PATHS AT: - R-VALUES * | HEAT FLOW PATHS AT: ¥
z WW | XX | AY Z:Z T WwW [ XX Y-Y ZZ
"MATERIALS PLATES |NEw stups | INSUL. MATERIALS PLATES | iNsUL |NEW sup3 .
AR FILMS . 093 093 0.93 AIR FILMS . 0.9’3‘ 09% 0.93
EXISTING 127 BRICK 240 | 240 | 240 EXISTING 127 BRICK 240 | -240] 2.40
2x4 STUDS AT 24"0.c 438 | 438 - 2x4 5TUDS AT 24"0.C, 428 | -~ - . | 4.28
372" FIBERGLASS BATT - % 11.10 137" FIBERGLASS BATT(2LAYERS)| 11.10 | 22.19 | Ji.l0
VAPOR BARRIER - - - VAPOR BARRIER - - .
12" SHEETROCK ‘045 | 045 | 045 /2" SHEETROCK 045 | o045 | 045
-
- ~
TOTAL R-VALUE Blo | 8.0 | 1488 " TOTAL R-VALUE 19.26 | 2597 | 19.26 .
TOTAL U-VALUE 0123 | 0423 | 0.067 TOTAL U-VALUE -~ 0.052 | 0039 | 0.052
FRAMING CORRECTION 0.047.| 0.060 | 0.893 FRAMING CORRECTION 0.047 | 08934 ©.060
TOT. U X FRAMING COR. | 0.0058 [ 0.0074 | 0.060 TOT. U X FRAMING COR. | 0.0024 [0.0344| 0.0031 .

COMPOSITE U-VALUE

COMPOSITE R-VALUE

EXISTING R-VALUE

R-VALUE ADDED BY RETROFIT ~

COMPOSITE ‘U-VALUE

COMPOSITE R-VALUE

EXISTING R-VALUE

R-VALUE ADDED BY RETROFIT

IToxt Provided by ERI N

\



l.M.6

Masonry Wall, Interior Wood

Framing. 11" Fiberglass Batt
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I.F.1

g Wood Frame Wall And Siding. Blown

" Cellulose. 14" Insulwal On Interior

(RN

R-VALUES THROUGH MAT'LS IN

COMPOSITE COMPOSITE R-VALUES THROUGH MAT'LS IN

R-VALUES HEAT FLOW PATHS AT: R-VALUES HEAT FLOW PATHS AT:

W-W_ | XX VY ZZ L WW | XX | YY | 22

MATER|A|;3 PLATES | 1NSuL  [NEW 5TUDS MATERIALS INSUL. |0LD 5TUDS

AR FILMS ,093 | 093 | 093 AR FILMS 093 | 093

EXISTING 12" BRICK. 240 | 240 | 240 EXISTING >4’ SHEATA.{ /2 'SIDING 1.75 1.75

2x4 STUDS AT 24 0cC. | 4.38 ~ 4,38 EXISTING 2x4 &TUDS AT 1670.C. - 5 00

6‘/2” F’BERS' 555 bA'rT - ‘l.'o gy o bLOWN CELLULOSE - lbOO -

7'/2" FIBERGLARS BATT 2278 | 2378 | 2>78 LATH AND PLASTER 080 | 020

VAPOR BARRIE - - - 172" INSULWAL 10.40 | 10.40

/2" SHEETROCK 045 | o045 | 045

3
vl\
< 4 r )

FOTAL R-VALUE 3).94 | 38.66 | 3194 TOTAL ‘R-VALUE - 29.28 | 1828

TOTAL U-VALUE cod | 0026 | 0.03 TOTAL U-VALUE - | 0.034| 0055

FRAMING CQRRECTION 0.047 | 0893 | 0060 [ | FRAMING CORRECTION 0.864 | 0.136

TOT.-U X FRAMING COR. "|0.0015 | 0.0231 | 0.0019 | TOT. U X FRAMING COR. 00295 | 0.0074

COMPOSITE U-VALUE 0.0265 COMPOSITE U-VALUE ’ 0.0369

"COMPOSITE R-VALUE . 7.74 COMPOSITE R-VALUE 10

EXISTING R-VALUE 3.3 EXISTING R-VALUE 4.

R-VALUE ADDED BY RETROFIT »4.41 R-VALUE ADDED BY RETROFIT 22.95

RETROFIT CONBTRUCTION COSTS , RETROFIT CONSTRUCTION COSTS

MATERIALS LIST i é‘:,%?" QAL 1 . | matemiaLs usT Moar> | LABOR | TOTAL

2x4 FRAMING 2624 28.16 54.40 BLOWN CELLULOSXE 3072

7'4" FIBERGLASS BATT 2024 8.00 3424 1%/2" INSULWAL 78.08

|24 FIBERGLASS BATT 11.52 7.68 19.20 : . '

VAPOR BARRIER 542 8.40 1382 - d’ =

/1" SHEETROCK 48,64

“ \ b -
. - :
. - s . W T : .
* A -* \ ) .

TOTAL CONSTRUCTION COSY_ ) "N 170.30 TOTAL CONSTRUCTION COST 108.80 {
[ToTAL PRICE (COST + MARK-UP) 4@% | TOTAL PRICE (COST + MARK-UP) ,00
[ conNsTRUETION COST PER SQ. FT. L 3. ~ | CONSTRUCTION COST PER SQ. FT. ' L2131

» | 0097 § |$®M—sQ. FT > [ 0.09%

¥

5%




I.F.2 Wood Frame Wall And Siding. Blown  L.F.3 - Wood Frame Wall And Siding. Blown
: Cellulose. 3 Stripit On Interior _ Cellulose, 1" Thermax On Interior
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COMPOSITE R-VALUES THROUGH MAT'LS IN COMPOSITE R-VALUES THROUGH MAT'LS IN
R-VALUES | HEAT FLOW PATHS AT; . R-VALUES HEAT FLOW PATHS AT:" .
' w-w [ XX ‘Y-Y ZZ W-W X-X Y-Y ZZ
MATERIALS . PLATE S INSUL . |0LD STUDS | NAILER MATERIALS PLATES |OLD Sﬂ)gs INSUL.,
AIR FTMS 093 | 093 | 093 | 093 AIR_FILMS 093 | 093 | 093
EXISTING % ISHEATH € /4"SIDING | 1.75 | 1.75 175 1,75 |l STING */4 SHEAT™H £ 2" SIDING | 175 75 | Il
EXISTING 2x4 5TUDS AT 16°0.C | 5.00 - 5.00 - EXISTING 2%4 STUDS AT Ib'0.c.| 5.00 5.00 -
BLOWN (CELLULOSE - 1600 - 16.00 BLOWN CELLULOSE - - 16.00
LATH AND PLASTER 0.20 020 | ©0.20| o020 LLATH AND PLASTER 0.20 020 0.20
. 3" POLYSTY RENE STRIPIT 12.00 | 12.00} 12.00 | 10.00 VAPOR .BARRIER . - = - .
NAILERS - - - 0.63 |” THERMAX - 8.00 | 8.00| 800 ,
VAPOR BARRIER R - - V2" SHEETROCK 0.45 | 045 | 045
/2" SHEETROCK 0.4% | 045 | 045 | 045 .
TOTAL R-VALUE 2033 | 3133 | 2033 | 29.9¢ TOTAL R-VALUE 1633 | 1633 | 2733°
TOTAL U-VALUE ' 0.049| 0022 | 0.049| 0.033 ToTAL PVALUE 006l | 0.06! | ©.037
FRAMING CORRECTION 0.047 | 0804 | 0.089 | ©.060 FRANING CORRECTION 0.047 | 0.089| 0.864
TOT. U X FRAMING COR. 0.0023]10.0257 |0.0044|0.0020 TOT.U X FRAMING COR. 0.0029[0.0055|0.0316 ]
COMPOSITE U-VALUE 00,0344 COMPOSITE U-VALUE ‘ 9.040
COMPOSITE R-VALUE 29.07 COMPOSITE R-VALUE 25.00°
"EXISTING R-VALUE - : 4. EXISTING R-VALUE - : 4|
R-VALUE ADDED BY RETROFIT 92 ] R-VALUE ADDED BY RETROFIT 0.85 |
RETROFIT CONSTRUCTION COSTS RETROFIT CONSTRUCTION COSTS
MAT'LS | LABOR TOTAL ‘ MAT'LS LABOR TOTAL
MATERIALS LIST : COST COST COST - MATERIALS LIST COST GOST COST
BLOWN CELLULOSE 30.72 - BLOWN CELLULOSE . 30.72
3" POLYSTYRENE STRIPIT 22,00 12.16 44.16 1" THERMAX 26.24 | 10.88 37.12
VAPOR BARRIER 542 840 | 1382 VAPOR BARRIER 542 8.40 13.82
/2" SHEETROCK, - .- 48.64 /2" SHEETROCK 48.04
>
TOTAL CONSTRUCTION COST 137. TO ONSTRUCTION COST 130.20
[ TOTAL PRICE (COST+ MARK-UP) ~ . [ 17168 ] [TOTAL PRICE (COST + MARK-UP) [1e233]
| CONSTRUCTION COST PER SQ. FT. i |_Z68 1 [ CONSTRUCTION COST PER SQ. FT. 2341
$/R — SQ. FT. _ » | 0.108 $/R — SQ. FT. > | o122 ]

D8 ‘ $o




I.F.4 - Wood Frame Wall And Siding. 8lown  LF.5 Wood Frame Wall And Siding. Blown

Cellulose. Interior Wood Framing. Cellulose. Interior Wood Framing,
34" Fiberglass Batt - 34" Fiberglass Batt And 3 Stripit
x - =~

0
R

W

a Y . ‘ ¢ : {

K

i

SN,

"

3
[_—>' s LN« l—);

3 )
COMPOSITE R-VALUES THROUGH MAT'LS IN~ COMPOSITE R-VALUES THROUGH MIAT'LS IN
R-VALUES HEAT FLOW PATHS AT: R-VALUES HEAT FLOW PATHS AT:
W-W X-X Y-Y p 4 W-W X-X Y-Y Z-Z
MATERIALS PLATES |NEW 5TYP3|0D sTUDS | INSUL MATERIALS PLATES [0LD STUDS [new S1Uns| INSUL .
AIR FILMS ’ 093 | 093 0.93 0.93 AIR FILMS 0.93 093 093 | 0.9»
EXISTING Y3 SHEATH.L /7 510ING | 1.75 .75 1.75 1.75 EXISTING 3/, SHEATH E 2" S10ING | 175 175 175 175
EXISTING 2x4 STUDS AT Woc| 5.00 - 5.00 - EXISTING 2x4 STUDS AT I670.C. | 5.00 5,00 - -
BLOWNRELLULOSE - 16.00 - 16.00 BLOWN CELLULOSE - - 16.00 | 16.00
LLATH AND PLASTER 020 | 020 | 020 | 020 LATH ANO PLASTER 020 | 020 | 020 | o0.20
VAPOR BARRIER - - - - VAPOR PBARRIER - - - -
NEW 2x4 STUDS AT 24°0.Cc.| 4.%8 | 478 - - NEW 2x45TUDS AT 240.c| 4.%8 - 428 -
22" FIBERGLASS BATT - - i.1o It.10 2% FIBERGLASS BATT So- 110 - .10
/1" SHEETROCK 0.45 045 | 045 | 045 2" POLYSTYRENE STRIPIT 12,00 | 1200 n.00 | 12.00
1/2" SHEETROCK _ 045 | 0as | o.45 | o045
TOTAL R-VALUE - 1271 | 2371 19,43 30.43 TOTAL R-VALUE 2471 | 3143 | 3571 | 42.43
TOTAL U.VALUE 0079 | 0.042| 0.05]1 | 0.033 TOTAL U-VALUE 0.040 | 0032 | 0.028 | ©.024
FRAMING CORRECTION 0.047 | 0.060| 0,089 | 0.804 FRAMING CORRECTION 0.047 | 0.089 | 0.060 | 0804
TOT. U X FRAMING COR. 0.0037 [0,0025[0,0046 [0.0264 TOT. U X FRAMING COR. 0.0019 [0.0028] 0.0017[0.9189
COMPOSITE U-VALUE 0.0372 COMPOSITE U-VALUE - 0,0253
COMPOSITE R-VALUE 26.88 || < | COMPOSITE R-VALUE - 39.53
EXSTING R-VALUE 15 EXISTING R-VALUE 4.1
R-VALUE ADDED BY RETROFIT - . 22.73 R-VALUE ADDED BY RETROFIT
RETROFIT CONSTRUCTION COSTS # . RETROFIT CONSTRUCTION COSTS .
MAT'LS LABOR TOTAL MATLS [ LABOR TOTAL
MATERIALS LIST o | cost COST cosT MATERIALS LIST COST GOST COST
Z2x4 FRAMING 26.24 28.16 54.40 2x4 FRAMING - . 26.24 28.16 54,40
23'42" FIBERGLASS BATT .52 - 7.68 19.20 BLOWN CELLULOSE 30.72
VAPOR BARRIER, 542 840 13,82 22" FIBERGLASS PBATT 11.52 7.68 19,20
BPLOWN CELLULOSE . 3072 VAPOR BARRJER 5.42 8.40 13,82,
2" SHEETROCK. | 4864 3" POLYSTYRENE STRIPIT 242.00 2.1 4416
: - ) /2" SHEETROCK K 49.64
- “ .
_?_ *
_ : \ -
[} g . . N \
TOTAL CONSTRUCTION COST 166,78 TOTALYCONSTRUCTION COST 210.94
| TOTAL PRICE {COST + MARK-UP) ' [ 20948 ] | TOTAL RRICE (COST+ MARK-UP) [ 26368 §
[ consTRUCTION COST PER sQ. FT. ™ -~ | 326 & | CONSTRUCTION COST PER SQ. FT. [ 492 }
$/R — SQ. FT. - = | 0443 $/R — $BQ. FT. : — | 0.llb

-
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LF.6 Wood Frame Wall And Siding. Blown  LF.7 Wood Frame Wall And Siding. Blown

Cellulose, Interior Wood Framing, 7" Cellulose. Interior Wood Framing,
Fiberglass Batt 11" Fiberglass Batt
AN
s
/| composITE R-VALUES THROUGH MAT'LS IN COMPOSITE R-VALUES THROUGH MAT'LS IN
R-VALUES’ HEAT FLOW PATHS AT: R-VALUES HEAT FLOW PATHS AT:
W-W XX Y-Y zZ - W-W X-X Y-Y ZZ
MATERIALS ®[pLaTES 01D sTWOs [New sTUDS| INSUL. MATERIALS PLATES [oLo sTups|new sTups| 1NsuL.
AIR FILMS 093 - 093 093 Q93 AR FILMS 093 0.93 0.93 093
EXISTING % SHEATH § 4" SIDING | 1,75 1.75 .75 | 175 EXISTING Y4 SHEATH, £ /2 sioma| 175 1.75 1.75 1.75
EXSTING 74 STUDS AT 16'0.¢.| 500 | 500 - |- EXISTING Zx4 STUDS AT 160.C.| 500 | B5.00 | - -
BLOWN CELLULOSE - - 16.00 16.00 BLOWN CELLULOSE - - 16.00 | 16.00
LATH AND PLASTER 0.20 0.20 0.20 0,20 , LATH AND PLASTER 0.20 020 0.20 0,20
VAPOR BARRIER - - - - YAPOR BARRIER ' - - - -
| NEW Zx4 STUDS AT 24’0 4.38 - 1 438 - NEW Zx4 STUDS AT Z240.c,| 438 - 4.38 -
3/, TIBERGLASS BATT (2 LAYERS)| 1110 | 2219 | 1110 | 22.19 74" FIBERGLASS BATT 2378 | 2378 | 2378 | 23718
/2" SHEETROCK 0.45 045 | 045 | 045 37" FIBERGLASS BATT - 110 - i 1o
/2" SHEETROCK 045 | 045 | 045 | 045
| TOTAL R-VALUE 2381 | 3052 | 3481 | 4152 TOTAL R-VALUE 2649 | 422] | 4749 | 5421
TOTAL U-VALUE 0.042 | 0033 | 0029 | 0.024 . TOTAL U-VALUE 0.027 | 0.023 | 0.021 | 0.01&
FRAMING CORRECTION 0.047 | 0.089 | 0.060 | 0.BO4 FRAMING CORRECTION 0.47 | 0.089 | 0.060| 0.80¢
TOT. U X FRAMING COR. 0.0020{0.0029| 0.0017|0,0194 TOT. U X FRAMING COR. 0.001% | 0.00ZI | 0.0013|0.0148
COMPOSITE U-VALUE N 0.026 COMPOSITE U-VALUE 0.0l
COMPOSITE R-VALUE . 46 COMPOSITE R-VALUE - 1.2
EXISTING R-VALUE 4,1 EXISTING R-VALUE ,
R-VALUE ADDED BY RETROFIT kY R-VALUE ADDED BY RETROFIT ) 7.
RETROFIT CONSTRUCTION COSTS ‘RETROFIT CONSTRUCTION COSTS
MATERIALS LIST oer> | LRBOR ) TOLA MATERIALS LIST Mosr> | LABOR | TOTAL
"2%4 FRAMING 26.24 28.1¢6 54.40 2x4 FRAMING 2624 28.16 54 40
BLOWN CELLULOSE | 3072 BLOWN CELLULOSE 1 30,72
32" FIDERGLASS BATT(2LAYERS)| 23.04 1536 |* %8.40 772" FIBERGLASS BATT 26.24 800 | 3424
YAPOR BARRIER 542 B8:40 18.82 Y2” FIBERGLASS BATT 11.52 7.68 19.20
'/2" SHEETROCK 48. 64 VAPOR BARRIER 542 8.40 13.82
. /2" SHEETROCK . o 48.64
' —
A _ : . —
TOTAL CONSTRUCTION COST ' 185,98 TOTAL CONSTRUCTION COST N 1:02
[ TOTAL PRICE (COST + MARK-UP) ] T 25248 ) | TOTAL PRICE (COST + MARK-UP) [ 251.28 §
" [ CONSTRUCTION COST PER SQ. FT. . [__3.6> 1 | CONSTRUCTION COST PER $Q. FT. _ 2951
$/IR — SQ. FT. > 0,106 $/R — SQ. QT. 3 | 0,08%

¢ »
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I.F.8 Wood Frame Wall And Siding. 1.LF.9 Wood Frame Wall And Siding, Blown

Interior Wood Framing. 11~ Cellutose, Interior Wood Framing.
Fiberglass Batt 74" Fiberglass Batt
LY
s 8 1 x
’ Q)‘ g N T /
= ¥ /
. - . /
' ! 2&% e : Y
’ [ - X
= oy S (IR N
. q'; A :
' “’.‘ - '}Gu"“: '. z .
N il ?«{%‘Q’ I '
W ' .4 w ;» (i W M
*.‘4 A ' 1 '
Vi e ; -
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COMPOSITE R-VALUES THROUGH MAT'LS IN COMPOSITE R-VALUES THROUGH MAT'LS IN
R-VALUES HEAT FLOW PATHS AT: R-VALUES HEAT FLOW PATHS AT:
WW [ XX oY ZZ WW [ XX YY ZZ
MATFR'ALS PLATED JOLD STUPSINEW STUOY INSUL. l/ﬂATERIALS ‘ PLATES |oup sTups |[NEw sTood/ INSUL.
AIR FILMS 093 | 093 | 093 | 093 T—F AIR FILMS o 0.9% | 093 | 093 | 093
EXISTING Y4 SHEATH § 4"S1DING | V.75 .75 1L.75 1.75 EXISTING Y4 SHEATH £ Y1 SIDING | |75 .75 1.75 175
EXISTING 2x4 3TUDS AT 60| 5.00 | 5.00 | 1.0l 1.0l LEXISTING 2x4- 5TUDS AT 16’00 BeQ | 500 - -
| LATH AND PLASTER 020 | 020 | 0.20 | 0.20 BLOWN CELLULOSE - N - 16.09 | 16.00
VAPOR BARRIER - - - - LATH AND PLASTER 020 | g.zo | o.z0 | ©0.20
NEW 2x4 5TuPs AT 24°oc.| 4 38 - 4.%8 - POR BARRIER - - - -
7'/ FIBERGLASS BATT 2378 | 2378 | 2378 | 2378 IPNEW 2x4 5TYDS AT 240c.| 438 - 438 -
3" FIBERGLASS BATT | - 110 - .10 77" FIBERGLASS PATT - 2578 | 1268 | 23,78
l/o" SHEETROCK 0.45 | 045 | ©O45 | 045 /2" SHEETROCK 045 | 045 | 045 | o045
. | :
TOTAL R-VALUE 3649 | 432]| 32.50] 39.22 TOTAL R-VALUE 1270 | 2211 | 3639 | 43,
TOTAL U-VALUE 0.027 | 0.02%| 0.03} | 0.025 TOTAL U-VALUE 2 .|0.079 0031 | 0027|0023
FRAMING CORRECTION 0.047 | 0.089 | 0.060| 0.804 | | FRAMING CORRECTION . 10.047 | 0.089} ©.060| 0.804 X
TOT. UX FRAMING COR.  |0.0013 | 0.0021|0.0018 |0.0200 TOT. U X FRAMING COR.  [0.0037 [0.0028{0.0016|0.0186
COMPOSITE U-VALUE g 0.0252 COMPOSITE U-VALUE .
COMPOSITE R-VALUE .68 - COMPOSITE R.VALUE
EXISTING R-VALUE 1 EXISTING R-VALUE
"R-VALUE ADDED BY RETROFIT 35, - | R-VALUE ADDED BY RETROFIT
RETROFIT CONSTRUCTION COSTS RETROFIT CONSTRUCTION COSTS
MATERIALS LIST | MAerS | LABOR ) o MATERIALS LIST  ° eS| LABOR | Ot
2x4 FRAMING 26.24 26.16 54.40 2x4 FRAMING - 2624 28.16 54 .40
7/ FIBERGLASS BATT 26.24 8.00 o34.24 PLOWN CELLULOZE 30.72,
2" FIBERGLASS BATT .52 7.68 19.20 74" FIBERGLASS BATT 26.24 |* 8.00 ad 24
VAPOR BARRIER 1 54z 8,40 13.82 VAPOR PARRIER 542 8.40 13.82
/4" SHEETROCK. | 4864 /" oneefRock - AB.64
’ e
c ﬁ\
. ’ T . AN ! N
TOTAL CONSTRUCTION COST 130,30 TOTAL CONSTRUCTION COST | 181}.82 I »
" [TOTAL PRICE (COST+ MARK-UP) ) 212,88 TOTAL PRICE (6OST + MARK.UP) . N 22778 -
[ cONSTRUCTION COST PER 8Q. FT. ) : 225 ) . [CONSTRUCTION COST PER SQ. FT. =52
$/IR — SC FT. - - —> [ 009¢] |$R—sa.FT. » [ o107 ||
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od Frame Wall And Siding. Gut

-

I.LF.11

Wood Frale Wall And Siding. B{m{/’n

£

A

Rekab, 7/ Interior Wood Framing, Cellulose 3" Insulwal On Interior
%'(' Ftberglass Batt o > :
A e )
~
A\ 7 ’
. 1.
A
7 ,
W ; ‘ '
&
A a
W . ’/:\ r
; L} . - ' ’
COMPDSITE R-VALUES THROUGH MATLS IN - | | [COMPOSITE ~ T R-VALUES THROUGH MAT'LS IN
R-VALUES - HEAT FLOW PATHS AT: R-VALUES | 'HEAT FLOW PATHS AT:
W-W X-X Yy | zz ikﬁ i W-W X-X- »y Z2Z
MATERIALS PLATES |OLD STUDSINEW STUPSH INSUL RTERIALS PLATES | INSUL. |oLD 5Tv0s
AR FILMS 093 | 093 | 093 | ©93 AIR FILMS . 093 | 093 | 093
EXISTING Y4 SHEATH € /"510MG | .75 | 175 175 1.75 EXISTING Ya"sHEAT A ' siomg| .75 | 1715 | 1.15
EX1STING ZX4 STUDS AT 160¢| 500 | 5.00 - - E X15TING 2x4 STUDS AT lb'0¢.| 5.097| - 500 | .
37, FIBERGLASS BATT (3 LAYERs)| 1F10 | 22.19 | 22.19 | 3329 | / | BLOWN CELLULOSE - lieoo | -
VAPOR BARRIER I - - - / LATH AND PLASTER 020 | 0.20 | 020
NEW 2x4 sTuos AT 240c, | 438 | - . [ 438 | - 4 [ 2" INSULWAL " 22,67 | 22.47| 22.07
V2" GHEE.TROAK 045 | 045 | 045 | 0,45 | .
- " =
—— e \ i -
[ . _’i,/'
) | 4 : b
[ ToTAL R-VALUE $2361 | 2032 | 2970 | 2642 TOYTAL R-VALUE 30.55 | 41.55| 3055 .
TOTAL U-VALUE 0 042 | 0.0%3% | A034 | 0.027 TOTAL U-VALUE 0.03% | 0.024| 0.03%
FRAMING CORRECTION 0.047 | 0.089 | 0.060 |0.804 FRAMING CORRECTION | 0.047 | 0.864| 0.089
TOT. U X FRAMING COR.  |0.0020|0.0029 | 0.0020]0.0221 "TOT. U X FRAMING COR. 0.0015 | 0.0208[0.0029]
COMPOSITE U-VALUE 0.0290 COMPOSITE U-VALUE 0.02%52 | ¢
COMPOSITE R-VALUE 34, COMPOSITE R-VALUE .6
EXISTING R-VALUE X , EXISTING R-VALUE 4.
R-VALUE ADDED BY RETROFIT 30,33 R-VALUE ADDED BY RETROFIT 25.53
RETROFIT CONSTRUCTION COSTS RETROFIT CONSTRUCTION COSTS
MAT'LS [ LABOR TOTAL ' . MATLS | LABOR TOTAL
MATERIALS LIST COST cOST CoST MATERIALS LIST cOST coST CcOST
LATH ¢ PLASTER DEMOLITION . 10.88 BLOWN CELLULOSE o 30.72
NEW 2x4 FRAMING 26.24 28,16 54.40 3”7 |NSULWAL ' 103,94
DYz " FIBERGLASS BATT(3LATERS] 3456 | 232.04 | 5760
VAPOR BARRIER 5,42 8.4-0 13.82 1
/2" SHEETRO(K ' 48.64
) [ 3
- . n <
N N ‘ # R . <
TOTAL CONSTRUCTION COST ' 185,34 TOTAL CONSTRUCTION COST - 154,
[TOTAL PRICE (COST+ MARK-UP) - - 25168 [TovAL PRICE (COST+ MARK-UP) 68351 .
| CONSTRUCTION COST PER sQ. Ft. [ 262 ] [ CONSTRUCTION COST PER SQ. FT, [ 2.65 ]
$/R — SQ. FT. . > o.119 S/IR — SQ. FT. S o 0,074
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A.l1~ 12" Blawn Cellulose A.2 <f’)" Blown Cellulose
- AY
7 , "n
_Q“’ l
\ 4 .
A
LY
<%
. - ‘
COMPOSITE A-VALUES THROUGH MAT'LS IN COMPOSITE — "R-VALUES THROUGH MAT'LS IN
R-VALUES HEAT FLOW PATHS AT: R-VALUES HEAT FLOW PATHS AT:  » |
. W-w X-X _YY, Z-Z w-w .| XX Y-Y 22
MATERIALS JoisTs | INsuL. MATERIALS Jowsts | msuL
EXISTING CEILING JOISTS i 7.50 - EXISTING CEILING JOISTS 7506 -
LATH £ PLASTER 020 | 020 LATH AND PLASTER 020 | 020
12" BLOWN CELLULOSE 24.00 | 48,00 15 " BLLOWN CEXLULOSE 3600 | 60.00
VAPOR BARRIER - - . VAPOR BARRIER - el =
NEW Y1' SHEETROCK 045 | 0.45 NEW /2" SHEETROCK o4s | o¥5
AR FILMS w .22 122 L AIR FILMS 122" | 122
N ~ 9
. F b
T A -
- 1]
hat \—
( r ' . ‘ T
TOTAL R-VALUE /( 33137 | 49.87 7M» | ToTAL RVALUE 4537 | 6187
TOTAL U-VALUE ‘ 0.030 | 0.020 TOTAL U-VALUE 0022 | 0.016 |,
FRAMING CORRECTION ' 0.125 | 0.815 FRAMING CORRECTION 0.125 | 0.875
Tot. U X FRAMING COR. 0.0037]0.0175 TOT. U X FRAMING COR. 0.0028|0.0/4]
‘COMPOSITE U-VALUE 0.0212 COMPOSITE U-VALUE 0.016
COMPOSITE R-VALUE 717 COMPOSITE R-VALUE ' 17
EXISTING R-VALUE ) 1.22 EXISTING R-VALUE * 1.22
R-VALUE ADDED BY RETROFIT 459 d;yALUE'AoﬁED BY RETROFIT 57.95
RETROFIT CONSTRUCTION COSTS <. RETROFIT CONSTRUCTION COSTS i
WATLS [ bason - TTOTAC | [ waremais et ML et o
12" BLOWN CELLULOSE . 25.64 15" BLOWN CELLULOSE 41.%7
VAPOR BARRIER 542 8.40 13,82 VAPOR BARRIER 5.42 8.40 . 13.82
/2" SHEETROCK 48.64 V2" SHEETROCK TR Y £
~ 4 , -
) S .
H ;a_‘ i} BN g
. D . ; . : - - by l
TOTAL CONSTRUCTION COST TOTAL CONSTRUCTION COST 104.0%
{ TOTAL PRICE (COST + MARK-UP) | TOTAL PRICE (COST + MARK-UP) 130.
[ CONSTRUCTION COST PER SQ. FT. CONSTRUCTION COST PER SQ. FT. 20% ]
$IR — SQ. FT. f v $IRSQ. FT. R > | 0635 ]



C.1 314" Fiberglass Batt C.2 3" Fiberglass Batt, 3" Insulwal On <
Interior

<

Y ; \\ - Y

LY
i \
RN ) |
. . ! .'- .‘l’-,-’-!!n’-"'h".".“-"-’c ”‘-!“. ‘.' v AL 2 ALE LR & AN R -4 /‘)'.
. M OP T LA B UMW AITR (8440 (AT AR PN AW SRR iR GIY g‘
Y .
i X Y
P
COMPOSITE - R-VALUES THROUGH MAT'LS IN COMPOSITE R-VALUES THROUGH MAT'LS IN
R-VALUES - HEAT FLOW PATHS AT: R-VALUES HEAT FLOW PATHS AT:
W-W | XX YY ZZ WW | XX Y-Y 77
MATERIALS ' RAFTERS| INSUL . MATERIALS RAFTERS| INSUL.
EXISTING ROOF & AIR FILMS 9.9¢ | 2.46 EXISTING ROOF ¢ AIR FILMS 996 | 246
AL FIBERGLASS BATT | - 1n.to 32" FIBERGLASS BATT - i1t.10
VAPOR BARRIER - — 3 INSULwAL 22.67| 22.67
NEW 72" SHEETROCK. 0.45 | 0.45 . )
7
TOTAL R-VALUE 10.4) | 14.0]| TOTAL R-VALUE ' 32.63 | 3623 N
TOTAL U-VALUE 1 0.096 | 0.7 TQTAL U-VALUE 0.031 | 0.028
FRAMING CORRECTION , 0.083 | 0.917 FRAMING CORRECTION 0.08% | 0.917
TOT. U X FRAMING COR. 0.0080 | 0.0655 TOT. U X FRAMING COR. 0.0025/0.0253
COMPOSITE U-VALUE : 0,0735 COMPOSITE U-VALUE 0276
COMPOSITE R-VALUE 13.6') COMPOSITE R-VALUE 597
EXISTING R-VALUE ' o2 EXISTING R-VALUE N o2
R-VALUE ADDED BY RETROFIT {0, R-VALUE ADDED BY RETROFIT 3
RETROFIT CONSTRUCTION COSTS _ RETROFIT CONSTRUCTION COSTS
MATERIALS LIST MATLS LABOR | TOTAL MATERIALS LIST - NS | LABOR | TOTAL
372 FIBERGLASS BATT .52 7.68 | 19.20 22" FIDERGLASS BATT .52 768 19.20
VAPOR DARRIER , 5.42 8 40 13.82 5" INSULWAL 105.1 | 43.64 | 154.25
/2" SHEETROCK. 48.64
4
TOTAL CONSTRUCTION COST . TOTAL CONSTRUCTION COST 173,
* [TOTAL PRICE (COST + MARK-UP) [C1oZ708] [TOTAL PRICE (COST+ MARK-UP) [ zed]
[ cONSTRUCTION COST PER sa. FT. ; [ 139 ] [consTRucTiON cosT PER sQ. FT. ~ 3331
- i> | 0.0145] [sR—sa rT. > | 0.102 ]
7 ) 61
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- L£.3 Suspe‘ﬁded Ceiling. 32", 52", And R.1 New Rdd’(aming On Existing Roof,
w 7% Layered Fiberglass Batts 3n, %%, And 72" Layered
A ' | _ Fiberglass Batts
' - X Y -z

OO OO OO Y

JOL0OC

ﬁ( |

"

; x bY -7 \ad

COMPOSITE R-VALUES THROUGH MAT'LS,IN COMPOSITE ] R-VALUES THROUGH MAT'LS IN
R-VALUES HEAT FLOW PATHS AT: | R-VALUES HEAT FLOW PATHS AT:

W-W XX YY ZZ W-W X-X Y ZZ
. MATERIALS ) RAFTERS INSUL-. MATERIALS - |RAFTERS | STUD3 | PLATES | INSUL

EXISTING ROOF £ AIR FILMS | 996 246 EXISTING ROOF £AIR FiLM 996 | 246 | 246 | 2.46
3y PLYWOOD GUSSETS ' - - 2x4 CRIPPLE 3TUDS AT 240¢| - 12.507| - -

2x 4 HANGING RAFTERS 438 - 2%4 PLATES AT 24" 0.C. - - 2.50 -

312" 54" & 7/, FIBERGLASS PATTS 4853 | 5231 NEW 2x( RAPIERS AT 24'0c| 6.88 - - -
VAPOR BARRIER 1 - - - VAPOR BARRIER ™ - - - -
NEW /2" SHEETROCK ,045 | 045 2'/2" FIDERGLASS BATT - Ale] 1o | -1110

5%" ¢ 7)," FIBERGLASS BATTS | 41.21 - 3170 | 4121

NEW ROOFING £ ROOF DECK | 996 | 246 | 246 | 240
P FAIR FILM ' p
\ ) hd

TOTAL RVALUE 4332 | 5522 TOTAL R-VALUE 6801 | 2852 | 5022 | 57.23
TOTAL U-VALUE 0.02%| 0.018 TOTAL U-VALUE 0.015 [,0.035 | 0.020 | 0,017
FRAMING CORRECTION 0.06%] 0937 _ FRAMING CORRECTION ~ | ©.003 | 0.002 | 0.063 | 0.872
TOT. U X FRAMING COR. 0.0015[0.0170f" TOT. U X FRAMING COR.  [0.0009 | 0.0001|0.001% {0.0152
COMPOSITE U-VALUE j 0.0185 COMPOSITE U.VALUE . . [oot7s
COMPOSITE R-VALUE 4.05 COMPOSITE H-VALUE 57.1
EXISTING R-VALUE ) EXISTING R-VALUE ‘ 2.5
R-VALUE ADDED BY RETROFIT : 1.47 || | R-VALUE ADDED BY RETROFIT 54156

RETROFIT CONSTRUCTION COSTS ! RETROFIT CONSTRUCTION COSTS )

MATERIALS LIST MRS | KABOR | TOTAL MATERIALS LIST | MAEES | LABOR | TOTAL
33" PLYWOOD GUSSETS| 1.82 1.82 VAPOR BARRIER 5.42 8.40 1282
2x4 HANGING RAFTERS | 13.44 1344 | 26.88 2x4 CRIPPLE STUDS 3.04 336 | 640

2Y," FIBERQLASS BATT | (152 7.68 [9.20 2x4 PLATES 8.96 7.89 16.85

54" FIBERGLASS BATT 19.20 3832 2752 2x6 RAFTERS 19.84 19.20 39.04

7'2” FIBERGLASS BATT | 26.24 8322 | »4.56 34" FIBERGLASS BATT .52 7.68 19.20
VAPOR BARRIER 5.42 8.40 | 1582 5Y," FIBERGLASS BATT 19.20 832> | 2152
l/2¥ SHEETROCK . 48,64 7/2 FIBERGLASS BATT 20,24 8.32 34.56

i NEW ROOF DECK 52,05 | 32.43 8448
¢ \ ] . NEW ROOFING 238.06 13.72 51.78
. ~ . :
-4 Lol d o

TOTAL CONSTRUCTION COST.- )7 -] | TOTAL CONSTRUCTION COST : 293.65 |

[TOTAL PRICE (COST + MARK-UP) — [ 21532 ] [TOTALPRICE (COST+ MARK-UP) 26706 ]
| CONSTRUCTION COST PER SQ. FT. ‘ T 337 1 [CONSTRUCTION COST PER SQ. FT. L EZ: J
$/IR — SQ. FT. — : > | 0065 $IR — SQ. FT. —~ - | 0105

62 _ ’ | :
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¥
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. Y
32" Fiberglass Batt Between Floor F.2 92" Fiberglass Batt Between Floor
Joists ' ' Joists )
) , .
i .
' o
AN
& ’ -
- ‘ 3
COMPOSITE R-VALUES THROUGH MAT'LS IN COMPOSITE . R-VALUES THROUGH MAT'LS IN
R-VALUES HEAT FLOW RATHS AT: R-VALUES HEAT FLOW PATHS AT:
W-W X-X VY | @2 W-W X-X Y-Y ZZ_
MATERIALS id Jorsts | msuv | MATERIALS Joists | iNsuL.
AR FILMS .84 184 | AIR FILMS, .84 | 1.84
Ya~ HARDPOARD . 0.18 0.18 » '/4" HARDPBOARD 0.18 0.18
VAPOR BARRIER - - EXIST. % SUBFLOOR S ¥4 FIN FLR. 1.88 1.88
EXIST. %4 5ueFLooR £ Y4 FIN. FLR 1-88 188 ' EXIST 2x{0 JOISTS AT 6 0.C, (1.88 -
[ExI5T 2x10 301575 AT 1b%0.C. 6.25 - VAPOR BARRIER - | -
32 FIBERGLASS BATT - o | 9% " FIBERGLASS BATT - 30.12
* Yy :
TOTAL R-VALUE 015 | 1500 | TOTAL R-VALUE 1578 | 24.02 |
TOTAL U-VALUE .| 0.099 | 0.067 TOTAL U-VALUE 0.063 | 0.029
FRAMING CORRECTION 0.594 [ 0.906 FRAMING CORRECTION ook | 0,906
TOT. U X FRAMING COR. 0.0093 [0,0604 TOT. UX FRAMING COR. 0.0060]0,0266
COMPOSITE U-VALUE 0.0697 COMPOSITE U-VALUE, 0.0326
COMPOSITE R-VALUE 14.35 COMPOSITE R-VALUE . 30.67
EXISTING R-VALUE 2.92 "EXISTING R-VALUE . g ] . 2.9
R-VALUE ADDED BY RETROFIT i1.43 R-VALDE ADDED BY RETROFIT \ 775
RETROFIT CONSTRUCTION COSTS. RETROFIT CONSTRUCTION COSTS
MAT'LS | LABOR TOTAL : MAT'LS | LABOR TOTAL
MATERIALS LIST COST COST cosT MATERIALSBYST . COST COST COST
32 FIBERGLASS BATT 15,23 360 24.83 93 FIBERGLASS BATT .28 it.52 43 80
VAPOR BARRIER v 542 8.40 1¥sz VAPOR™ BARRIER 5.42 840 | .22
Ya " HARDBOARD 6.40 12.16 18,56 /4 " HARDBOARD 6.40 1216 18,56
i
] ' .
TOTAL CONSTRUCTION COST 21 TOTAL CONSTRUCTION COST j 76.18
{ TOTAL PRICE (COST+ MARK-UP) Sl | TOTAL PRICE (COST + MARK.UP) [ 35.23 |
S Ll ,
| CONSTRUCTION COST PER SQ. FT. [ 112 .1 | CONSTRUCTION COST PER SQ. FT. L 149
R -¥ *. o
$/R — SQ. FT. — - | 0098 | ..sm - SQ. 7. C » | 005
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F.3 2" Polystyrene/Strlpit On Top Of F(4‘/ 4" Ponstyrene/Strlpn On Top Of
Floor - Floor

nluulu IIIII l"'hu nl II lull'l"l
THLT I

'““'l' i |Inlll|hn|nn||u|'.ll"lll IhN ARt mlllulm

<\ X —Y -z
COMPOSITE R-VALUES THROUGH MAT'Ls{fN COMPOSITE ' R-VALUES THRQUGH MAT'LS IN
R-VALUES HEAT FLOW PATHS AT: - R-VALUES HEAT FLOW PATHS AT: -
- - W-W X-X YY /22 W-W X-X Y-Y ZZ
MATERIALS Jorats | ol Kearers MATERIALS Jo157s | v | NALERY.
AR FILMS [ r84 ] 184 [T184 AR FILMS .84 | 1.84 | 184
NEW /4" PLYWOOD SUBFLOOR 094 | 094 | 094 NEW 4" PLYWOOD SUBFLOOR 094 | 094 | 094
VAPOR BARRIER - - - | vAPOR BARRIER - - - =
2" POLYSTYRENE STRIPIT ©.00 B8.00 ».00 14" POLYSTYRENE STRIPIT 12.00 16.00 12,00
EXIST ¥4 SUBFLOOR £ %4 'RIN.FLR 1.88 1.88 | 1.88 EXIST, Y4 SUBFLOOR € %aFIN. FLR,| - 1.88 | .88 1.88
EXIST 2x10 Jo1STS AT 1670.C, 1.88 - - EXIST, 2X10 JOI5TS AT 16°0.C. 1.88 - -
NAILERS - 0O.63 - 0,63 NAILERS 0.b% ~ 0.6
A\J
B -
TOTAL R-VALUE 12.17 | 12.681] 10.66 TOTAL R-VALUE 19.17 | 20.66 | 1729
TOTAL u-vuue# 0.076 | 0,079 | 0.094 TOTAL U-VALUE 0.052 | 0.048]| 0.058
FRAMING CORRECTION 0.094 | 0.812 | 0.094 FRAMING CORRECTION 0094 | 0.812 | 0.094
TOT. U X FRAMING COR. - 0.007t [0.0641 |0.0088 TOT. U X FRAMING COR. 0.004910.0393|0.0054
COMPOSITE U-VALUE < 0,0800 COMPOSITE U-VALUE 0.0496
COMPOSITE R-VALUE - 12.50 COMPOSITE R-VALUE 0.16
EXISTING R-VALUE ) 2.92 EXISTING R-VALUE . w292
R-VALUE ADDED BY RETROFIT - . R-VALUE ADDED BY RETROFIT . O 17.24
- RETROFIT CONSTRUCTION COSTS RETROFIT CONSTRUCTION COSTS
MAT'LS LABOR TOTAL "MAT'LS LABOR TOTAL
MATERIALS LIST COST cosT COST MATERIALS LIST cosT CcOST CcOST
2" POLYSTYRENE STRIPIT 2176 12.16 3392 4" POLYSTYRENE STRIPIT A3 52 2432 67.84
VAPOR BARRIER 542 8.40 13.82 VAPOR BARRIER 542 8.4-0, 1%.82
NEW Y% PLYWOOD 3UBFLOOR 2456 12.80 4726 NEW 24" PLYWOOD SUBFLOOR | 3456 12.80 47.26
TOTAL CONSTRUCTION COST 510 JOTAL CONSTRUCTION COST 1290

rTOTA'L PRICE (COST + MARK-UP) F-IE 5 |< LToTAL PRICE (cos1’+ MARK-UP) | lel ZE |
| CONSTRYCTION COST PER SQ. FT. | CONSTRUCTION COST PER $Q. FT. | z !Z |

$/R — §Q. FT. — - o.l94 $/R — SQ. FT. — — | 0.146

84 - | | 672
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F.5  Sleepers On Top Of Floor, 34" B.1 7" Fiberglass Batt Inside Rirh Joist
Fiberglass Batt. New Subfloor o Perimeter. 2'" Blue Polystyrene
i ]
L
i'
- AU.‘U.:
' - . S 3
COMPOSITE . R-VALUES THROUGH MAT'LS IN COMPOSITE . R-VALUES THROUGH MAT'LS IN,
R-VALUES " | HEATSELOW PATHS AT: R-VALUES HEAT FLOW PATHS AT:
W-W ] XX YV [ 22 WW | XX | VY Z2Z
MATERIALS _ (" sceepars| iNqui. | Jorsts MATERIALS . JoisTs [DEINERN [FORDATON] - .
AIR FILMS ra4 | 184 | 1.84 2" POLYSTYRENE BLOCKING |, - 9600 | - T
NEW ¥3' PLYWOOD SUBFLOOR ¥ 094 | 0.94 | 094 VAPOR BARRIER ol - le-
VAPOR BARRIER N - - - 7/4" FIBERGLASS BATT - 2378 | 2378
2%4 SLEEPERS AT 16°0.C 458 N - EXIST 2%10 JOISTS AT 16" 0vC | 10.00 a -~
3%" FIBERGLASS BATT - - o { 1o EXISTING Y4 SHEATH 2 stoma| 175 i’/s -
EXIST. Ya" SUBFLOOR § %4 FIN. PR 188 188 | 188 2% 10 RIM JoIsT 250 | 250 [ -
exist 2x1b J015TS AT I670.C. - - 1.88 8" CONCRETE = [T Toss | .
] il \ AIR FILMS ~ 7093 | 093 | 093
‘ ] _@ \i i ” N
A 3 ;
b & - ) \ ‘ \-““
TOTAL R-VALYE 9.04 | 15.76 | 17.64 TOTAL R-VALYE . 1518 | 2896 2559 |
TOTAL U-VALQE g o.nt |0.063|0057 TOTALU-VALUE - .~ . | 10.066 | 0.026 | 0039 | .
FRAMING CORRECTION . 0.094 | 0.812 |0.094 FRAMING CORRECTION - 1 0.04Z | 0.291 [ 0.667 | -
TOT. U X RRAMING COR. 0.0104 [0.0515[0.0053 | . :[ TOT. UX FRAMING COR.  [0.0028 [0.0075[0.0261]
COMPOSITE U-VALUE ' 0.0672 COMPOSITE Y-VALUE T
COMPOSITE R-VALUE ' . 14,8 COMPQSITE R-VALUE ‘
EXISTING R-VALUE ' 92 |- | EXISTING R-VALUE -
R-VALUE ADDED BY RETROFIT W96 "R-VALUE ADDED BY RETROFIT 5
RETROFIT CONSTRUCTION COSTS RETROFIT CONSTRUCTION COS ‘ :
warenmsust | BATLS [LASoR TTOTE | [Wiemasusr 5 | WAL Lo [Tomr
2% 4 SLEEPERS 1944 | 120 24.64 2"POLYSTYRENEMLOCKING .56 2.8 5.74
VAPOR BARRIER 542 | 8.40 [+ 1382 | . |7/ FIBERGLASS BATT 17262 . | 534 2296
NEW %" PLYWOOD SUBFLOOR 36.80 12.16 48.96" 74" F.G. PATT BETWEEN JOISTS| 2,95 .44 - 379
32" FIBERGLASS BATT 12.80 7.68 20.48 | VAPOR BARRIER .36 6.30 AT
- CAULKING 3.12 _4.80 792
9
A\ : - r~a ’
. ' 1. [ - 1 ,
TOTAL CONSTRUCTION COST 107.9 TOTAL CONSTRUCTION COST Vo[ 48, Jff
[ TOTAL PRICE (COST + MARK-UP) ‘ 134281 | TOTAL PRICE (COST+ MARK-UP) "\ ° [e233]
| CONSTRUCTION COST PER SQ. FT. : ~ [ 20 1 |[CONSTRUCTION COST PERSQ.FT. + 03¢ )
$/R — $Q. FT, —~ —&» | 0176 ]| |$/R —SQ.FT.. - . » | 0.037

. ’ ., \ _ ‘ © 85



2" Blue Polystyrene Extended 8ft.

\

’ " .
P.2 m Polystyrene Extended 8 Ft.

69

P.1
Down (Footings Assumed At 6 Ft. Down (Footings Assumed At 6 Ft,
Below Grade) \/ \ Below Grade) .
z
= . ’ E= X
=3 —=—2:, 2 0
== v e AT SN A
e -= . AN e AT AR N Y]
| =1 Y/ =Rt
= N . = d g .
£ _ =N
£ ) t :-"-i—_:": ; d "ii.‘. I
FIN 'V i ~\‘\)J
COMPOSITE R-VALUES THROUGH MAT'LS IN "COMPOSITE - = R-VALUES THROUGH MAT'LS IN
R-VALUES HEAT FLOW PATHS AT: " R-VALUES .- .| HEAT FLOW PATHS AT:
W-W | eXX | YY ZZ o W-W X-X Y-Y ZZ
_MATER|ALS - FOUNDAZ'IM - MATERIALS N FOUNDAT o8
AIR FILMS 0.9% AIR FILMS 0.93
VAPOR BARRIER - - . VAPOR BARRIER -
2" POLYSTYRENE l0.00 4" POLYSTYRENE 20.00
V2 SHEATHING 1 o /2" SHEATHING 0.1
8" CONCRETE 0.88 8% CONCRETE 0.88
: - - : ’
. .\ N [ S -
TOTAL R-VALUE 11.92 TOTAL R-VALUE 2192 |
—|_TQTAL W-VALUE + |o.839 TOTAL U-VALUE . * loo456 .
FRAMING CORRECTION 1.00 FRAMING CORRECTION 1.00 . )
TOT. U X FRAMING COR. * 0839 TOT. U X FRAMING COR, 00456 T
COMPOSITE U-VALUE 0.8%9 COMPOSITE U-VALUE koo456
P COMPOSITE R-VALUE 11.92 COMPOSITE R-VALUE 7 21.92.
- EXISTING R:VALUE ‘ .81 EXISTING R-VALUE ° 81 | v
+| R.VALUE ADDED BY RETROFIT 10.11 - R-VALUE ADDED BY RETROFIT 20. 14
RETROFIT CONSTRUCTION COSTS 'RETROFIT CONSTRUCTION COSTS
' D MAT'LS | LABOR TQVAL MAT'LS | LABOR TOTAL
MATERIALS LIST | cosT cOST cdst | | MATERIALS LIST - cOST . cosST cOST
[EXCAVATION (AVE T BT | , 3800 | 84 5ou_1, 7 BY ‘ . 48.0¢ 48.00
VAPOR BARRIER 542 8.40 13,82 POR BARRIER .| 542 . 8.40 13.8%
2" POLYSTYRENE 40.00 12 .16 52.16 ¥ POLYSTYRENE | B80.00 2422 | 104.3%..
V2" SHEATHING 23.52 8.64 32.16 2" SHEATHING 23.52 8.64 32.16 -
® BACKFILL 37.76 2776 PACKFILL 37.76 37.76
‘ TOTAL CONSTRUCTION COST . [ -18290 } - | TOTAL CONSTRUCTION COST 2%6.06 |
" [ TOTAL PRICE (COST + MARK-UP) [ 229.88] [ TOTAL PRICE (COST + MARK-UP) [ 295.08 )
¢ ] CONSTRUCTION COST PER SQ. FT. T 3.58 ] | CONSTRUCTION COST PER SQ: FT. 461 1
$/R — SQ. FT. — [ 0257 | [$R—SQ.FT. — - » | 0.229

=
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" Blue Polystyrene-With 2 Ft.

Q . : .

P.3 Skirt
t 2 Ft. Dowh (2Ft. Of Concrete
- Assumed Above Grade)
X e X
= *
gil A -
k :_-"-;‘El kS
- — . -
. :
’// \\/ ' . J
nmm\ \ v , . ’
mmhm\mmmmmumm i
i ¢
NN , -
| L Notes pertaining to data tables.
‘compogge R-VALUES THROUGH MAT'LS IN T ‘
R-VALU HEAT FLOW PATHS AT:
- , - W-W X-X YY 77 1. EF.1-7and1LF.l-11I; :
MATERIALS : PO R-value for existing 2x4 studs assumes full,
AR FILMS \ 093 2''x4" dimension. :
VAPOR BARRIER - y
4" POLYSTYRENE | 20.00 F.l:
/17 SHEATHING o.11 N R-value for 2‘xlO floor joist assumes heat loss
8" CONCRETE 0.8% i at sides of joist past the 3% fiberglass batt,
B thus reducing its full- -depth R-value.
o > F.2: pe
. R-value for 2x10 floor joist assumed at full-
depth R-vaer.
TOTAL RVALUE. 2192 |° F.3-5: g
TOTAL UVALUE . 0.0456 R-value for 2x10 floor |0|st assumes joist ac(mg :
FRAMING CORRECTION .00 as a conductive fin, resulting in an R-value of
TOT. U X FRAMING COR. 0.0456 1.88 only. .
COMPOSITE U-VALUE . - B 00456 .
COMPOSITE R-VALUE 2192 B.I: _
EXISTING R-VALUE . 1.8 Crawlspace depth is assumed to 24 inches.
R-VALUEADDED BY RETROFIT 2011 , ; ’
RETROFIT consTRUCTION CosTS
MAT'LS | LABOR | TOTAL .
MATERIALS LIST COST coey o5t
EXCAVATION (AVE. SOIL;BY HAND)| - 4622 | 46.22
VAPOR BARRIER 271 4.20 | o9l > o
4" POLYSTYRENE ©0.00 | 18.24 |.78.24 S
/2" GHEATHIMNG 23,52 8.84 32.16 i
BACKFILL 1298 12.98 N
- £
N
TOTAL CONSTRUCTION COST .. v | 176.5 .
" | TOTAL PRICE (COST + MARK-UP) ~ f « [ 22064 |
[[consTRucTION COST PER sQ. FT. 243
$/R — SQ. FT. | O.\71*
.“- b <
” (57
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Solar/Conservation Retrofits

Wayne Holcomb

Alto, GA

DO Contract No.
DE-F(44--81R410505

ATMIS 11): GA -81-006

A volunteer firechouse was insulated
and weatherized to take advantage of
passive solar gain. Sunlight entering
the southern and clerestory windows is
absorbed by the firetruck water tanks,
the concrete slab floor, and a coperete
block interior wall. A destratification
area fan pushes warm air from the
clerestory area down and around the
firetruck water tanks..

Douglas Huft

Cumming. GA

DOE, Contract No.

DE-FG44 -81R410450

ATMIS I1D): GA-81-005

“The grantee attempted to reduce heat-
ing and cooling bills for a commercial

#building by adding insulation, using

storm windows, extending “overhang
eaves, using dn attached solar green-
louse, enclosing a porch to act as an
sirlock, using attic and ceiling fans,
pulling air through a cellar for precool-
ing in the summer, and adding grape
arbors. Summer temperatures are
reported . to be lower by 10 degrees F.
Winter gas consumption is reportedly
reduced.

Catheringe Wickerman
Springfield, 11.

DOF Contract No. 3%
DE-FG02-80R510216
ATMIS 1D: 1L-80-009

A beach house was insulated, weather-

ized, and retrofitted with a south-facing

trombe wall. Rolling metal doors on a
timer cover the trombe wall at night to
protect the glazing from vandalism‘and
provide additional insulation.

68°

‘mill. Prgblems were encountered and

ad

. passive solar strategy.

RBrad Hokanson

Minneapolis, MN

DOE Contract No.
DE-FG02-80R510235. T

ATMIS IND: MN-80 002

The grantee produced a general over-
viedv of conservation and solar strate-
gioes in Minnesota. The various ap-
proaches were applied to three types
of pre-1956 single-family detached
houges. Three levels of improvements
are ranked in sets frdm minimal to
optimal.

Tim Hansen

Wichita, KS

DOE Contract No.
DE-FG47-80R701145
ATMIS 1D: KS5-80-002

The grantge conducted a study for a
housing prgject to examine the correla-
tion between huilding orientation and
the effectiveness of cohservation activ-
ities to electrical consumption. The re-
sults make a strong case for residential
conservation measures. It was dlso
found that the southwest- and west-
facing units consumed the least

amount of electricity. Oswald Williamson

Butte, MT

DOE Contract No.
DE-F(G48-79R800443 .
ATMIS 1D: MT-79-003 ‘a8,
DE'FG‘“W&)R:}OZ"OS “The grantes hired a contractor td
ATMIS 1D: MD-80-002 retrofit the Indian Alcoholism Center
‘The grantee used quadruple glazing for.. Halfway House. The building interior
n vertical wall passive solar retrofit. was insulated and weatherized and
Two tempered panes and two layers of
3M polyester high solar transmittauce
filn were used to increase heat reten-
tion for a 6,000 square foot historic

John Hanson
Jefforson, MD .
DOE Contract No.

triple glazing on the south brick wall.

that a superinsulation retrofit would
have been more cost effective.
roportedly overcome when thermal ex-
pansion ‘caused two glass panels to
contact with cap strip screws. The in-
itial system checkout by the grantee
indicates that the goal of meeting 80
percent of total building heating needs
may be achieved by the system.

George Suckarieh A

Cincinnati, OH

DOE Contract No.

DE-FG02-81R510320
. ATMI§ 1D: OH-81-003 ™

The grantee performed a feasibility

study for glazing masonry walls (i.e..

trombe wall) in economically de-

pressed sections of cities. A cost-per-

square-foot estimate for the glazing

was $5. Using a microcomputer and

varying parameters (air infiltration, in-

sulation, and costs of glazing and
in Minnesota, Wisconsin and Michigan energy), an optimum was determined
and calculated energy needs for each for a case study building. Using the
cabin type. Recommendations were Solar Load Ratio inethod for evaluating
made to first weatherize and then passive solar heating, the calculated
utilize solar energy wherever possible. energy savings on a building in Cincin-
Estimated energy. load rediction is nati was 21 Btuhour/square foot of
given for each energy conservation and  glazing {a solat heating fraction of 24
percent).

jay Johnson

Excelsior, MN -

DOE Contract No. :
DE-FG02-79R510130 -
A'TMIS 1D: MN-79-001

The grantee evaluated winter resorts

* * " -

then retrofitted with 538 square feet of

The contractor reportedly indicated -

S,



Mark Palmer

Eugene, OR

DOE Contract No.
DE-FG51-80R000545

ATMIS 1ID: OR -80 018

The grantee designed guidelines for
solar and conservation retrofitting of
existing housing in the Oregon climate.
An existing boarding house was re-
vamped as an experimental site. The
testing included altering the. mass-to-
glazing ratio, perforimance 1neasure-

ments of an insulating, operable win-

dow curtain and the use of infrared
photography to chock for infiltration.

Joseph Carter <«

Emmaus. PA

DOE Contract No.
DE-FG43-80R302418

ATMIS ID: PA-80-020

A 90-year-old brick residence was rot-
rofited with two trombe walls (377

square f{eet), a,seasonally glazed porch -

(100 square feet), and a groelg,z?uso
(116 square feet). Conservation Teas-
ures (insulation, weatherstripping, etc.)
prior to the grant reduced thé space
heating load from_£3.4 to 10.4 Btu/
square foot/degree dlay. The solar ret-
rofit is reported to thave reduced the
space heating load td 6.9 Btu/square
fool/degres day.

Phillip Vinall
Philadelphia, PA

DOE Contract No.
DE-FG43-80R302430
ATMIS 11): PA-80-014
The grantee retrofitted an unfinished
rowhouse for energy conservation with
an attached solar greenhouse, interior
mass storage, whole house fan, wall
and ceiling design features, and exte-
rior and inlcri&r insulation.

Ray Shull
Langhorne, PA
POL Contract No.
DE-FG43-81R308094 -~
ATMIS 1D: PA-81-003

The Peace Valley Naturg Center was
insulated, weathe and refrofitted
with a passive solar greenhouse. An
addition was added to the" original
building, doubling tHe size of the struc-
ture. No performance data is available,
but since the foundation, walls and
ceiling were insulited and the green-
house was added, the heating load was
decreased enough to eliminate the oil
furnace. The furnace was replaced
with a wood stove Jor backup heat.

"

— James Thibualt

Glendale, RI

DOE Contract No.
DE-FG41-80R110397
ATMIS 11): RI-80 007
The grantee hired a contractor to ret-
rofit the south wall of a church/com-
munity hall. The entire south wall was

glazed with KalWall:at a cost of $4000;,

an additional $1600 was spent on insu-
lating the extarior of the three remain-
ing walls with Thermax rigid insula-
tion. No performance data has been
gathered and the trombe wall has not
needed venting even in the summer ac-
cording to the grantee.

W. Roy Floch 2

Connell, WA

DOE Contract No.
DE-FG51-81R001247

ATMIS 1D: WA-81-013

The grantee used 480 square feet of
glazing and enclosure materials to
cover a stagnation trombe wall.

Don Higgins
Spokane,.-WA

DOE Contracl No.
DE-FG51-81R001249
ATMIS ID: WA-81-015

The West Central Community Center

‘fingnced and helped five low-income

residents install five vertical wall solar
collectors, which when combined with
weatherization, were expected to
result in a 30 pe’?Lnt reduction in

-home energy constimption. The ver-

tical, straight line airflow collectors
with heat fins and back pass panels
were developed by a local manufac-
turer. At the time of the final report,
two housos were being retrofitted.

l‘homus Brown

Stevens Point, W1

DOE Contract No.
DE-FG02-80R510252 : .
ATMIS ID: WI-80-006 ‘ L
Members of a cerfl Wiscon¥inco-op
retrofifted a trombe wall solar collet-
tor on a 12-foot by 36-foot section of old
masonry wall. Two layers of glazing
made from fiberglass-teinforced poly-
ester were assembled by volunteers
and installed at a reported cost of $5
per. square foot. Based on projected
fuel savings of $169 per year, plus a 10
percent per year fuel cost escalation,

the co-op estimates an 8-year payback .

on their investment. Modifications %o
increase efficioncy are on-going. The
co-op also has, prepal'ed a
booklet on tro

Jonathan Averill

Sandstone, W\

DOE Contract No. -

DE-FG43 -80R302448

ATMIS [D: WV-80-003 3

The grantee constructed o -passive
trombe wall on the south wall of the
Green Sulphur Fire HAll . The rest of
building was insulated and weath-

Superinsulation

Ross and Cm';)lyn Duffy
Topeka, KS )
DOE Contract No. N .

" DE-FG47-79R701014

ATMIS 1D: K§-79-005

The report described an earth-beriged,
high mags (concrete) house with difoct
solar gain, trombe wall and R-50 insu-
lated ceilingd Wood is used as a back-

up source of heat.

Edward Allen

Ralston, NE

DOE Contract No.
DE-FG47-79R701038 -

ATMIS 1D: NE-79-001

The grantee proposed a Rew energy-
conserving method of house construc-
tion using walls on the inside and out-
side of a pole framne, which created a

cavity of 8 to 10 inches. The cavily was -

then filldd with blown cellulose insula-
tion. The design was intended to cut
heat loss by one-half, compared to con-
ventional construction. A wood stove
provided auxiliary heat as do the
south-facing passive solar windows.

Republic Kiwanis Club
Republic, WA

DOE Contract No.
DE-FG51-81R001250
*ATMIS 1D: WA-81-016

The*Republic, WA Kiwanis Club con+
‘structed a 600-square-foot passive
loh'commumty center. The Trapezoid
stricture employs earth-berming on
the north side, superinsulation (R-20
foam sheets on the exterior  walls,
R—40 cellulose blown between 2x 12
rafters), airtoair heat exchangers, an
insulated slab floonffand an active solar
hot water system. Reportedly, 83 per-
cent of the center’s’ hedting require-
ménts. will .be supplied with solar
energy despite only 23 percent possible
sunshine, -

~

L4
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James Underwood

Cherry Grove, WV

DOE Contract No.

DE FGA3 -81R308108

ATMIS 1D, WV-81 004

The grantee developed a low-cost de-
sign for a 900-square foot house with
lightweight yoncrote walls  (comemnt
mixed with perlite) and truss beam
rafters insulated with 12 inches of
fiborglass. The grantoe designed the
house to accommodate an exterior
rotgpfit if nocessary. The exterior walls
could ba easily sheathed with Thermax
rigid insulation and finished. The house
ns dasigned remains cool in the sum-

" meor and warm in the Wilj’“}r according
\

to the grantee.
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Other Hetroﬁts}

W. Robert Lowsjjiter
St Petershurg, F.
DOE Coutract No.
DE-F(G44 -80R410292
ATMIS ID: FL-80:019 @

A residence wa$ remodeled, superinsu-
lated and coupled to the ground by
aluminum rods for the purpose of heat
transfpr. The shell wag insulatod with
four inches of - exterior urothane,
Aluminum rods were driven into the
ground (10 feet) and the extended ends
imbedded” in a new. masonry wall.
Fiturgy use was significantly reduced,
although no comparisons were made
nxmlpl gross estimates.

&




Airto-Air Heat Exchangers, Willlam
Shurcliff. Brick House Publishing Co.,
Andover, MA, 1982,

An essentinl element in the airllghl,
superinsulated house is the air-to-air
~ heat exchangor. This book explains the
fundanientals of how these heat ox-
changers work and doscribes the par-
ticular differances in the various prod-
ucts available.

Eyre and

/\ir-\-’op‘()r Barriers, David
David  Jonnings., Saskatohewan Re-
search  Council, Saskatoon, Saskat-
chowan, 1981, :

This is the best source on air-vapor
barrier details. While the book is*
limited in its discussion of new con-
struction, it provides an undorstanding
of the importance and functionings of
air-vapor barviers in superinsulated
- construction that is essential to retvo-
. fits as well. Well-diagrammaed, many of
the teghpniques are easily adaptable to
retrofits.

A Double Wall Retrofit Project, LR.
Warkentin, published by the author,
Winnepeg, Manitoba, 1982. -

This is an excellent case study of an
exterior retrofit, explaining the retrofit
process in great detail. Available for
$3.95 by writing to Box 50, Group 32,
RR 1B, Winnepeg, Manitoba, R3C 4A3.

Energy Conservation Guidelines, Vol. 11

-~ Rehabilitation, Travis Price 111, Insti-
tute of Building Sciences, Carnegie-
Mellon University, Pittsburg, PA, 1981.

Thig book. the second volume of a
three volume set, (Vol. I-New Construc-
tion; Vol. HI- Iffea. of Occupant Be-
havior on Energy Use in an Inner City
Neighborheod) presents the results of a
comprehensive plan for making an en-
tire neighborhood more energy- effi-
cient. The conservation retrofit is
found to be by far the most cost-
effective approach. The book gives
detailgd advice on how to perform an
energy conservation rettofit, espécially
in neighborhogds with special historic
and architectural characteristics.

“Fnergy Conservation and Solar
Energy for Historic Buildings: Guide-
lines for Appropriate Designs,”
- Thomas Vonier, National Center for
Architecture and Urbanism, Washing-
ton, DC, 1981,

v

~

This brochure offers guidelines for
the application of conservaton and
solar retrofits {o historic buildings from
the Secretary of Interior Standards for

‘Rohnbilil ation.

-~
Heat Saving Home Ingulation, Solar
Age Magazine, SolarVision Publica-

_tions, Harrisville,.PA, 1982.

This book takes the approach of de-
scribing materials and equipinent, and
how to apply them. 1t deals with walls,
windows, doors, and airdo-air heat ex-
(,hungms It contains a good listing of

,suppligrs and manufacturers dnd pro-

vides a mix of new and retrofit lnsuln~
tidn techniques. -

HomP H('lmf!hn}; for Encrgy Suvmgs
Paul A. Knight, Van Nostrand Reinhold
Co., New York, 1983.

A great how-to manual for retrofits.
Although it does not describe projects
as major as superinsulation retrofit, it
does describe retrofit work in enough
detail to aid someone doing a superin-
sulated retrofit. The book has many
good illustrations and even covers safe-
ty. Chapters include window retrofits,
door retrofits, insulation retrofits (this
chapter thoroughly describes furring
out interior walls, adding rigid insula-
tion to exterior walls, and other items
that are part of a major thermal
vetrofit).

“Larsen Truss Information Package,”
John. Hughes, Passive Solar Designs,
Ltd. #204, 10830 107th Ave., Edmon-
ton, Alberta, T5H 0X3.

This peekage contains complete con-
struction details and specifications for
making your own Larsen trusses. It in-

‘cludes such items as corner details and

installation procedures. Available for

$15.

fife Cycle Costing for Design Profes-
sionals. g lphonse Dell’lsola and
Stephen']. Kirk, McGraw-Hill Book Co.,
New York, 1981.

There are many pooks on-the market

desribing how to calculate life cycle

cost aualyses 'This bok describes how
to consider all the significant costs of
ownership over the economic life of g
particular building project.

Remodeler’s Handbook, Benjamin
Williams, ed., Craftsman Book Co., So-
lana Beach, CA, 1981.

, 7

This book states that the energy con-
gervation retrofit of a house should
idealty occur in conjunction with the
overall rehabilitation of the building. It
describes many techniques not usually
found in new construction. This is one
of the best books available on the
subject.

Renewable Ener; News,
4864, Station E, Ottawa, Ontavio, K185
5B4.

Originally litited to Canadian news,

Rencwable Encrgy News now covers’

devolopments throughout North Amer-
ich. It is one of the best renewable
energy journals available and is par-
ticularly strong in areas of energy-
efficient residential construgtion, with
timely- articles on projects, products,
and lmhnig_uas.

Siwm Energy Design Economics,
d E. Marshall and Rosalie T,

-Ruggs, Principles of Economics Ap-

plied to Energy Conservation and Solar
Energy Investments in Buildings.
Center for Building Technology, Na-
tional Bureau’ of Standards, 1).S. Dept.
of Commerce, 1980.

This is one of the clearest handbooks
available for computing the economic
benefits of energy saving Investments.
It describes five economic -analysis
tools: Life-cycle costs, net benefits or
savings, savings to investment ratio, in-

ternal rate of return and discounted,

payback. This is a handy tool because
it is specifically aimed at energy in-
vestments in buildings. Available from
U.S. Government Printing Office. Stock
No. 003?3-—02155—3, $3.50.

Superinstlated Houses and Double
Envelope Houses, William Shurcliff,
Brick House Publishing Co Andover,
MA, 1981.

This book, which describes and com-
pares superinsulated and double enve-
lope construction, is probably the best
available general introduction’ to
superinsulation. Shurcliff concludes
that superinsulation is the better of the
two techniques compared.

P.O. Box

b .
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The Ol House Journal Monthly, 69A
Seventh Ave, Brooklyn, NY.

This is 1 monthly magazine that con-
tains many useful and technical ideas
on properly rehabilitating old houses.
One of the major issues it coveraijs inte-
grating energy conservation with arch-
itectural “preservation.  Available for
$16 a year. ) : i

“The Secretary of Interior’s Standards
for Rehabilitation,” National Park
Service, Technical Preservation Serv-
ias, Washington, DC, revised 1980.
Thesg are the standards a rehabilita-
tion must meet if a doveloper wants to
take advantage of the 25 percent tax
credit  for rehiabilitating historic
buildings. The standards and accompa-
nying guidelines are established to pro-
tect the most significant elements of a
building’s historic and architectural
character while allowing the designer
to make modifications in the building
so it will be ugelul in today's economy.

rd "

The Superinsulated Retrofit  Book,
Brian Marshall and Robert Argue, Re-
newable Energy in Candda, Toronto,
(Intario, 1981.

This is the most complete, commer-
cinlly available book on the superinsu-
lated rotrofit. It contains an extcellent
introduction to the concept and is well-
illustrated. It is written for the ownor/
builder. It provides a good overview of
the construction sequence.

“The Turped-Off House* Larry
Palmiter and Barbara Miller in Solariz-
ing Your Present Home, joe Carter, ed.,
Rodale Press, Emmis, PA, 1981,

Although the _rest of this book is |

about solar retrofit, this one chapter is
perhiaps the best pisce available on us-
ing conservation measures to make a
home more energy efficient. It offers
an excallent and easy-lo-understand
methodology for calculating the cost ef-
loatlVefess of various conservation

- MBasures.

’
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From 1978 to 1982 the U.S.
Repartment of Energy provided
about 2,200 grants to a cross-section

saving energy. Their projects_ reveal
how a broad range of dpproprlé((

the tarm to the. (()umrys largest
cries. -

«Their “experienges .have been ex-
amined and presented in a series of
thirteen informative publications.
Your State energy oftices have a
limited number of these publications
available without charge. Addi-
tional copies-are on sale at U.S.
Government DPrinting  Oftice
Boobkstores near you. -

w " - . ~

of Americans with good ideas for

technologies actually work -- from”

v

APPROPRIATE TECHNOL‘OGY
AT WORK: Outstanding Projects
Funded by the U.S. Department of
Energy Appropriate Technology
Small Grants Program
(1978-1981).

Highhghts twenty of the many suecéss stories
that are found m the DOF grants program
C.P¢g) 061-000-00608-7

WASTES TO RESOURCES:
APPROPRIATE TECHNOLOGIES

CONVERSION

Presents background mformation an conven-
tional and altereflive svwafv treatment it the
United States and the key 1ssues facing

QO “wne ipal sewage managers. - . v

‘COMBUSTION A

FOR SEWAGE TREATMENT.AND

FROM

DRYING WOOD WITH THE SON:
HOW TO BUILD A SOLAR-
HEATED FIREWOOD DRYER,

Shows the over 14 million fire qwood users |
America how to bufd an efficrent. low-cost
firewood dryer ‘and contains suggestions for
more efficient burning Y the ;”V wood

(l"})Obl(m(X)bHJ o R gel
MOISTURE AND HOME ENERGY
CONSERVATION '

Focuses on detecting moisture problems
the home and how to correct them andain
cludes a traiming supplement on how to con
duct a morsture audit in a home

GPO 061 000 000150z
PHOTOVOLI&&S IN THE
PACIFIC ISLANDS: AN -

INTRODUCTION YQ P\
SYSTEMS v’

Helpstteachers, adult ¢ducators. and com
mumity leaders in the Pacific Islands explam
the.basic parts of a PV system N 4
GI'O 061-000-00616-8 '

USING THE EARTH TO HEAT
AND COOL HOMES

Provides a guide to using the carth as a readr-
ly -avnilabﬁ’. low-cost resourey for space
heating and cooling with a focus on installa-
tion! economics, reliability and performance
of systemns utthzing low-grade geothermnal
energy and earth-fmnp(’rmfmr systems.

GPO 061 -000-00620-6

INTRODUCING SYBPLEMENTAL

TO GAS-
FIRED, HOME APPLIANCES

aws consumers and buildiflg trades people
ow to increase heating system efficiency by
wsing ontside or supplemental combustion air
and ‘also includes a set of basic how-to in-
structions to allow consumers to build

necessary ducts and vents. Code and safety [

implications of these actiops are thoroughly”

- —T¥aches owner bultierd,

~ LEARN
EXPERIENCE

SOLAR GREENHOUSES AND
SUNSPACES: LESSONS
LEARNED

hu uses -on ghe eapenences of hundreds of
DOE xu#s who  designed  and hx&f
{

greenhouses. and  exammes individu
greerthouse components anchiing franung.
glazing. storage  ventilaton and  control

mechamsms
GPO P61 000 00622 2

HEAT—RECOVER)Y VENTILA-
TION FORH ING: AIRTO-
AIR HEAT EXCHANGERS

~

buhiing trades peo-
ple. and designdeg how to size, venhlahion
systems for anergy-efficient hnusmg Mujor
emphasis 1s “placed on the mr-to air heat ex
changer

GPO OO (00 0063 ) ,

MAJOR ENERGY CONSERVA-
TION RETROFITS: A PLANNING
GUIDE FOR NOR]‘HERN
CLIMATES -

Contains state of-the mf*.\h'xu‘s for the
i

“builder. archdect. and skilfed homeowner m
deaiding thewmost cost-effective procedures
for msulating roofs and walls This decision
mahing manual _glows users in northern
chimates to deterniihe the most cost-effective

. mearts for increasing the thermal efficiency of
their specific bulding envelope
GO 061 000 00635 3 ’

HOME MADE ELRCTRICITY: AN
INTRODUCTION ‘SMALL-
SCALE WIND, HYDRO, AND
PHOTOVOLTAICS - -~

Introduces the use of wind. water. and the
sun as electricity producers and. based on the

wpreriences  of grantees, helps the reader
r& ake a realistiv qppraisal of these systems
061 (00_(0630 3

‘WINDOW INSULATION: HOW
TO SORT TAROUGH THE

. QPTIONS~

Focuses, on the major decision and problem
areas with the- Hchnnlngy including choosing
the right desin’ for the window, how to™
choose a workable installation method. and

how to size up your window-insulation needs
given climate, cost. and home orieptation.

&PO 061 000 uom:;u N

AN INTRODUCTION TO
BIOGAS PRODUCTION ON THE
FARM_ - .

Introduces farm-size biogas production and
includes a brief discussion on how to evaluate
the biogas production potential of a specific

ranch or farm.
GPO 06l 000 00633 R

A

¢

adilressed.
GPO 061 000 00621 4
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