CASE STUDY 9 DO-IT-YOURSELF THERMAL

UPGRADE FOR WINDOWS
ATLANTIC ECOWORKS, FEBRUARY 2011

SUMMARY

In comparison to other building envelogemponents
(e.g., walls and ceilingsyindowsare typicallya major
source of heat losS hegreaterinitial cost of a high
performance window (no less than the equivalent of a
triple-glazed windowpver a conventional window
remains adeterrentfor manyhomeownerseventhough
the incremental cosinay berecovered(often several
times over)from the energy savings overthe A y R 2 & ¢
service life

This case study details the thermal and financial
performance of alo-it-yourselfinterior upgradethat has
been applied taesidentialduatglazed, lowemissivity,
argontilled, casement window. The installation of
interior sashinserts(see Phots 1 and 2 and insulated
roller blinds (see Phot®) have more than doubledhe R
value of the windowfrom 3.5 to 8.69.

For the test window featured in this case studyet
upgrade will reduce annual energy ldssthe equivalent
of 17 litres of oil. At a cost of $0.8Bper litre, thisequates
to annual savings of 1 The $8 cost of materialdo
upgrade the window will be recouped irt4ears
($63/$14 per year = & years) for a return on investment
of 22 percent ($4 x 100$63 = 2 percent). Additionally,
the emission of @ kilograms of carbon dioxide will be
avoided.

At the presenttime, the homeowner haspgraded 15
windows in the home foan estimatedtotal annual
savings of $23, 250 litres of oil, and75kilograms of
carbon dioxide

In addition to thesavings ofnoney,oil, and cabon
dixoide the windowupgrades have significantlyimproved
the comfort of occupants dihg nearwindows on cold
winter nights. The roller blind, whichare constructed
from aflexible double bubble radiant insulationaterial,
minimizethe amount of heathat would otherwise be
radiating from the occupant towardhe windows. In fact,
the window upgrades have beemsufficientlyeffective in
increasing occupant cdiort to the pointwheretwo of
the children in the householdaveeven arranged their
bedroom furniture such that théedsare positioned with
the headboards directlpeneathwindows.

Photo 3: Roller Blind3own
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DETAILS

1. Introduction

In thelastfew decadeswindow technology has
improvedgreatlywith perhaps the most notable
achievement being the use of leemissivity
(low-e) coatings to reduce the amount of heat
radiated to the outside and thase ofinert gas
fills (such as krypton and argpto reduce
convective currentfetween glass layers.

Today, the use of duajlazed low-e, argonfilled
windows in new homes or as replacement
windows in existing homes is common. The
typical Rvalue of 3.5 is anajorimprovement
over the typical Rralue of 2 fordualglazednon
low-e windows witlout an inert gas fill.Despite
thisimprovement,newwindows still lose
significant amounts of heat at night during the
heating season.

Thiscase studyvill present data and calculations
on the thermal and financial performance of an
interior upgradefor windows - specifically, for a
dualglazed, lowe, argonfilled, double

casement window with one operable sashd

one fixed sasland measung 53 inches wide

and 54 inches highThe windowis located in the
kitchen of the home and is facisguth. At the
time of its installation in 2000, it had anvRlue

of 3.85. However, a value of 3.5 is being used in
this case studyo allow for anydeterioration in
thermal performance tributable to age.

2. Background

The data upon which this case study is based has

been collected in a twastory house constructed
in 2000. The house has an excellent solar
orientation which, in part, led the homeowner
to deliberatelyoversize nanyof the windows
particularlythosefacing south. While this
makes for a bright and pleasant living space,
especially in the winter when the slight
penetrates further into the houseijt alsoresults
in significant heat losat night

Both an EnerGuide for Houses audiinducted

in 2003 anchn ecoEnergy Retrofit for Homes
audit conductedin 2009 confirmed that the
windows (and doors) constituted the largest
source of heat loss through the building
envelope. In view of this, the homeowner began

considering various ways to improve the
performarce of thewindows. After three years
of experimentationthe homeownerarrived at a
solution that, although not perfect, is functional
convenientand costeffective.

3. TheThermalUpgrade
Thethermalupgradeconsists of two
components: asash inserand an insulated
roller blind.

Thesashinsert is a frame constructed of 30 mm
x 14 mm pinegee Photat, below)with shrink
film applied to the exterior side.

- ; 2
T

Although thesashinsert provides armnsulative
value of R1.3,its primary purpose is as a vapor
barrier to keep humiadoom air from contacting
the inside surface of the window glazing where it
could condense. The sdadtween theinsert

and theframe of the window sasls achieved by
a rubber gaskesecured tahe edge of the
insert. The insert is installed by pushiiignto
the sash opening whereii held in place by the
friction between the rubber gasket and the
window frame. A pull cord at the bottom of the
sash allows for easy removak wouldoccurfor
the summey.

The roller blinds constructed of #lexible
double bubbleradiant insulation with aluminum
foil on the interior and white pothelyneon

the exterior. Theupper end of theblind is
securedto adowel that is mounted across the
top of the window, mostly hidderundera fabric
O dzNJi | Ar§/(seé piabt#is)S and 6, on the
following page).
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When in the up positione blindis stored in a
roll around the dowel.The blindpasses over an
idler roller positionedat the top of the window
so that when it is pulled down, it moves easily
betweenchannelsmountedon either side of the
window. A cord wound around the main dowel
is used to raise the blinand a wooderépullé
secured to the bottom of the blind is used a
handleto lowerthe blind (during which time
light tension igmaintainedin the cord).

Photo 5: Roller Blind

Ideally, it would be best tapply any window
upgrack tothe exterior (outside) of the window.
This would make the room side of tléndow
warmer and less susceptible to condensation
whereas ading insulative value to the inside of
the windowactuallymakes the inside window
surface coolewhichpromotes theformation of
condensation.However it is easier tapplythe
upgrade to thanterior of the windowand the
management of the roller blind is more

convenient than would be the case if it was
installed on theexterior of the window.

4. Costof Upgrade

The estimated cost of the two sash inserts was
$31 and the estimated cosif the roller blind
was $32 for a total upgrade cost of $63. (See
Appendix A foa cost estimate.)

5. Method

For the period of time beginning in early
October of 2010 and ending late Januaryof
2011,dailymeasurements and observatiofsr
the testwindow were recordedsee Photo 7,
below). Twoalcohol thermometers and one
electronic thermometelalso used to measure
relative humidity)were used to measure the
temperaturesat the following locations.

Outside

Between the window and the insert
Between the insert and the roller blind
Inside

)l
1
1
)l

The temperatures used in tHevalue
calculations were taken at thmid-height of the
window as this position wasissumed to be
representative of the averagemperature
behind the sash insert and roller blind. (Itis
known that the temperaturef the airbehind
these componentss stratified; that is, the cold
air settlesat the bottom while the warm air rige
to the top. Hencetemperatures taken aid-
height were used fothe calculations.)
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Since the Ralue of the window is given and the
difference in temperature across the window is
known via measurement, it is possible to
calculate the Rralue of the sash insert and roller
blind by using the measuredffirence in
temperature across each of these components.
(Data and calculations are provided in Appendix
A)

6. Results and Discussion

1 TheRwalue of the window before the
upgrade was considered to be 3.5. The sash
inserts provide an addition&-valueof 1.30
and the roller blind, when it was down, asld
a further Rvalueof 3.89 for a total Fralue of
8.69. For the purpose of reference, an R
value of 8.69 is marginally better than the
best triple glazed windows currently
available.

9 One ofthe main considerationgshen
improving the thermal performance of a
window is to do so in a way that can be
conveniently managed by the homeowner
and will not create an undesirable level of
condensation If insulation was added to the
outside of the windw, the innermost pane
of glass would actually become warmer and
less susceptible to the formation of
condensation although if any type of solid
insulation material was usethe homeowner
would have to determine how it could be
removedfrom the window diring the
daylight hours).

Adding insulation to the inside of the window
has the opposite effectit lowers the
temperature of theinnermost layer of glass
and makes thénside surfacenore

susceptible to condensatior(This situation
can be exacerbateith homes with poor
ventilation and high levels of relative
humidity.) However, insideindow

was on the sash insert not the window. In
general, condensation is likely form when
the inside relative humidity is high and/or
when the outside temperature is low.
Fortunately, both conditions tend not to
occur at the same time because as fall
progresses into winter, relative humidity
insidedecreases as temperaturesitside
decrease.

The test window was located in the kitchen of
the ground floor of the home and
condensation was a neissue for all the
upgraded windows on the ground floor. For
the upgraded windows on the second floor of
the home, there was typicallygreater
frequency and extent of condensation
occurring on the sash insert and often there
was condensation on the window itself. For
the most part, the extent of the condensation
on the window was comparable to what
might occur if a vinyl slat blind wéeft closed
overnight and the condensation would
alwaysevaporate during the day. Itis the
assessment of the homeowner that the
condensation on the upstairs windows is not
sufficiently frequent or extensive to become
a serious issue (that is, it shows signs of
leading to a mould problem) and that it is far
outweighed by the energy saviagd comfort
benefits of the window upgrade.

As per Table 1, belowhé¢ additional
insulaton valueprovided by the sash insext
andthe roller blindwill save thehomeowner
$14. When the cost of the upgrade is
considered, the simplpayback will be 4.5
years for a return on investment of 22
percent (see Table 1, to the right). From an
energy perspective, the upgrade will displace
the equivalentof 17 litres of heatingoil and

46 fewer kilograms of carbon dioxide will be
released ind the atmosphere.

insulation can be managed more easily by the
homeowner.

As per the notes in Table 3 in the Appendix,
the sash insert provided excellent protection
against the formation of condensation on the
test window. When condensation did form, it

Table 1: Estimated)pgradeEconomics

Description

Estimated Annual Cost Savings $14
Simple Paybac$63/(14/year) 4.5yrs
Return on Investment @¥$63) x 100 22%




1 In consideringhe 15windows in the home

that havebeenupgradedto date, the
homeowner will save &13, 250 litres of oll
and675kilograms of carbon dioxidennually

7. Comments
1 Initially, the homeowner considered using

glass oplexiglagather than shrink film for
the sash inserts. dever, withthin plate
glass (2mm thick) costing $5.50 per square
foot and plexiglasosting$6.00 per square
foot, the shrink filmat $0.20 per square foot
was more cost effective even thoughist
more fragile andnay have to be replaced at
some time in the future.

The advantage of securing the shrink film to a
sash inserts thatthe sash insertan be
removed from the window for any reason

and at any time (particularffor the summer)
without having to destroyhe shrink film.

The homeowner also experimented using a

F2FY a6l O1Ay3 NRBRRE | &

between the sash insert and the window
frame. The backing rod had a circular shape
and had to becut longitudinally- a task that

was accomplished using a jig and a utility
knife blade. The advantage of using the foam
backing rod is that icosts $014 per foot

(after being cuin half) rather than $0.6 per

F220 FT2NJ G0KS &a5¢ LINRTALS

However, the foam backing rodhb poorer
frictional characteristics and the two sash
insertson which it was installelave
occasionally mowout of position after a
heavy wind. (If the sash inserts were held in
place with a mechanical connection rather
than afriction fit, the frictonal characteristics
of the foam backing rod would not be a
concern.)

On a few of the sash inserti¢ homeowner
has ndiced someminoryellowing ofthe
double sidedchdhesive tape used to secure
the shrink filmto the sash inserts. If this
continuesthe homeowner may apply a white
tape over the adhesive tape to shield the

I RKSaA@dS LS FTNRY (KS

energy.
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9 The optical qualities of the shrink film are

such that under certain outside lighting
conditions (mostly when the sun is shining
directly on theshrink film),the shrink film in

the sash inserts is noticeablélowever, the
benefit having the shrink film as part of the
upgrade for the window (e.g., reduced
condensation, reduced oil consumption,
reduced carbon dioxide emissions) far
outweighs any detriments, perceived or
otherwise. Also, from an optical perspective,
having the sash inserts in place is certainly no
worse than having bug screens in place in the
summeras is common practice

The inserts and blindsanbe construded by
anypersonreasonaby proficient in the use of
basicwoodworkingtools. It took the
homeowner approximately an hour and a half
to construct each individual insert and about
three hours to construct each roller blind.
While doing the workthe homeowner

reflected that this was &ar more responsible

i K Sandprodudtive iise of frae Sniedthiart

watching television, something that the
averageadult male inP.E.ldoes for 18 hours
per week and the average adult female does
for 23.5 hours per week.

Whilethis case studgescribeghe benefis

of the sash insert and roller blirattingin

c inatiqn,canstryctin d installing only
triiem%%%hoi%s]eﬁﬁs Tgi v?aglzé]aﬂeﬁative. Within
the context of the test window, doing so will
save 10 litres of heatinglp$8, and 27
kilograms of carbon dioxide and provide a
simple payback of 4.0 years and a return on
investment of 25 percent.

It was the preference of the homeowner to
construct one window insert rather than two
sash inserts. However, the homeowner
opted for the use of sash inserts because the
crank and window lock mechanism of the
casement window precluded the possibility of
positioning a window insert within one inch

of the window frame.

ddzy Qa dzf GNY OA2f S
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1 The homeowner makes a point of closing the
roller blindseachnightduring the heating
season in part becausé¢he investment of
time and moneyin the window upgradavill
havelessbenefit ifthe roller blindsare not
usedand in part becausthe homeowner
feels strongly that, in view of the predicted
consequees of climate changéaking a few
YAydzi Sa G2 Of 2noferouskK S
task.

1 When theroller blinds are dowr(see Photo
8, below) the aesthetics of having an
aluminum foil surface exposed to the room
seems to &cit different reactions from
different people. There are always questions
about the blinds and most people seem
interested in the concept. For theecupants
2F GKS K2 YSblinddis@d y 3
longer an issue but simply an environmentally
responsble way to remain cozy at night.

Photo 8: Roller Blinds Do

1 The white polyethyleneon the outsideof the
roller blinds(see Photo 9next column)s the
same color as mamggular householdlinds
andR2Say Qi | GdGNIAOG Fye
neighbourwho passed by the house at night
once remarkdto the homeownerin a
positive tonethat the blinds must be quite
heavy because they were not permitting
much light to pass through to the outside.

ot A

Photo 9: Roller Blinds Do

1 On bright and sunny daythe shrink film in
the sashnsert will reduce the amount of
solar radiation that passes through the

s indows into the home (in effect, it reduces
68 KA Y 8%,

G Aa 1yz2éy la (KS
gain coefficient). However, the reduction is
slight, pertains primarily to south facing
windowsand is more than compensated for
by the increased Ralue it adds to the
windows. On the other hand, the sash inserts
also serve to make the window less
susceptible to air infiltration (drafts).

1 At some point, the shrink film will have to be
replaced. Hwever, the shrink film is a small
part of the total cost of the sash insert.
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AppendixA: Data Calculationsand References

Al. R-Values

According to the manufacturer, th#ualglazed, lowemissivity, argofiilled, double casemenwindow used
for this case studhad an Rvalue of 3.85vhenit was installed in 2000. This value will berdeed to3.5t0
account for age.

Table2, to the right, provides the R and RSI values of the Table2: Window Components

window and upgradecomponents. The values for the Component R-Value RSIValue
window are given and the values for the sash insert and™\indow 3.50 0.62
roller blind have been determined tgmperature Sash Insert 130 023
measurementand calculation. (If the-Ralue of the Roller Biind 389 068
window and the difference in temperature across the

Total 8.69 1.53

window are known, then iis possible to calculate the R

value of the sash insert and roller blind if the difference in temperature across them is also.known

The data upon which the-®Raluesare based is contained fable 3, klow, and on the next pageThe data
has been aianged in order of descending outside temperatures (as per the first column).




