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THE IMPACT OF GLASS
SPACERS ON ENERGY
PERFORMANCE AND RISK OF
CONDENSATION IN
CANADIAN WINDOWS

New Risks and Opportunities for Fenestration Products Installed
In Airtight Buildings

The thermal quality of glass spacers dramatically affect the physical properties
of one of the most critical areas of the entire building thermal envelope - the
interface between window frame and glass unit. The spacers influence the heat
flow, resulting in higher heat losses, and consequently lower localized
temperatures along the glass edge.

In everyone experience, the glass edge is one of the places condensation occurs
sooner than anywhere else in a building.

Since its 2012 update, the International Energy Conservation Code (IECC) has
been pushing buildings to be increasingly more airtight across America. This is
great news for overall building durability (i.e. avoidance of exfiltration, and
associated moisture-driven damages). Increased building air tightness also leads
to significant improvements in energy efficiency, thanks to the reduction in
heating and cooling.
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However, a more airtight building envelope leads to higher relative humidity
inside buildings, as uncontrolled air leaks contribute to removing moisture water
vapor from inside buildings. According to ASHRAE Standard 160, a family of 4
produces 2.5 gal of water vapor every single day. This means that regardless of
how humid or dry a climate may be, moisture comes from within the building.

Proper moisture management in building has evolved into being an
interdisciplinary field, bridging across from architectural detailing, window
specs, to structural and mechanical engineering. The more buildings become air
tight and insulated, the more they behave as one physical object where all parts
are interrelated.

Today, the selection of a window product (including glass spacers) has
consequences on the mechanical system in the effort to avoid mold/
condensation, and vice versa.

Unfortunately, the evolution of Building Code (until the 2018 IECC update, at
least) still fails in mandating this interdisciplinary approach, resulting in
manufacturers and professionals being incrementally more exposed to liability.

Even the 'Condensation Resistance’ method established by the National
Fenestration Rating Council does not provide a conclusive method to prevent
condensation in fenestration products.

Given these circumstances, the impact of different glass spacers on the
performance of window products is assessed both in terms of heat flow (U-
factors), as well as of surface temperatures to avoid condensation.
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Scope

The purpose of this report is to assess the effect of different glass edge spacers,
in their application over a range of fenestration products available on the
Canadian market.

The analysis was executed by creating combinations five glass spacer products,
and nine window frame profiles. The 45 resulting combinations are evaluated in
terms of localized heat flow (i.e. frame and edge of glass U-factors), whole
window heat losses (total U-factor), and glass edge temperatures.

Calculation Methods

Heat Flows

The thermal performance of windows (total U-factor, Uw) and window
components frame included in this report (frame U-factor, Ufr, and edge of
glass U-factor, Ueog) were calculated according to the following standards:
ANSI/NERC 100-2017: “Procedure for Determining Fenestration Product
U-factors”.
NFRC 101-2017: “Procedure for Determining Thermophysical Properties of
Materials for Use in NFRC-Approved Software”.
ISO 15099: “Thermal Performance of Windows, Doors and Shading Devices
- Detailed Calculations”
ISO _10211: “Thermal Bridges in Building Construction. Heat Flows and
Surface Temperatures - Detailed Calculations”.
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Energy Rating

Energy Rating (ER) of windows for use in residential buildings as combination of
passive solar gains, heat losses, and air infiltration, was calculated according the
following standard:

CSA A440.2:19: “Fenestration Energy Performance”

Condensation Risk

In assessing the risk for condensation, the following standards were evaluated:
CSA A440.2:19: “Fenestration Energy Performance”
NFRC 500-2017: “Procedure for Determining Fenestration Product
Condensation Resistance”.
ISO 13788: “Hygrothermal Performance of Building Components and
Building Elements - Internal Surface Temperature to Avoid Critical Surface
Humidity and Interstitial Condensation - Calculation Methods".

The Condensation Resistance (CR) method defined by NFRC assigns a score to
the fenestration product. This is executed by averaging internal surface
temperatures resulting from three separate simulations (i.e. @30%, 50%, and
70% relative humidity).

173
>SS, 4, e » S &
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4, CR, =4{1-1-4 : :

‘ Z Adr + Z Adwg; + z Acog,
k k k

CR, ={1-
; x100

k=frame section

Formulas 01-02: NFRC Condensation Resistance calculation method for frames (left), and for
center of glass, edge of glass, and dividers (right). The mathematical nature of the CR as an
average of values over area (A), and over multiple relative humidity values (RH 30%, 50%, and
70%) makes it unsuitable as a design tool for practical use in the professional practice.

TRAINING | SERVICES | SYSTEMS 5610 Ward Rd #300
Empowering the construction Arvada, CO, USA 80002
industry to build for the future www.emu.systems
through simplified, standardized, US +1(833) WILD EMU

Passive systems.


http://www.emu.systems
http://www.emu.systems

SWS003.2
Swisspacer
emu August 10, 2020

REPORT Page 6 of 30

The purpose of the CR score is to allow different products to be compared to
one another, not to assess the actual risk of condensation on one specific
product as part of the design process.

Due to its mathematical nature (i.e. average of average values), the CR score
does not represent a tool to be used in the professional practice, in combination
with other design parameters (design room temperature and RH, external
temperature etc.).

For this reason, for the purpose of calculating localized internal temperatures
on the glass edge with the goal to avoid condensation, this report refers to the
‘Temperature Factor' method (fRsi value) as described in ISO 13788.

fRsi=(Tsimin-Te)/(Ti-Te)

. fRsi: temperature factor (from ISO 13788 FEM modeling)

. Ti: room temperature

. Te: external temperature

. Tsi_min: localized lowest temperature on the model considered (e.g. frame/glass unit
combination)

Formula 03: Definition of temperature factor (fRsi value), as described in ISO 13799.

Once the fRsi value is calculated via finite element method (FEM), the localized
lowest temperature on the internal surface can be calculated by reversing
Formula 3, as follows:

Tsimin=Te +fRsi *(Ti-Te)

Formula O4 (rev. of Formula 03): calculation method to determine the lowest localized
temperature (Tsi_min), given any combination of internal/external temperature, and
temperature factor fRsi.
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The temperature factor described in ISO 13788 is the same as illustrated in CSA
A440.2, with the only difference being that the CSA method relies on testing on
physical specimen instead of FEM modeling.

Condensation Risk: Climate-Specific Benchmarking

The risk of condensation is associated to the combination of low localized
temperatures on the internal surface of building components (Tsi_min), and to
relative humidity inside buildings.

For the purpose of avoidance of mold/condensation inside airtight buildings, the
International Passive House institute (PHI) has developed a climate-specific
criterion ('"Hygiene Criterion") to benchmark the temperature factors against as
part of the design/specification process.

With reference to the following sources, the minimum temperature factors to be
met by climate to avoid mold/condensation by design are listed in Table O1.

ASHRAE: “Climatic Data for Building Design Standard”.

International Passive House Institute (PHD: “Criteria for the Passive
House, EnerPHit and PHI Low Energy Building Standard - Hygiene
Criterion”.

Bonilauri, E: “Better Climate Zone Mapping for Passive House in Different
Countries”.

Note that the boundary conditions used by PHI in calculating the temperature
factors slightly vary from the ISO 13788 ones.
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1 Very Hot -

2 Hot -

3 Warm 0.55
4 Warm, Temperate 0.65
5 Cool, Temperate 0.70
6 Cold 0.75
7 Cold 0.75
8 Arctic 0.80

I Zone 8: 27000 HDD
I Zone 78: 6000-6999 HDD
I Zone 7A: 5000-5999 HDD
I Zone 6: 4000-4999 HOD
I Zone 5: 3000-3999 HDD
1" Zone 4: <3000 HDD

Image O1: Climate zones of Canada according to ASHRAE Standard 169.
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Physical Properties of Materials

Physical properties of materials, including thermal conductivity (A value) and
emissivity (&) were sourced from the following standards:

NFRC101-2017: “Procedure For Determining Thermophysical Properties of
Materials For Use in NFRC-Approved Software”.

ASHRAE: “Handbook of Fundamentals, 2017 edition”.

ISO 10456: "Building Materials and Products: Hygrothermal Properties.
Tabulated Design Values and Procedures for Determining Declared and
Design Thermal Values”

Software

The energy modeling of the window frame/ glass spacer/ glass unit
combinations was executed via finite element software (FEM) Dartwin Frame
Simulator v.5 for the heat flow portion of the analysis. The results were used to
determine the U-factors illustrated later. While being validated according to the
same ISO 10211 standard as Therm, Dartwin Frame Simulator is not an NFRC-
approved software. Differences in the results between the two softwares should
be limited to the admissible margin allowed for software validation.

The modeling of the temperature factors (fRsi values) according to ISO 13788
was executed with Dartwin Mold Simulator v.5.
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Modeling Combinations

Window Frames

Nine different window frame profiles were selected as part of this study, with
the intention to cover a range of frame types, materials, and operation, glass
units, and overall energy performance.

While the list of frames included does not cover all options available on the
Canadian market, it can be considered to be significantly representative for the
scope of this report.

Th. Broken Double Casement
Aluminum Pane Outswing
D-112 | PVC Double Casement
Pane Outswing
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Timber Double Casement
Pane Outswing
D-121 | Th. Broken  Triple Pane  Casement
Aluminum Outswing
D-122 | PVC Triple Pane  Casement
Outswing
D-123 | Timber Triple Pane  Casement
Outswing
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D-132

Insulated
PVC
(phB-grade
Passive
House
window)

Triple Pane

Dual Action
(tilt/turn)

D-133

Insulated
Timber
(phA-grade
Passive
House
window)

Triple Pane

Dual Action
(tilt/turn)
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Glass Spacers

Five types of glass spacers were used in the modeling, in order to provide a wide
enough range of performance for the analysis.

Information for the spacers was sourced from:
LBNL: “Window Spacers and Edge Seals in Insulating Glass Units: A Stage-

of-the-Art Review and Future Perspectives”

For greater accuracy, the spacers were modeled according to their actual
materials and geometry, i.e. not via the 2-box model.

Table O3 summarizes the list of glass spacers, including main spacer materials,
and section drawing.

Table 03: Glass Spacers Used in Modeling

# Material Type Section View Heat Flow Rate

(On D-122)
1 Aluminum Standard
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Table 03: Glass Spacers Used in Modeling

# Material Type Section View Heat Flow Rate
(On D-122)
2 Stainless Steel Standard
3 Stainless Steel Improved
4 Plastic + Warm Edge
Aluminum Seal
5 Plastic Warm Edge
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Glass Units And Sealants

Two types of insulated glass units were considered for the modeling, as shown in
Table 02:
. Double Pane Glass: 4mm LoE272 on #2/14mmAr90/4mm Clear (COG U-factor 1.424 W/m2K)

. Triple Pane Glass: 4mm LoE272 on #2/14mmAr90/4mm Clear/14mmAr90/4mm LoE272 on #5
(COG U-factor 0.697 W/m2K)

All glass units were modeled sealed with hot melt butyl.
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RESULTS

Interpretation of Results

The modeling results are provided in the following pages in terms of absolute
values (U-factors), improvement over the baseline (i.e. the aluminum spacer), as
well as resulting internal surface temperatures.

The results also include average values per data point. Those values are linear
mean values across the results listed in the individual tables. This is intrinsically
inaccurate, as the values refer to significantly different types of window frames.
However, the number and diversity of the frames modeled was considered broad
enough, and diverse enough, so that the resulting averages can provide valuable
feedback. As inaccurate as linear averages may be, simplicity was given priority
rather than looking for a more sophisticated, just as disputable weighing
method.

Color Coding

Tables listing U-factors for different combinations of window frames, glass
spacers, and glass units are provided without color coding.

Tables listing results in improvements (%) in U-factors, as well as temperature
factors (fRsi) and internal temperatures are shown with automatic color coding
of the cells background. This is executed on an algorithm basis across individual
tables, in order to enhance result readability.

TRAINING | SERVICES | SYSTEMS 5610 Ward Rd #300
Empowering the construction Arvada, CO, USA 80002
industry to build for the future www.emu.systems
through simplified, standardized, US +1(833) WILD EMU

Passive systems.


http://www.emu.systems
http://www.emu.systems

SWS003.2
Swisspacer
emu August 10, 2020

REPORT Page 17 of 30

U-factors

Tables 04-06 summarize the U-factors of window frames (Ufr), edge of glass
(Ueog), and whole window (Uw) for the combinations of frame, glass unit, and
glass spacer.

Frame U-factor (Ufr Thermal Transmittance, W/m2K)
According to ISO15099 Alternative Method, and NFRC Conditions Glass Spacer
Glass Wind F Alomi inl Steel, Stainl Steel, Swi Swi
Unit Case indow Frame uminum AN improved Adkidnce Ultimate
B Alumi Fi i
¢ [D-m L PO AR P Coswmecs 24809 24107 23573 23689 22936
& - y
¢ [pm Yimt Ecome, Carement Jutsiing 11048 1.0298 0.9647 0.9692 08733
3 Wood Frome, C Outewi v
S |pms Fame: CasAmAREOvEAing 14700 13830 13128 13268 12284
r W
D-121 i TARDRRITFrams Commick 18691 17426 16699 16721 15960
Vinyl F , C s} L
D-122 WA Frame Gosemant Queswing 1.0403 09085 08194 0.8270 0.7183
ry | 2
§ |os {ood Frame, Casement Outswing 12716 11562 10833 10964 10048
2 Thermally Broken Insulated Aluminum Frame, Dual L
g |pm imiiipe e 12969 11350 10350 10494 09261
Insulated Vinyl Fi . Dual Acti hB: Lo
D-132 nspiated Vi) Framex Duet actlen (phE) 0.8168 07597 07329 07230 0.6710
- L4
D-133 insulatecWeod Fesima; ust Acion (GHIAY 0.881% 07799 07128 07223 0.6363

Table 04: Frame U-factors resulting from the combination of window frames, glass unit, and
glass spacers listed in tables 02 and 03.
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Edge of Glass U-factor (Ueog Thermal Transmittance, W/m2K)
According to 1ISO15099 Alternative Method, and NFRC Conditions Glass Spacer
Glass c Wind Fram i inless Steel, Steel, S er
Unit ase mEow:Erame e Standard Improved Advance Ultimate
Thermally Broken Aluminum Frame, Casement
g |o-m bnitbon 22742 21551 20813 2.0626 19636
o inyl F
¢ [pm RS 22316 20786 19591 19484 17671
3 Wood Frome, C Outswi
S |pms Fame; CassmARESvsing 24954 22676 21015 20960 18727
Thermally Broken Aluminum Frame, Casement
D-121 bl 19927 17322 16034 15881 14389
Vinyl Fi , Ci (o] i
D-122 Rl 17301 14584 13002 12922 1.0829
@ F T i
f o= {ood Frame, Casement Outswing 18566 15373 13600 13521 11295
@
a Thermally Broken Insulated Aluminum Frame, Dual
2 |om e 15229 13042 11917 14741 1.0331
1! i . | Acti hi
D132 fasblatad: Vinys Frapne: Dual fedon (BhE) 15374 13104 11823 11631 09702
1! Fi s ] i A
D-133 insilatad Wood Feime: ust ACIon (LAY 15710 13298 11927 11820 0.9991
Table 05: Edge of Glass U-factors.
Whole Window U-factor (Uw Thermal Transmittance, Total Fenestration, W/m2K)
Per NFRC requirements, whole window standard sizes: Casement 600x1500 mm, |
Dual Action 1200x1500 mm Glass Spacer
Glass | i s inless Steel, Steel, Swisspacer Swissp
Unit ase: ncow:Frame o Standard Improved Advance Ultimate
1} Alumi Fi A
¢ [D-m L Bropn AR P TA Chswmeos 20868 20291 19889 19901 19345
& -
¢ [pm RS S 15355 14780 143% 14300 13601
3 Wood Frame, C tOutswi
S |pam S i 16913 16089 15466 15499 14648
Thermally Broken Aluminum Frame, Casement
D-121 bl 14869 13750 13153 13129 12472
Vinyl Fi , C [o] i
D-122 ADASEEn SESS RS SEY 1,041 0.9395 0.8770 08771 0.7969
Wood F . Ci O i
§ o rome Cosement Qutswing 11600 1.0467 09808 09833 09006
@
- Thermally Broken Insulated Aluminum Frame, Dual
g |om Hmipnde) 0.9864 09089 0.8645 0.8657 08107
Insulated Vinyl Fi . Dual Acti hB
D132 nacrbed Vi Fraone: Duel Actlen (phE) 0.8601 0.8082 07807 07747 0.7295
Insulated Wood Fi , Dual Acti HA,
D-133 naptat reme: CuclAcion (PHA) 0.8822 0817 07774 0.7784 0.7265

Table 06: Whole window U-factors.
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U-factors Improvements

Tables 07-09 illustrate the improvement on U-factors (frame, edge of glass, and
window, respectively) resulting from upgrading individual frames to better
performing spacers.

Improvements are illustrated by individual row, and referred to the baseline of
the aluminum spacer. The only variable that change in the modeling is the actual

glass spacer.

Improvement: Frame U-factor (Ufr Thermal Transmittance)

Baseline: Aluminum Spacer

Glass Spacer

8:::5 Case Window: Frame Alominen Smndosr:eel‘ ° I;n.prov:;e " —Advonce PUIﬁmate

g [o-m AL YoM AR Pt Commae 0.0% 28% -5.0% -45% 75%
: [pm OSSN 0.0% -68% 127% 123%
& loms eSSt St 0.0% -5.9% -10.7% 9.7%
D-121 Ry DA SO Comens 0.0% -6.8% -10.7% -105%
D-122 i 0.0% 12.7% 212% 20.5%
§ |os i 0.0% 9.1% 8% -138%
é D-131 ey T st Akmloti Eraina. Dyt 0.0% 125% 202% 191%
D-132 e R O e e 0.0% 7.0% -103% M5%
D-133 SRS i 0.0% 5% -191% -18.0%

Average 0.0% -8.3% -13.9% -13.3% -20.6%

Table O7: Improvement on frame U-factors, compared to the aluminum spacer baseline.
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Improvement: Edge of Glass U-factor (Ueog Thermal Transmittance)

Baseline: Aluminum Spacer Glass Spacer
Glass 2 = Stainless Steel, Stainless Steel, Swisspacer Swisspacer
unit |Cose Window Frame Aluminum - Ad Ultimate

Thermally Broken Aluminum Frame, Casement

¢ |o-m it 0.0% 2% 85% -9.3% 137%

2 e —

§ D-112 Vet Frame: Cossmant otanion 0.0% -6.9% 122% -127% -208%
D-113 Wocd Py Casamant Ottsiving 0.0% 9% 158% 16.0%

D121 g\:::tl:z Broken Aluminum Frame, Casement. 0.0% 131% 19.5% .20 3%

Vinyl Frame, Casement Outswing

D-122 0.0% -15.7%
5 D-123 Wood Frame, Cosement Outswing 0.0% 17.2%
o - T
g D-131 xm:yhg;ohn Insulated Aluminum Frame, Dual 0.0% 144% j _@
D-132 Insulated Vinyl Frame, Dual Action (phB) 0.0% 14.8%
D-133 Insulated Wood Frame, Dual Action (pHA) 0.0% 154%
Average | oo% | 4w | we% | -203%

Table 08: Improvement on edge of glass U-factors, compared to the aluminum spacer baseline.

Improvement: Whole Window U-factor (Uw, Total Fenestration, NFRC)

Baseline: Aluminum Spacer Glass Spacer
Glc.ls s Window Frame FYPaTio Stainless Steel, Stainless Steel, S\:n:spuccr Swusspo«r
Unit P Ultimate

Thermally Broken Aluminum Frame, Casement

5 DM b 0.0% 28% -4.7% -46% 73%
Vinyl Fi , Casement il

g D-112 ! Frdme: Co Sutoing 0.0% 37% -6.8% -6.9% 1M4%

D-13 Wood Frare; Caserneor Otswing 0.0% 49% -86% -8.4% 134%

il i Fi X
D121 Lh:;n‘:g Broken Aluminum Frame, Cosement. 0.0% 75%

Vinyl Frame, Casement Outswing

D-122 0.0% -9.8%
é D-123 Wood Frame, Casement Outswing 0.0% 9.8%
] -
& Thermally Broken Insulated Aluminum Frame, Dual
= D-131 Action (9hC) 0.0% -7.9%
I Fi )
D132 Insulated Vinyl Frame, Dual Action (phB) 0.0% -6.0%
D-133 Insulated Wood Frame, Dual Action (pHA) 0.0% 4%
|average | oo% | -ee%

Table 09: Improvement on whole window U-factors, compared to the aluminum spacer baseline.

TRAINING | SERVICES | SYSTEMS 5610 Ward Rd #300
Empowering the construction Arvada, CO, USA 80002
industry to build for the future www.emu.systems
through simplified, standardized, US +1(833) WILD EMU

Passive systems.


http://www.emu.systems
http://www.emu.systems

SWS003.2
Swisspacer
emu August 10, 2020

REPORT Page 21 of 30

Energy Rating (ER)

Window energy rating (ER) was calculated according to Canadian Standard
CSA A440-2:19, as a combination of passive solar gains, heat losses, and air
leakage.

Tables 10-12 show the ER values of the combinations of window frame/ glass
unit/ glass spacer, by three incrementally higher levels of solar heat gain
coefficient (SHGC) selected for the glass unit. The air leakage was considered
constant across the models considered.

Energy Rating for Heating Conditions (ER, According to CSA A440:19)
According to CSA A440-2:19, 8.3, the formula used to calculate th average ER value
for all climates and all cardinal compass directions is: ER = (57.76 * SHGCw) - (21.90 * SHGCg 0.25 L75 01
Uw) - (1.97 * L75) + 40
Per CSA A440-2:19, whole window standard sizes: Casement 600x1500 mm, Dual Gl s
Action 1200x1500 mm ass.spacer
Glass c Wind F i i Steel, inless Steel, Swissp Swissp
Unit e e trame o Standard Improved Advance Ultimate
@ D-M Thermally Broken Aluminum Frame, Casement 2 3 4 4 5
&
2 D-112 Vinyl Frame, Casement Outswing 17 18 19 19 21
g D-113 Wood Frame, Casement Outswing 12 14 16 16 17
D-121 Thermally Broken Aluminum Frame, Casement 15 18 19 19 21
D-122 Vinyl Frame, Casement Outswing 28 30 3N 31 33
5 D-123 Wood Frame, Casement Outswing 24 27 28 28 30
F
;g D-131 Thermally Broken Insulated Aluminum Frame, 29 30 31 31 33
D-132 Insulated Vinyl Frame, Dual Action (phB) 3 32 33 33 34
D-133 Insulated Wood Frame, Dual Action (pHA) 3 32 33 33 34

Average ER Improvement o} | 2 | 3 ’ 33, -

Table 10: CSA A440:19 Energy Rating (ER) for the different combinations considered, assuming a
low solar heat gain coefficient for the glass unit (SHGC = 0.25).
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Energy Rating for Heating Conditions (ER, According to CSA A440:19)
According to CSA A&40-2:19, 8.3, the formula used to calculate th average ER value
for all climates and all cardinal compass directions is: ER « (57.76 * SHGCw) - (21.90 * SHGCg 040 L7s 01
Uw) - (1.97 * L75) + 40
::; :.51; oA::los:o‘?rm whole window standard sizes: Cosement 600x1500 mm, Duol Shois Spacer
e [Cose Wil e il Rarevionll Ryssiopl Ivecagll [l vine
2 D-m Th Ity Broken Alumi Frame, Ci 7 8 9 9 10
§ D-112 Vinyl Frame, Casement Outswing 23 24 25 25 27
g D-13 Wood Frame, Casement Outswing 18 20 pal 2 23
D1 Th Ity Broken Alumi Frame, C 20 23 2% 24 26
D-122 Vinyl Frame, Casement Outswing 34 36 38 38 39
é D123 Wood Frame, Casement Outswing 30 32 34 £ 36
.:5 D131 Th lly Broken Insulated Alumis Frame, 35 37 38 38 39
D-132 Insulated Vinyl Frame, Dual Action (phB) 37 38 39 39 40
D-133 Insulated Wood Frame, Dual Action (pHA) 37 39 39 39 “
‘Average ER Improvement o 2

Table 11: Energy Rating with intermediate solar heat gain coefficient (SHGC = 0.40).

Energy Rating for Heating Conditions (ER, According to CSA A440:19)
According to CSA AG40-2:19, 8.3, the formula used to calculate th average ER value
for oll climates and all cardinal compass directions is: ER « (57.76 * SHGCw) - (2190 * SHGCg 055 L75 01
Uw) - (1.97 * L75) + 40
:;;s‘:ok::‘os:o‘l:"‘vmoh window standard sizes: Cosemant 600x1500 mm, Duol Glais Spacer
S:::’ Case Window Frame Aluminum swsi':::::d‘ Swl:'\':"x:'" s:'m“’:" s::;’::'
# D-m Th Ity Broken Alumi Frame, C 12 3 14 1% 15
§ D-112 Vinyl Frame, Casement Outswing 29 N 32 32 33
3 D-13 Woed Frame, Casement Outswing 2% 26 27 27 29
D21 Th Ity Broken Alumi Frame, C: 25 28 29 29 Ell
D-122 Vinyl Frame, Casement Outswing 40 42 L4 44
5 D123 Wood Frame, Casement Outswing 36 38 40 40 “
é D131 Th Ity Broken lated Alumi Frame, 4 43 44 44 45
D-132 Insuloted Vinyl Frame, Dual Action (phB) 43 4t 44 45 46
D-133 Insulated Wood Frame, Dual Action (pHA) 43 45 46 46 47
IAveraga ER Improvement (o] 2

Table 12: Energy Rating with high solar heat gain

TRAINING | SERVICES | SYSTEMS
Empowering the construction
industry to build for the future
through simplified, standardized,
Passive systems.

coefficient (SHGC = 0.55).

5610 Ward Rd #300

Arvada, CO, USA 80002

www.emu.systems

US +1(833) WILD EMU


http://www.emu.systems
http://www.emu.systems

SWS003.2
Swisspacer
emu August 10, 2020

REPORT Page 23 of 30

Risk of Condensation

Condensation occurs as a combination of localized low temperatures (Tsi_min),
and relative humidity inside the building (RHi).

NFRC Condensation Resistance is purely an averaged score over multiple data
points, and it is designed to allow comparisons between different window
products. However, it is not of use when trying to assess the risk of
condensation on one specific product.

ISO 13788 temperature factor method is designed specifically to estimate the
risk of condensation on the internal surface of building components, including
fenestration products. The localized lowest localized temperature (Tsi_min) on
the internal surface of the combination of window frame/ glass unit/ glass
spacer is calculated with Formula 04, based on the fRsi value, and internal/
external temperatures Ti, Te.

The temperature factor described in ISO 13788 is the same as illustrated in CSA
A440.2, with the only difference being that the CSA method relies on testing on
physical specimen instead of FEM modeling.

Table 13 shows the minimum temperature factors (fRsi_min) necessary to avoid
condensation at different combinations of internal relative humidity (RHi), and
external temperature (Te) - room temperature Ti is assumed to be 21°C.

Table 14 lists the temperature factors (fRsi values) resulting from the FEM
modeling of the combinations of window frame/ glass unit/ glass spacer. By
comparing the values with Table 13, it can be assessed which combinations
result safer in preventing condensation via higher glass edge temperatures.

Tables 15-22 list glass edge temperatures based on the fRsi values shown in
Table 14, at different steps of external temperatures (i.e. -1.1, -9.4, -17.8, and -26.1
°C).
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Minimum Temperature Factors (fRsi_min) To Avoid Condensation
e |y o | sty | Sl | Mok Ve sold
Ti RHi Notes ‘ Torrg. Temperatures (Te)
*'C % *C Te=-11C | Te=-94°C |Te=-178"C|Te=-26.1°C
20 Too Dry For Comfort -4.0 -3.0 - 0.215 0.383 0.492
30 18 2.8 0181 | 0404 | 0532 | ©
211 40  |Optimal Range 62 1 72 0379 | 0548
50 26 106 | 0532
60 “D‘:"mzm"“‘""'“’" 125 135

Table 13: Minimum temperature factors (fRsi_min) required to avoid condensation at different
combinations of internal relative humidity, and external temperature.

Glass Edge Temperature Factor (fRsi Value)
The fRsi value is o pure number from FEM which ibes the physical i i room temp Ti, external temp, Te, and coldest
temperature on o window, as fRsi = (Tsi_min - Te) / (Ti - Te)
By G surfoce of
ghass combinotion can be calcuated as Tsi_min « Te « fRs * (Ti - Te)
Glass Case Window Frame
Unit
Thermally Broken Aluminum Frame, Casement
g [o-m Outswing
4
s D112 Vinyl Frame, Casement Outswing
3 D113 Wood Frame, Casement Outswing
Thermally Broken Aluminum Frame, Casement
D-121 Outswing
Fi 3 il
D122 Vinyl Frame, Casement Outswing
5 D123 Wood Frome, Cosement Outswing
o
& Broken Frame, Dual
I Action (phC)
[ iyl F . |
D132 insuloted Vinyl Frame, Ducl Action (ph8)
3 I
D-133 Insulated Wood Frame, Dual Action (pHA)

Table 14: Temperature factors (fRsi values) resulting from ISO 13788 FEM modeling of the
different combinations of window frame/ glass unit/ glass spacer.

The combinations having fRsi > fRsi_min result save from a condensation avoidance point of
view (i.e. glass edge temperature > dewpoint temperature).
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Glass Edge Temperature (Tsi_min, °C)
Based on the Glass Edge Temperature Factor (fRsi Value), and on
room temperature Ti, external temperature Te, listed on the right. Ti 21 Te
Glass Spacer
Gloss Stainless Steel, | Stoinless Steel, Swisspacer Swisspacer
unit |65 | WindowiFedrme Alummicien Standard Improved Advance Ultimate
¢ [om A RS n3 124 129 129 132
&
§ D2 Vi Frimet Cotment Outmtrg 108 121 134 132 %8
Wood Frame, Cosement Outswi =l
D-1m3 s Fremei S e . 85 106 13 21 %8
D21 oy Broten Saeinum Farme. Cosemant 124 %21 %8 %7 151
D122 Vingh Fearma; Caséstant Outsdng 16 136 150 %8 164
W Fi , Cosement il
f o= O i Coseme UG n2 136 152 15.0 13
. -
= Broken Frame, Dual
2 |om Polipicbl 137 154 %4 6.4 74
D132 Ineuiated Viny) Frome; Dual Scsion (pho) 131 %7 160 158 73
D133 foaslabed Wood Eromei Dust Action (et 129 %b 159 157 174
|average [ m7 [ ms %6 ws | 18

Table 15: Lowest temperature on the glass edge (Tsi_min), resulting from the combination of the
temperature factors, room temperature (Ti = 21°C), and external temperature (-1.1°C).

Temperature Difference on Glass Edge (dTsi_min, °C)

Based on the Glass Edge Temperature Factor (fRsi Value), and on

room temperature Ti, external temperature Te, listed on the right. Ti 21 Te -
Baseline: Aluminum Spacer Glass Spacer
Glass Stoinless Steel, | Stainless Steel, Swisspacer Swisspacer
Unie  [C9%¢ | Window: Frame Alominom Stondard Improved Advance Ultimate
o o
¢ [om Ml o 00 1 16 16 19
4
e DR Vinyl Frame, Cosement Outswing 0.0 13 ?-6 24
Fe 3
§ D113 Yiood FromsiCoummet Overine 00 20
D2 ‘:\«mo'l.l'y Broken Aluminum Frome, Casement 00 17 24 23 27
- : ==
D-122 A —— 00 20 » 2
Wood Frame, Casemant i
§ D123 lood Frame, Cor Outswing 00 2%
® -
a Broken Frame, Dual o
£ |o= Action (PhC) 0.0 16 26
iyl Frome, Dual =
D132 Insuloted Vinyl Frome, Dual Action (phB) 0.0 16 ?.7
D133 Insulated Wood Frame, Dual Action (pHA) 0.0 18 23

Table 16: Temperature difference on glass edge (°C), compared to the aluminum spacer.

TRAINING | SERVICES | SYSTEMS
Empowering the construction
industry to build for the future
through simplified, standardized,
Passive systems.

5610 Ward Rd #300

Arvada, CO, USA 80002

www.emu.systems

US +1(833) WILD EMU


http://www.emu.systems
http://www.emu.systems

®emu

REPORT

SWS003.2
Swisspacer
August 10, 2020
Page 26 of 30

Glass Edge Temperature (Tsi_min, °C)
|Based on the Glass Edge Temperature Factor (fRsi Value), and on
room P Ti, P Te, listed on the right. Ti 21 Te
Gloss Spacer
Gloss Stoinless Steel, | Stoinless Steel, Swisspacer Swisspacer
unit  |CO%® | WindowiFrdivie Ao Standard Improved Advance Ultimate
¢ [om Ll sadasn il 91 98 98 102
& —
e D12 Vinyl Frame, Cosement Outswing gﬁ 105 103 124
Fi h
2 D113 Wood Frame, Casement Outswing 124
DAz m'l.luy Broken Aluminum Frome, Casement 1s 123 129
D122 Vinh Froma; Casestent Otstng 108 127 125 %6
Fi , Casement
f o= e o, Commm Olring 108 130 27 %s
L3 —
- Broken Frame, Dual
g |om Pasiipib 132 %6 %6 6.0
Fi N
D132 fneskated Viny] Frome: Dutal Action (pho) 104 123 %0 138 15.8
D133 fngdotd Wosd Fomei Dopt Action (HA) 98 122 19 137 156
|average g 106 122 20 | s

Table 17: Lowest temperature on the glass edge (Tsi_min), resulting from the combination of the
21°C), and external temperature (-9.4°C).

temperature factors, room temperature (Ti =

Temperature Difference on Glass Edge (dTsi_min, °C)

Based on the Glass Edge Temperoture Factor (fRsi Value), and on
room P P Te, listed on the right. Ti 21 Te
Baseline: Aluminum Spacer Glass Spacer
Glass Stoinless Steel, | Stainless Steel, Swisspacer Swisspacer
unit  |[C9%e  Wiiiow Frame Alurioun Stondord improved Advance Ultimate
. DM 'Io'rmrm'l.lgyarduan Frame, Cosement 00 15 22 22 27
4 F Sement OUtswi
s [om Vi Feame; Ce ) 00 18
§ D13 ead Freme Smmet Oneeing 00 28
DAz °I h«mw,lz Broken Aluminum Frome, Casement 00 u
D12 Vi FremaC Casdmant Ousiing 00 28
5 D-123 Wood Frame, Casement Outswing 00
32 Broken inum Frame, Dual x
3 2 ;
g o Kol 0.0 22
D132 Insulated Vinyl Frome, Dual Action (phB) 0.0 23
D133 Insulated Wood Frame, Dual Action (pHA) 0.0 u
IAveruge I 0.0 | 24

Table 18: Temperature difference on glass edge (°C), compared to the aluminum spacer.
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Glass Edge Temperature (Tsi_min, °C)

Based on the Glass Edge Temperature Factor (fRsi Value), and on
iy |

D-m Outswing

room P Ti P Te, listed on the right. Ti 21 Te -
Gloss Spacer
Gloss Stoinless Steel, | Stoinless Steel, Swisspacer Swisspacer
unit  [C9%e | Window:Frame Alomioom Standard Improved Advance Ultimate
Broken Aluminum Frame, C

D12 Vinyl Frame, Cosement Outswing

Double Pane

Wood Frame, Casement Outswing

D113
= Thermally Broken Aluminum Frame, Casement

D- Outswing

D2 Vinyl Frame, Casement Outswing
g D123 Wood Frame, Cosement Outswing
s =
= Broken Frame, Dual
g o= Action (phC)

D132 Insuloted Vinyl Frome, Dual Action (phB)

D133 Insulated Wood Frame, Dual Action (pHA)

IAverage

Table 19: Lowest temperature on the glass edge (Tsi_min), resulting from the combination of the
temperature factors, room temperature (Ti = 21°C), and external temperature (-17.8°C).

Temperature Difference on Glass Edge (dTsi_min, °C)

Bosed on the Glass Edge Temperature Factor (fRsi Value), and on
room temperature Ti, external temperature Te, listed on the right.

Ti z"" T‘ -

Baseline: Aluminum Spacer

Glass Spacer
Glass Stoinless Steel, | Stoinless Steel, Swisspacer Swisspacer
unit  [C9%¢ Winlow:Fedrmie Alumiaoe Standard Improved Advance Ultimate
inum Fi
. D gurm'l‘l: Broken Aluminum Frame, Casement 00 19 28 ”
& Vinyl Fi sement Outswi -
§ DM o Fratm Coshment Outrwing 00 23
Wood Frame,
D113 jood Frame, Casement Outswing 00
DAz 'I;wmrl'l;' Broken Aluminum Frome, Casement 00 a\b‘
D2 Vinyl Frame, Casement Outswing 00
5 D-123 Wood Frame, Casement Outswing 00
s o
2 Broken Frame, Dual T
g o Action (phC) 0.0 28
D132 Insulated Vinyl Frame, Dual Action (phB) 60
D133 Insulated Wood Frame, Dual Action (pHA) 00
lAverage 0.0

Table 20: Temperature difference on glass edge (°C), compared to the aluminum spacer.
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Glass Edge Temperature (Tsi_min, °C)

D-m Outswing

Based on the Glass Edge Temperature Factor (fRsi Value), and on
room P Ti, | temp Te, listed on the right. Ti 21 Te
Glass Spacer
Gloss Stoinless Steel, | Stainless Steel, Swisspacer Swisspacer
unie  [C9%e | Window Frammie Alomicom Standard Improved Advance Ultimate
Broken i Frame, C:

D12 Vinyl Frame, Cosement Outswing

Wood Frame, Casement Outswing

Double Pane

D113
= Thermally Broken Aluminum Frame, Casement
D- Outswing
D2 Vinyl Frame, Casement Outswing
g D123 Wood Frame, Casement Outswing
s =
a Broken Frame, Dual
£ [ow Action (phC)
inA Fi 2 |
DR Insulated Vinyl Frome, Dual Action (phB)
D133 Insulated Wood Frame, Dual Action (pHA)

|Average

Table 21: Lowest temperature on the glass edge (Tsi_min), resulting from the combination of the
temperature factors, room temperature (Ti = 21°C), and external temperature (-26.1°C).

Temperature Difference on Glass Edge (dTsi_min, °C)

Based on the Glass Edge Temperature Factor (fRsi Value), and on
room temperature Ti, external temperature Te, listed on the right.

Ti z‘" T‘ -

Baseline: Aluminum Spacer

Glass Spacer
e [Cose Window Frame st | T | T | o | e

s [o-m b DD A ECOC 00 23
i D-112 Ving Frame; Csemank Outswing, 0.0 28
3 D13 Wood Frame, Casement Outswing 00

DAz m:z Broken Aluminum Frome, Casement 0.0

D22 Vinyl Frame, Casement Outswing 00
5 D23 Wood Frame, Casement Outswing 00
.3:‘ D131 Ripdbered e Pronm DN 0.0

e Insulated Vinyl Frome, Dual Action (phB) ab

D133 Insutated Wood Frame, Dual Action (pHA) 0.0

lAverage

o | v (e

Table 22: Temperature difference on glass edge (°C), compared to the aluminum spacer.
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CONCLUSIONS

The Canadian construction industry is undergoing significant changes in terms
of how quality is measured in buildings, and the expectations and liability that
come with it.

Energy codes now require buildings to be airtight, yet they still fail in thoroughly
addressing the consequences associated with this practice in terms of building
science and proper moisture management. Design teams often still limit their
work to traditional siloed scopes, without realizing how interrelated different
portions of the building have become. For example, specifying a traditional
aluminum glass spacer now has consequences on the building moisture
management, and impacts other scopes of the design (e.g. the mechanical
system).

This increase in risk of moisture-driven damages is still largely unknown to many
Canadian AEC professionals.

The purpose of this report was to assess the impact of different glass spacers
on the performance of Canadian fenestration products. The evaluation covered
both energy performance, and avoidance of moisture-driven damages
(specifically, condensation).

Table 09 illustrates the improvements on the whole window U-factors provided
by using better glass spacers. Compared to the baseline of aluminum spacers,
the use of warm edge spacers such as Swisspacer Ultimate allows to reduce the
heat losses by up to over 22%, and about 16% in average across all window
products considered.

Furthermore, tables 10-12 show the improvement of the window energy rating
(ER) for residential use, depending on the type of glass spacer used.
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However, the critical advantage of using warm edge glass spacers lays in the
higher glass edge temperatures resulting from the heat loss reduction. Based on
the temperature factor method, tables 15-22 list the lowest localized
temperatures (Tsi_min). Warm edge spacers such as Swisspacer Ultimate
provide considerably higher glass edge temperatures compared to the aluminum
spacer baseline: from +4.1°C temperature difference at -11°C external
temperature (Table 16), to +8.7°C temperature difference at -26.1°C external
temperature (Table 22).

With buildings becoming more airtight and closer to zero energy consumption,
accurate detailing and selection of climate-suitable components become critical
steps towards ensuring project success. The results of the analysis summarized
in this report clearly show how much of a difference warm edge glass spacers
can make both in terms of energy efficiency, and prevention of condensation.
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