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•  Hot Frames, Good Bones, Great Anatomy 
•  Looking at Glass and Spacers 
•  Your responsibility: Design & Install 
•  Reading the Ratings 
•  The Alaska Special 
•  Fluff, lies and B.S. 
 



Every House needs good windows 
Triple glazing: the new normal? 

They can be part of 
your heating system 
(or not!) 

Image 1: Enersign.de, Image 2: passivehausfenster.at , Image 3: optiwin-usa.com 



Using A Performance lens 

* Comfort criterion: no interior surface temp >	
  5⁰F	
  ∆T	
  	
  

• Location 
• Shape 
• Orientation 
• Glazing 
• SHGC 
• Shading 

• Occupants 
• Lighting 
• Electronics 
• Appliances 
• Mechanicals 
• HW storage 

• Insulation 
• Thermal Bridging 
• Windows/Doors 

• Glass U-value 
• Frames 
• Install 

• Air Sealing 
• HRV 

GAINS LOSSES 

( QS + QI ) – ( QT + QV ) = QH    

Formula from Passive House Planning Package by Passive House Institute, Germany, Graphic courtesy: www.OneSkyHomes.com 



Windows have pluses and minuses 

 
LOSS ITEMS: 
•  Frames 
•  Glass 
•  Glazing spacers 
•  Installation edge 
 
GAIN ITEM: 
•  Glass 

And should be ‘Energy Positive’ 



Source: Analysis of Heat Loss Reduction through window edges by E. isevieius, V. Staponkus, &  A. Jurelionis; Kaunas University of Technology, Lithuania. 2005 

Images: Lorna Fear IR images 

The big losers here 



Specify good glass 

Scanned from: Residential Windows by John Carmody et al 



Select good spacers 



Specify good frames 

Left: Scanned from: Residential Windows by John Carmody et al, Right: Graphic from EnerSIGN brochure, Pazen Fensterteknik 

With different Jamb and Sill profiles! 



But not too much frame 

Source: Protokollbund Nr. 37, Passive House Institute, Darmstadt, Nov. 2008 

(Less frame, more glazing can lower your Heating Demand) 



Source: ARCHnews Green Column, June 2009. Dan Johnson, danjoh99@gmail.com 

Darwinian window evolution: 
what has improved? 



The Goldilocks approach: 

•  Frame: wood, PVC or Fiberglass 
•  Glass: 3-pane, various SHGC 
•  Spacers: warm edge only 

Good architecture always stands out: from standard requi-
rements and from standard designs. For it is often necessary
to think ahead and go one step further. This philosophy
can result in differences and an architecture which follows
new paths: through new design, new functions and new
principles, which assist human beings in their quest for
free thinking and an individual approach. As a newly deve-
loped, directly glued wood-glass window system in all-glass
design, walchwindow04 impresses with a whole range of
unique details.

The external ESG pane protects the entire window structure
against environmental influences and weather. From the
outside, the window therefore appears as a maintenance-
free all-glass facade. At the same time, the glass pane also
acts as a stiffening element, contributing to a slim wooden
frame with excellent noise and heat insulation figures with
an increased area for incident light.

An important criterion in the development was to provide
the usual architectural grid of up to 2.5 m between centres
with one opening casement. This enables economical all-
glass facades to be produced where it is almost impossible
to tell from the outside whether the windows are fixed or
opening.

A further highlight is the specially developed swivel fitting,
which enables the window to be opened or swivelled. This
enables the outside pane to be easily cleaned from the
inside. All models in the walchwindow04 range can of course
be fitted with drive motors incorporated flush with the
wooden frame.

walchwindow04 was awarded a number of prizes and
acknowledgements for its special innovations and unique
design.

A builder who uses only the very best
materials does not choose second-best
when it comes to windows.

How a window system demonstrates
its outstanding development.

The development of the walchwindow04 was supported
as part of the “House of the Future (Haus der Zukunft)” re-
search programme – a joint venture of the Austrian Ministry
of Transport, Innovation and Technology with the Research
Promotion Agency and the Vorarlberg State.

The objective of this programme is to develop and distribute
components, structural elements and building methods
for dwellings, offices and commercial buildings, which
stand out particularly in the field of solar and energy-efficient
construction. This involves the promotion of key technolo-
gies from the development of low or zero-energy houses
to the “plus energy house”, which is based on a building
concept with a sustainable energy system, while at the
same time keeping the quality of living in mind.

2006 | The window received re-
cognition in the form of the 2006
Vorarlberg innovation prize for inno-
vations in the development of the
product.

2007 | The window received the
internationally acknowledged “red-
dot design award 2007”: Best of
the Best in the “product design”
category.

2007 | Awarded the “Adolf Loos
Staatspreis Design”.

2008 | Nominated for the Design
Award of the Federal Republic of
Germany.

2008 | Awarded the “Grandesign
Etico International Award”.

2009 | The walchentrance09 re -
ceived the internationally acknow -
ledged “reddot design award `09”:
Winner `09 in the “product design”
category.

    Information

Unique design
The invisible window frame option is unique. From 
the outside the window appears as a facade.

Perfect technology
Casement can be swivelled up to 165° - cleaning 
becomes child's play.

Frameless in the wall
Opening casements can be integrated into the wall to
give the impression of a frameless window.

ESG glass pane for all-over protection
Complete protection of the wooden frame on the 
outside and reduced maintenance costs.

Excellent sound absorption 34 – 48 dB
Your rooms are a place of calm.

Outstanding heat insulation
Uw 0.79 W/m2K – 1.3 W/m2K
You save energy and costs.

Spruce as standard
Dovetailed spruce laminates are used as standard for
the walchwindow04. Other types of wood such as oak
and larch are available at extra cost.

Opening casements up to 2.5 m between centres
With only one opening casement, the walchwindow04
enables economical all-glass facades to be produced
which give the impression of fixed glazing.

Design on the outside.
Technology on the inside.

Here are the results of tests carried out by
ift Rosenheim, Timber Research Austria and
HSB Biel:

Excellent noise insulation figures:
The noise transmission within the system is
interrupted right at the outside due to the
flexible adhesion of the outer pane. This results
in excellent noise insulation figures.

Outstanding heat insulation properties due
to the specially developed swivel fitting:
Heat insulation according to EN ISO 10077-1
and EN 10077-2.
The Uw values are considerably improved for
larger formats due to the narrow frames and
the resulting very low proportion of frame
with regard to the overall window size – an
advantage which often plays a major role in
the property sector. The excellent insulating
properties of the silicone foam glass edge
bond (psi = 0.033 W/m2K) improve a decisive
area of window construction with regard to
noise and heat insulation properties.

Tested and awarded
the highest marks.

Operating force according to EN 13115

Air permeability according to EN 12207

Watertightness according to EN 12208

Resistance to wind load according to EN 12210

Mechanical durability according to EN 12400

Racking according to EN 13115

Static torsion according to EN 13115

Impact resistance according to EN 13049

System test Open. casement Fixed window
Class 1

Class 4

Class E1200A

Class C4

Class 2

Class 2

Class 2

...

...

Class 4

Class E1200A

Class C5

...

...

...

Class 4

         
       

      

      

       

        

 

 

 

 

 

        
   

   

 

 

 

 

 

 

       
   

   

 

 

 

 

 

 

     

     

    

       

     

    

     

     

   
 

 

 

 

 

 

 

 

 

 

 

         
       

      

      

       

        

 

 

 

 

 

        
   

   

 

 

 

 

 

 

Fixed window (test size 123 x 148 cm)
Double heat insulating glazing

Triple heat insulating glazing

Ug=1.1 W/m²K

Ug=0.6 W/m²K

Uf=1.35 W/m²K

Uf=1.06 W/m²K

Uw=1.3 W/m²K

Uw=0.79 W/m²K

     

     

    

       

     

    

     

     

   
 

 

 

 

 

 

 

 

 

 

 

         
       

      

      

       

        

 

 

 

 

 

 Opening casement (test size 123 x 148 cm)
Double heat insulating glazing

Triple heat insulating glazing

Ug=1.1 W/m²K

Ug=0.6 W/m²K

Uf=1.66 W/m²K

Uf=1.38 W/m²K

Uw=1.3 W/m²K

Uw=0.83 W/m²K

       
   

   

 

 

 

 

 

 

     

     

    

       

     

    

     

     

   
 

 

 

 

 

 

 

 

 

 

 

Weighted sound absorption value between 34.7 dB and 48 dB
4 (6) ESG / 20 / 4 Float

8 ESG / 20 / 4 Float

10 ESG / 20 / 6 Float

10 ESG / 20 / 8 VSG Si

9 VSG Si / 20 / 12 VSG Si

34 dB

37 dB

40 dB

46 dB

48 db

        
   

   

 

 

 

 

 

 

       
   

   

 

 

 

 

 

 

Rratings 

Image 1: Enersign.de, Image 2: passivehausfenster.at , Image 3: walchfenster.at 



National Fenestration 
Rating Council (NFRC) 

•  U.S. based 

•  No minimum standards 

•  Simulation and product test 

Passive House Institute: 

•  German based 

•  Set performance standards 

•  Simulation only 

The Rating Systems 

From presentation: ‘A Tale of Two Rating Systems’ by B. Barry, October 2011 



1. Uw  </=  0.8 W/m2K 
(0.14 BTU/hrft2F or 6.7 hrft2F/BTU) 
 

2. Uw installed </= 0.85 W/m2K 
 

3. fRsi (temperature factor at edge of 
glass)  

 
 
(Varies for other transparent components, including curtain walls, 

roof domes and skylights. See document: Certification 
criteria and calculation regulations Passive House Suitable 
Transparent Components Version 1.0 E, 16. May 2011)   

Image from ENERsign brochure: http://www.qplus-llc.com/index.php?id=1191&L=   

PHI’s Certification Criteria 



Simulation: 
1. Uwindow (required) 

2. SHGC (required) 
3. Air Leakage (optional) 
4. Visible Light 

Transmittance 
(optional) 

 

Verification: 
1. Destructive test of 

window sample 
2. Factory inspection 
 

Image from NFRC website: http://nfrc.org/fenestrationfacts.aspx  

NFRC’s Certification Criteria 



(Ucog*Acog) + (Uf*Af) + (Uedge*Aedge)                                                     
   Aw 

Uw = 

Ucog  

Acog  

Uf  

Af  

Ucog  = U-value glass 
Acog  = Area glass 

Uf   = U-value frame 

Af   = Area frame 

Uedge = U-value edge of 
glass 

Aedge  = Area edge of glass 
Aw = Area Window 

Uedge  

Aedge  

How the NFRC rates windows 

From presentation: ‘A Tale of Two Rating Systems’ by B. Barry, October 2011 



(Ug*Ag) + (Uf*Af) + (ψspacer*Lg) + (ψinstall*Lf)                           
    Aw 

Uw-installed = 

Ug  

Ag  

Uf  

Af  

Lg  

Lf  

ψinstall                     

ψspacer
                     

How the PHI rates windows 

From presentation: ‘A Tale of Two Rating Systems’ by B. Barry, October 2011 



Pazen ENERsign Tilt and Turn Jamb profile 

Images from ENERsign brochure: http://www.qplus-llc.com/index.php?id=1191&L=   

The same window 



Component NFRC PHI 

Window size  1.8 m2 1.82 m2 

Width of frame *  0.15 m 0.1 m 

Delta T in Therm Boundary condition 39 deg C 30 deg C 

U-glass 0.73 W/m2K 0.7 W/m2K 

Spacer vs edge of glass 0.22 W/K 0.15 W/K 

Final U-window value (metric) 0.79 W/m2K 0.77 W/m2K 

Final U-window value (IP) 0.139 BTU/hr.ft2.°F 0.135 BTU/hr.ft2.°F 

Final R-value 7.18 hr.ft2.°F/BTU 7.37 hr.ft2.°F/BTU 
* Frame size variation is due to different profile options submitted by manufacturer’s representative 
to the two testing agencies and is not a protocol difference. 

From Oct. 2011 study by B.Barry: ‘A Tale of Two Rating Systems’ based on the simulation 
results for the ENERsign profile, calculated by others, using the two testing protocols being 
compared here. 

Generates different results 

EyeCandy 



The ‘Go Home’ receives USGBC 2011 Project of the Year 
Award 
G.O Logic Homes, Belfast, Maine 
www.gologichomes.com 

Some Cold Climate eye candy 



R-House, Syracuse, NY wins AIA Housing Award 2011 
Della Valle Bernheimer and Architecture Research Office 
www.d-bd.com and www.aro.net 
Image credits: della valle bernheimer 

Some Cold Climate eye candy 



Carbon Neutral & Net Energy + 
Passive House 
in…. WISCONSIN! 
 
TE Studio 
www.testudio.com 
Image credits: tim eian 

Fossil-fuel free home + 
Passive House 
in…. ALASKA! 
 
Thorsten Chlupp 
www.cchrc.org 
Image credits: sam harel/newsminer 

Some Cold Climate eye candy 



A  B C
D

So what can I do? 

Window  
Width Ht Total  U-

installed Cost/sf 

(") (") SF BTU/hr.ft2.F $ 
A-1 26 3/8 46 5/8 

24.1 

0.14 

$143.12 A-2 29 5/8 46 5/8 0.14 

A-3 56     15 3/8 0.15 

B-1 26 3/8 62     
24.1 

0.14 
$121.23 

B-2 29 5/8 62     0.14 

C 49 3/5 70     24.1 0.13 $83.56 

D 45 5/7 76     24.1 0.13 $83.31 

Better Design Choices: 
 
•  Large openings 
•  Taller or vertical 
•  Fixed preferable 
•  Casement only for 

operable 
•  No muntins and 

minimal mulls 



Design and Image Source: zanderroth architekten, with thanks to bruteforcecollaborative.com for all vent panel image sourcing 

Why put glass in it? 



Vent panels are an option 

Design: Sauerbruch & Hutton’s UBA-Dessau, Project: Passivhaus school in Riedberg 



Images: Left and bottom right: Wicona thermally broken ventilation flap for Wicline, Top right unknown. Source BFC 



Why make them straight? 

Design by: localarchitecture, Luasanne, Switzerland.  Foto: Milo Keller 



-  (  ) = 
U*L*dT 

U*L*dT 

U*L*dT 

U*L*dT / dT 

= Psi 
+ 

Consider your installation 



Source: Protokollbund Nr. 37, Passive House Institute, Darmstadt, Nov. 2008 

POOR:  Uw(installed)  = 0.85 W/m2K/m2K 
 Psi-install = 0.033 W/m2K 

BETTER: Uw(installed)  = 0.83 W/m2K0 W/m2 
 Psi-install = 0.028 W/m2K 

BEST:  Uw(installed)  = 0.83 W/m2KW/m2 
 Psi-install = 0.027 W/m2K 

EXTERIOR 

INSET 

CENTERED 

The Psi of install: 



Please - NO thermal bridge pan flashing! 

Sill pan under 
window to interior 

Flash often, but 
flash carefully! 

But don’t forget the other install… 

Fluff 



•  Large south-facing 
windows 

•  Fewer operable units 
with less mullions 

Good solar orientation basics 

Image source: Left: author’s own photo of project in Germany using EnerSIGN by Pazen Fenster + Technick.  Right: Enersign brochure 



•  Learn to LOVE  
the step-over 
threshold! 

Don’t mind the threshold 

Image source: author’s own photos of projects in Germany using EnerSIGN by Pazen Fenster + Technic 



Don’t forget to SHADES 

BS 

Image source: author’s own photos of projects in 
Germany (left) and Berkeley, CA (right) 



Source: Cost Benefit Analysis by Bronwyn Barry, CPHC, for Quantum Builders, 2009 

Larkspur Remodel Window Cost Benefit Analysis  
Brand Existing US- Av.   Euro Av. PH Certified US -good US-best Canadian 

R-value W#5 0.99 2.69 5.73 8.68 6.09 8.64 5.9 
Heat Dem # 
(kBTU/ft2yr) 13.7 7.63 6.97 5.71 6.05 8.01 6.75 

Price / $29,400.00 $45,344.50 $50,830.00 $35,507.42 $92,297.79 $39,852.10 

Heat Dem delta 0 6.07 6.73 7.99 7.65 5.69 6.95 
$ Saving/a** 0 1,736.02 1,924.78 2,285.14 2,187.90 1,627.34 1,987.70 

30yr $saving 0 182.10 57,743.40 68,554.20 65,637.00 48,820.20 59,631.00 
40yr $saving 0 69,440.80 76,991.20 91,405.60 87,516.00 65,093.60 79,508.00 
yrs to paybk 0 16.94 23.56 22.24 16.23 56.72 20.05 

30 yr CO2 
savings (lbs) *** 0 20.03 22.21 26.37 25.25 18.78 22.94 
(Highest/Best rating shown in orange field.)           

* The above revised ‘Euro Average’ cost & rating # reflects the following changes: 

New TF Design window profile (rated at R8 value.) with triple glazing 

Double glazed wood Accordian-Sliding door at Dining Room 

** Assuming $0.13 per kBTU/ft2yr (1 Therm = 100,000 BTUs = $1.30 @ 2,200sf =$286.00) 

*** 11 lbs of CO2 saved for each Therm saved 

Some of that BS! 



** Assuming $0.13 per kBTU/ft2yr (1 Therm = 100,000 BTUs = $1.30 @ 2,200sf =$286.00) 
*** 11 lbs of CO2 saved for each Therm saved 

Window Payback Analysis
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Source: Compiled by author from data input into the PHPP for a project in Larkspur, Marin. 

Weak economic arguments 



Image source: Stefan Carpentier, Berkeley, CA 2009,  Project located in Berkeley, CA 

But HUGE comfort benefits 



Data Source: Dariush Arasteh– LBNL, private email, 2009. 

Map Source: http://resourcecenter.pnl.gov/cocoon/morf/ResourceCenter/dbimages/full/973.jpg 

Approx. 
US 

Climate 
Zone 

Min. 
Outdoor 
Temp (C)  

Min. 
Outdoor 
Temp (F) 

max. UW  
(W/m2-C) 

max. UW  
(BTU/

hr.ft2.°F) 

max. RW  
(hr.ft2.°F/

BTU) 

Zone 2 10 50 2.1 0.37 2.70 

Zone 3 0 32 1.05 0.18 5.56 

Zone 4 -5 23 0.84 0.14 7.14 

Zone 5 -10 14 0.7 0.12 8.33 

Zone 6 -15 5 0.6 0.1 10.00 

Zone 7 -20 -4 0.53 0.09 11.11 

The case for triple pane 



Applicable everywhere 

Good luck! 
 

(And Thank You) 

Cold  

1:DI Wilhelm Hofbauer via Austria Passive House Whistler,  2: Maschin Architektur, Photo: Peter Jacadofsky, 3: Corey Saft 

Hot/Humid 

Temperate 

Bronwyn Barry, Assoc. AIA, CPHC 
Director, One Sky Homes 

PHCA Co-President 
2012 


