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« Standards — BFRC and PHI

« Advanced PH technologies

MARK

Comfort principles and PH
« Downdraft

+ Radiant temperature

« Stratification

« Exploiting the Sun:
« Space heating and overheating

“As well as letting in daylight and sunlight and allowing
for natural ventilation, the window is also usually
required to provide a view while retaining privacy. As
an interruption in the external wall the window poses
problems of structural stability, heat loss and noise
transmission, and is arguably one of the most
complex of building elements.

...Itis the very interconnectedness of all these factors
which is the essence of design problems, rather than
the isolated factors themselves.”

Lawson, 1997

“A window is an opening
in a wall of a building
that allows light, air and
burglars to enter a
roct>m and people to see
out”

Wikipedia

Window performance

This section examines:
* Thermal transfer
» The energy balance

* Uand ¥ values

Elements of thermal transfer

Radiation
Conduction

/

Convection

e
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The energy balance

Solar

gain
Thermal
loss

Air
leak:
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Solar gain
Total
insolation

Solar loss g=B/A
from shading A
Solar loss gw=B/AxFF

from frame

Solar loss B
from glass

Solar gain

OUTSIDE INSIDE

*FF = Frame Factor

Thermal loss
WALL

Installation Wy
Frame Ut

Edge of glazing ¥,

Glazing Uq

OUTSIDE INSIDE

What is the glazing psi value ¥g?

Uw x Aw - Uf x Af -UgxAg =Wg xlg

What is the window installation
psi value Ww?

Heat loss calculated through window/wall combination
- Uwall x Awall - Uw x Aw = Ww xIf

Window U values

Uw = UgxAg +UfxAf + Yg xIg
A

Unlike SAP, in Passive House methodology the
Ww is included in an overall U value, Uw inst

Uwinst= UwXxA + %Yw xIf
A

Air leakage

Leakage through
frames via seals

Leakage between
glazing and frame

Leakage resulting
from installation,
between frame and
building fabric




Effect of spacer and cavity on condensation

el & e o et ¢ reduced C—W‘“C“ on
Double Double Triple
aluminium spacer warm spacer warm spacer
OUTSIDE INSIDE

Window elements

This section examines:

* Glazing
» Frame

eInstallation

Glazing

High performance glazing units
comprise:

+ 2or 3 sheets of glass
(obviously!)

+ Low emissivity coating(s)
« Warm edge spacer bar

+ Edge seal, typically
polysulphide

* Inert gas fill

G aS fl I I Cost of inert gas fill in double and triple

glazing optimum cavities

Heat loss through conduction 350

and convection can be 300

significantly reduced 250
through filling unit cavity 200 E Costdouble
e g N f o

’ 100
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Argon Knpton  Xenon

Typical £/m2

Optimum cavities for double and triple
glazing with inert gas fills

@ Agon
Krypton
o Xenon

Cavity width

Optimum cavity ~ Optimum caviytriple
double

Low emissivity coating

Thin metallic layer, which dramatically
reduces heat loss by radiation. Short wave
radiation
« Hard coat transmitted
eg Pilkington K glass mm:_’gh the
vEasy to handle for fabricators coating
v'Long shelf life for fabricators
v'Can have higher levels of solar
transmission LowE

coating "
*

» Soft coat
eg St Gobain Planitherm Total s
v'Lower emissivity values = lower heat 0.
loss L 4
¥ Solar transmission improving Long wave
— radiation
i T— reflected
566 PLANITHERM® TOTAL L1, :’:gr':‘ into

High performance double glazing Ug values to EN673
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High performance triple glazing Ug values to EN673
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Spacer bar functions

» Physical location of sheets of glass
+ Fill gas retention
» Vapour diffusion barrier

» Dessicant retention

Spacer bars - types

+ Standard — bad thermal bridging

— Aluminium

* Reduced thermal bridging
— Stainless steel

— Stainless steel U channel eg Intercept
— Aluminium with thermal break eg Azon

+  True ‘warm edge’

— Polymer - stainless steel reinforced eg Thermix

— Glass fibre eg Swisspacer

— Structural foam eg Edgetech Superspacer

/ intercept]

Frames

PVC
Aluminium
Steel
Fibreglass
Timber
Composites

Insulated
composites

Typical composites:
*Aluminium clad timber
+ Aluminium clad PVC
« PVC clad timber

* Aluminium — timber
hybrid

Insulated composites:
« Timber with PU

« Timber with cork

« Al/timber with PU

« PVC with PU

« Insulated fibreglass
timber hybrid

Greenpeace
“The production and disposal of
VC windows leads to the

release of higth poisonous
chemicals which threaten the
environment and human
health.

Look out: your choice of window frames

could seriously affect the health of the
planet December 1998

WWE

While the plastics industry
claims that ‘PVC is as good as
any material’, findings presented
in this report justify the long-held
position by WWF and other
major environmental
organizations that PVC is
unsustainable and hazardous.
Report Window of opportunity”
July 2005

Centre for Alternative
Technology

....... timber frames have a much
lower environmental impact than
uPVC or aluminium.

Factsheet 2006

Spacer bars — example of a
warm edge technology

Superspacer — example of
‘warm edge’ spacer

Barrier sealant

+ Structural foam
incorporating dessicant

Mylar® film

Acnylic seal

* Mylar film is vapour barrier
and gas diffusion barrier

Structural foom

+ Barrier seal — usually
polysulphide

Super Spacer
Reverse dual seal construction

U value of window Uw W/m2K

Comparison of typical window U values

6
5
4
3 |
24

A 4 | 67% improvement
)l ’7—‘
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Existing single UK Building Timber double Timber triple Passive House Best Passive
glazed Regs low E argon  low E argon House




Installation

This section examines critical aspects of installation:

« Effect of position of window in wall on Wy

« Effect of position of window in wall on solar shading

« Effect of wrapping insulation around the frame on Wy,

« Measures to ensure high levels of airtightness

Psivalue W/mK

The effect of installing window in
different positions in the wall

0.14 OUT
012 . -
0.1
0.08
0.06
002
o IN

0 3 70 110 130 145 200 250

Position in wall from outside

Schematic for illustration purposes based on installation positions for a high performance double
glazed window into ification cavity wall i

From “Stamford Brook — making sustainability work” Lowe et al

The effect of wrapping insulation
around the face of the frame

90

Insulation

w = c. 0.8 W/m2K

Yw = 0.00 W/mK

Schematic drawing based on an example from proceedings of the Passive House Conference
2006 for renovation of typical German construction using PH standard window. Freundorfer,
Kaufmann and Krause

The effect of wrapping insulation
around the face of the frame

Insulation

Uw =c. 0.8 W/m2K

Yw = 0.26 W/mK

Schematic drawing based on an example from proceedings of the Passive House Conference
2006 for renovation of typical German construction using PH standard window. Freundorfer,
Kaufmann and Krause

The effect of wrapping insulation
around the face of the frame

120

ACCOYA s Uw = c. 0.9 W/m2K

Insulation

e

Schematic drawing based on cavity wall design for the Denby Dale House, courtesy Green
Building Company

What difference does WYw make?

Example 1
Uw = 1.5 W/m2K; Ww = 0.12 W/mK 1000

Thermal transmission = Uw x A + Ww x If
=1.98 WK

A 32% increase in effective U value 1000

Example 2
Uw = 1.5 W/m2K; Ww = 0.05 W/mK

Thermal transmission = Uw x A + Ww x If
=1.7W/K
A 13 % increase in effective U value




What difference does WYw make?

Example 3
Uw = 0.8 W/m2K; Ww = 0.04 W/mK 1000

Thermal transmission = Uw x A + Ww x If
=0.96W/K

A 20 % increase in effective U value 1000

Example 4
Uw = 0.8 W/m2K; Ww = 0.01 W/mK

Thermal transmission = Uw x A + Ww x If
=0.84 WK
A 5% increase in effective U value

Window detailing - the Longwood Low Energy House 1992
(the year after completion of the first Passivhaus in Darmstadt)

Uw = c. 2.0 W/m2K

Plasterboard
lining caulked
to frame and

Yw = 0.02 WmK inner leaf
(estimated) Cavity not
closed to
reduce linear
thermal
bridging
Window
board caulked
to frame and
100x 150 inner leaf
mm stone sill

Typical Passive House certified window installation detail

Uw = 0.85 W/m2K
(not certified to PH standard )

Uw inst = 0.85 W/m2K

(installed window is certified to " |
PH standard)

Uw = 0.75 W/m2K

Sigg window installation detailing. See www.passivhausfenster.at

Passivhaus window certified installation

FRAME TYPE ACCORDING TO CERTIFICATION
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Passive House Planning Package

Window detailing for airtightness

Itis essential when installing windows
to Passive House standard or other
low energy approaches that full
consideration is given to ensuring
continuity of the air barrier.

One of the most effective
ways of doing this
around windows is the
use of proprietary tape
systems.

Standards

This section examines key standards relating to
windows:

« EN 14351
« EN 10077-1 & 2 and EN 12567-1
« BFRC

- PHI




BFRC

What is it?

« Rates windows on the basis of a nominal energy balance
« RatingA-G

« Ensures publication of standardised values for Us, gw and
effective air leakage

« Has value as a comparative tool

« C+ rated windows can use the Energy Efficiency Labr

recommended

BFRC Energy Window

Green Bulding Store
Softwood Casement Double Glazed Window
Ecoplus System Double glazed A rated

Typical
window
energy
rating label

E dex (KWhim/year) AY
Erery s coyem | ()

Thecimatozon s UK

Thermal Transmittance (Uynow) 1.36 Wim’.K
‘Solar Factor (Gundos) 0.45 Wim’ K
Effective Air Leakage (Lisc) 0.00 W/im*.K
Reg. No.:685
www.bfrc.org

The Energy Index or
energy balance
Values for Uw, gw
and air leakage

BFRC

Energy balance =

[ Window U value to BFRC standard |

218.6 @ sssx@-

[ Solar gain coefficient for window ] [ Effective heat loss resulting from air leakage

+ ‘A’ rating has ‘positive’ energy balance

BFRC

BFRC BFRC Rating
Rating Scale | (kVWh/m?/year)
Best BFRC Rating is
A 0.\\$r greater \ currently
B }-}Kto <0
g " 20%0 <10
P 3002 Typical PassivHaus
E window ratings might
F | bein the range:
G |7 Less than'-70 @

BFRC

Advantages Disadvantages

« Publication of Uw values, « Solar too significant, favouring
and reduced confusion with hard coat low E.
Ug

« 2 methodologies for Uw in the UK
« Allows comparison of

windows « Confusing: takes no account of
designing a window into the
« Improved window building
performance

« Does not adequately reflect the

Passive House Institute
Key window certification criteria

* Uw not more than 0.8 W/m2K, when window
is assessed with glazing Ug = 0.7 W/m2K

Uwinst Nnot more than 0.85 W/m2K

* Increased market for better

performing windows

performance of advanced window
systems

« ‘A’ grade too low

Ug — 1.6 W/m2K x g < 0 (which generally
means that g value is greater than 50%)




Typical PH window

Glazing
U-value Ug <0.7 Wm2K
g,'f’vz;:‘f:f},gge £0.040 W/mK
frame

U-value <0.8 Wm2K

Us

Excellent
installation
detailing

airtight tape

The PH window and comfort

The key feature of Passive Houses is lack
of perimeter heating.

Internal surface temperature of the
window must be sufficient to keep
internal surface 2 17 °C

This defines the key window criteria

Passive House Institute

Two types of certification:

« Certified window, where Uy, < 0.8 W/m2K, when
window is assessed with glazing Ug = 0.7 W/m2K.

Wy is generally generic in PHPP for these windows.

+ Window only certified with approved installation
detail, where installed value of U winst< 0.85 W/m2K.
WY, is always given in PHPP for these windows.

. Foﬂbcategories can be seen in PHPP, separately
isted.
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Methodologies

This section examines the two key
methodological differences between German
Passive House and the UK

+ Calculation of U value to EN 10077 standard
or BFRC standard is accepted in the UK (we
have already noted this)

* Modelling of windows in SAP and PHPP
(Passive House Planning Package)




SAP

« Window U value is calculated by using standard Uw:
U value = Uw x A

* There is a small allowance for curtains

* Yy can be calculated and added in separately using:
He = Z(L X LP)

* Ory value of 0.15 (unknown details) or 0.08 for
Accredited Construction Details using Hrs = y Z Aexp”

* Aexp is total area of exposed elements

SAP WORKSHEET (Version -9.51)

3. Heat losses and heat loss parameter

ELEMENT  Geomasea(w)  Opesiag:

Docrs
Windows (iype 1)*
Windows (type 2)*
Rocfights®
Grouad flocs
Walls (tpe 1)

Roof (type 1)
Roof(tvpe 2)

Total areaof elemeats TA,

waewes ] -
Y o

Enter Uw for standard Allowance for curtains
dimension window to
EN 12567-1, EN 10077
or BFRC

“for
the above iableis expanded as necessa

ament o.5. 6 wall tpes

oo = e

| E—CE)
ad aterm 39)
F R
Fa— L
Heat loss coefficient, WK so- [___Jon

Heat loss porameter (HLP), WK

Passive House Planning
REDUCTION FACTOR SOLAR RADIATION, WINDOW U-VALUE

[

Factorir | Vindow
Sow | Aves

/N

i | v | ] v

U]

(e

(RNED

(N

(R

(REY

(RNE

(RED

(LRNED

(NE

(1RED

(RE S

(RE S

(NE D

(REY

N\

/ Results

Window | Glazing | UValue | Fraction
Area Atea | Window | per

Glazel

Window

m? m? Wim?K)

09 058 0.95 068

05 0.21 118 041

04 023 1.09 055

18 134 088 0.75

23 177 087 0.76

23 177 0.87 0.76

23 182 084 0.79

23 182 084 0.79

23 182 084 0.79

30 241 082 0.80

30 241 082 0.80

23 152 0.92 0.66

07 031 114 046

14 0.65 111 048

14 087 0.99 0.65

21 163 085 0.78

09 052 1.05 055
09 052 1.05 055
07 034 113 04

\o4 042 | 123 | o,

\\1.14 097 | gleo

This section examines:

Insulated frames to meet Passive House Standard

To meet PH certified window standard, conventional timber or
other frames do not have a low enough Uf. They need additional
insulation if they are not to be extraordinarily deep. A number of
approaches have been used.

However, there is a question of whether insulated frames are
actually needed (at additional cost), particularly in S England, if
suitable installation details are used. Can comfort conditions be
met without?

Here are some examples of insulated frames and prospects for
future development......

Classic PU insulated timber. Variotec profile. PH certified window




Gutmann Mira Therm window detail. PH certified window

Internorm. PH certified window

Optiwin Three Timber system. PH certified window

Innovative composite approach. Enersign window. PH Certified

Holz-Schiller Airotherm System. Awaiting PH certification

Insulated PVC profile. PH certified window

10



¥ =0,00 WmK

This section examines

And as for
outward opening
PH window...

« the conditions (whole-window and frame U-values) under which
perimeter (base-of-window) heating units can be eliminated
while maintaining thermal comfort

Yes, it is possible, but
will the building
detailing be more
difficult?

Optiwin/Vipo proposed outward PH standard window

Elimination of perimeter heating units Comfort Criteria
The criterion for elimination of perimeter heating units is that the We interpret these criteria as implying, for a room air temperature of 20°C
innermost glazing temperature must be sufficiently warm, in the Maintaining suitable comfort under ISO 7730.

absence of perimeter heating, that
Considerations include: -

« Downdraft
« thermal asymmetry is avoided,

« uncomfortable downdrafts are avoided, and
« condensation is avoided

« Radiant temperature
« Stratification

PassivHaus Design Conditions

Down Draft:
PHI: Hochwarmedz F y !
« Central European winter design day -10°C Air speed/Draft:
« Ambient internal temperature 20C DIN 1946 and ISO 7730 demand

maximum air speeds of approx. 0.15 m/s
depending upon turbulence degrees of
PassivHaus Window air (PD = 20%).

* Whole window U-value 0.85 W/(m?K) Air speeds under this are valid in each
case as sufficiently comfortable.

So why is this the PassivHaus Standard U-value?




Down Draft:
PHI: | 4rmedi F L

PHI Fluid dynamic analysis :
« Down draft velocity of 0.11 m/s.

«1SO 7730 states that 0.08 m/s, less than
6% of people will feel a draft.

« ASHRAE Comfort Class "A" achieved

« Ambient internal temperature 22C
« Down draft velocity of 0.07 m/s.

Draught Risk From Cold Vertical Surfaces

Per Hei Building and Vol. 29, No. 3, pp. 297-301, 1994, Elsevier Science Ltd
Notional room dimensions (length x width x height) = (7 mx 6 m x 3 m)

Entrainment Gravity
region current

Principle of flow development along the floor

NOTE: Heiselberg study for interest only. Does not directly comply with PassivHaus requirements

Avoiding Draught Risk From Cold Vertical Surfaces

NOTE: Heiselberg study for interest only. Does not directly comply with PassivHaus requirements

Also, due to geometric constraints of Heiselberg study CFD analysis required to verify indicative U-values
After Heiselberg PD = <15%

Notional room dimensions (length x width x height:) = (7 mx 6 m x 3 m)
20.00

19.00

_________ =
————— |
18.00 = T

T
17.00 T

16.00 ] Height of PassivHaus
| standard benchmark window
'

15.00

14.00

13.00 +

12.00 C ion risk Inner surface temp ——
occurs below 13.5C | ‘ — — Air Temp of Down Draft

11.00

Indicative Surface Temperature (C)

10.00

080 090 1.00 1.0 120 130 1.40 150 1.60 170 1.80 1.90 200 210 220
Height (m)

Umax down draft velocity of <0.14 m/s, < 0.4m from vertical surface, <0.03m from floor, PD = <15%

Radiant Temperature:

« PassivHaus standard benchmark window
« Inner pane temperature 17C

« A maximum 3C temperature differential

« At an internal air temperature of 21°C and
an external temperature of -14 °C with no
solar radiation the resultant radiant
temperature asymmetry, for a window with a
U-value of 0.85W/m2K at a height of 1.1 m
above the floor, is: -

« approximately 4.5°C at 0.25m from window
« approximately 3.8°C at 0.5m from window

« approximately 3°C at 1m from window

Avoiding Draught Risk From Cold Vertical Surfaces

NOTE: Heiselberg study for interest only. Does not directly comply with PassivHaus requirements

Also, due to geometric constraints of Heiselberg study CFD analysis required to verify indicative U-values
After Heiselberg PD = <15%

Notional room dimensions (length x width x height:) = (7 mx 6 m x 3 m)

2.00
——Ext I design t -10C
180 " Evtoma dosign fomp 156 |
T
160 5 !
140 B I
g 2 H
€ 120 & Height of PassivHaus
E) 3 | standard benchmark window
2100+ 9 h
fonl = -
Sos0 3 !
£ 5 T
060 8 .
E
2 |
040 +—5 h
g
5 1
020 —8 !
0.00 + T T T T T 1

1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00 2.10 2.20
Height (m)
Umax down draft velocity of <0.14 m/s, < 0.4m from vertical surface, <0.03m from floor, PD = <15%

0.80 0.90 1.00 1.10 1.20

Stratified Air Temperature:
« Glazing with a 0.85 U-value
« External temp of -14C

« Ambient internal temperature 20C

At a distance of 0.5m from glazing

« there is a temperature of 20C @1.1m
« there is a temperature of 18.4 @ 0.1M.
« Temperature differential 1.6C

« Room air temperature stratification is less
than2 °C

« Thus satisfies ISO 7730

« Internal pane temperature under this
condition is ~16°C

12



Glazing and Internal Surface Temperature
NOTE: Design temperature to be determined on a site by site basis

Glazing and Internal Surface Temperature
NOTE: Design temperature to be determined on a site by site basis

3.0
\ \

Indoor Air Temperature = 20°C

Inner surface = 15C /
Inner surface = 1% //
Inner surface = 17C >9

25

2.0

o
o

Maximum Permitted U-Value (W/m/K)
(4

0.0

-40 -30 -20 -10 0 10
Outside Design Temperature (°C)

3.0 ‘ ‘
Indoor Air Temperature = 20°C
o5 |
£ Inner surface = 15C
: Ty
< /
—z 20 Inner surface = 16C //
Z ! ! /
- »
E 15 Inner surface = 17C
Y
Dn-h) ,,
1.0 i
e — Desrlﬂgn range
g
8
S 05
0.0
-40 -30 -20 -10 0 10
Outside Design Temperature (°C)
Conclusions:
Comfort « Perimeter heating can be designed out
« Downdraft « Saving capital cost without

. compromising comfort
« Radiant temperature

*When < 2.1 m, can have significantly

« Stratification higher Uw inst.

« It may be that these frames do not
need to be insulated

——

« Some parts of the UK climate are less
extreme than Central Europe therefore,
into meet the comfort criteria, the Uw
may not be required to be 0.85W/(m?K).
NOTE: Site by site analysis is required
to assess this matter.

This section examines

« Exploiting Passive Solar
— Seasonal concerns about solar gain
— g-values
— Space heating contribution

Windows: Solar Gains

- N Horizontal
300 1 - &

South

North

Windows: Solar Gain / Heat losses

T291T907 606907

0.8 | None

1.0
S-value=1.6 W/m?K (Glasgow)

S-value=2.0 W/m?%K (Manchester)

__S-alue=2.4 Wim?K (London)

0.6 4

g-value

0.4 {

02+~ —

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
U-value (W/mP/K)
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Windows: Solar Gain / Heat losses

2
8

]

. x'x'x_)(‘x-x
apon % It !
AAAALASLA—D L& A

8
8

Annual Heating Requirement [KVWh/a]

2
2

8
8

Influence of the Window Size Facing South

! e
/X/
X

Impact of Passive Solar

by Jurgen Schnieders

o~ Heat Load pWim?)

0 10 20 30 40 50 60

Area South Facing Windows [m?]
« Base Case:

« Relatively good ratio of exterior area to enclosed volume (0.59 m-1),
« Facing due south and has large south facing windows
« 30.4 m? gross window area, 19.9 m? glazed area in an overall 74 m? fagade

« Solar radiation levels in winter are comparable to Germany
« Alot less insulation than in Germany is required

e
1000 — 2-pane; = 2-pane-glazing ] " —
B-Eana 3-pane glazing
2-LE 2-pane, one [ow-e-layer
3-LE pane, two love-g-layers
o t + }
0 5 10 15 20 25 30 35 40
total South facing Glazing Size [m?)
Conclusions:

Exploiting the Sun:
« Space heating and over heating

« Take care with east and west facing
windows (to avoid over heating)

« Min g-values should be climatically
considered

From “Climate Data for the Determination of Passive House Heat Loads in North West Europe”

« The UK climate: strongly influenced by the gulf stream and the thermal buffer effect of the sea

= Under favorable boundary conditions, south facing windows may achieve high net solar gains

This section examines

«  Whole window design: including the implications of the
— Window frame design
— Thermal bridging cause by the spacer bar
— Thermal bridging from installation details
— Solar gain vs. Thermal bridging

Windows: Frame Design

Windows: Spacer Bar

14



Windows: Installation

Not required under BS EN 10077-1, but required
consideration in Passivhaus and AECB Standards

Windows: Frame Proportion (Opening light, 100mm notional frame)

Height (m)|Length (m) | Total Area (m2) [Glazed Area (m2) |% Glazed Area (% Frame Area
0.400 0.800 0.320 0.120 38% 63%
1.300 1.300 1.690 1.210 72% 28%
1.230 1.480 1.820 1.318 72% 28%
2.750 2.500 6.875 5.865 85% 15%

The CLP Energy Standards Vol 3, notes
that Passivhaus windows of 1230x1480
(1.86m2) have a U-value of 0.8W/m2K

Windows: Frame Proportion (Opening light, 100mm notional frame all further examples)

Whole Window U-value Due to Frame
(Notional Uw 0.85W/m2K, Ug 0.6W/m2K, ¥g 0.03W/mK)

il

The CLP Energy Standards Vol 3, notes that

Passivhaus windows of 1230x1480 (1.86m2)
have a U-value of 0.8W/m2K

12

1.15

1

[+ 0 winek Pavane 003K

—— Ur 0.85Winek i vabe 0.03WinK

= Ur 1.WieK Psivale 0.03M/mK.

1.
1.05
1

U-value

055x0.77,  0.75x1.06, 095x1.34, | 1.15x1.62 | 1.35x1.90, 1.55x2.19,
53%,2.40m  141%,3.70m  133%,5.52m | 28%, 6.97m | 124%,8.95m 121%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: WYg

Windows: WYg

Windows: Frame Proportion and Wg (Aluminium spacer = 0.06W/mK)

Whole Window U-value Due to Frame and ¥g
(Ug 0.6W/m2K, Wg 0.06W/mK)

[ Uro.winek P vake o 09mmk<

- R p—
105 | o urvawmex

U-value

055x0.77,  0.75x1.06, 095x1.34, 1.15x1.62  1.35x1.90, 1.55x2.19,
53%,2.40m  141%,3.70m  133%,5.52m  128%, 697m  24%,8.95m f21%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41
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Windows: Frame Proportion and Wg (High performance spacer = 0.03W/mK)

Whole Window U-value Due to Frame and Wg
(Ug 0.6W/m2K, Wg 0.03W/mK)

15 .
1.45 | —+— ur o.1wimex psivawe 0.0awim | |
14 |~ urosswinex i
135 |- i

U-value

0.55 T T T T T
055x0.77,  0.75x1.06, 095x1.34, 1.15x1.62  1.35x1.90, 1.55x2.19,
53%,2.40m  141%,3.70m  133%,5.52m  128%, 697m  24%,8.95m f21%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: Winst.

Windows: Winst.

Not required under BS EN 10077-1, but required
consideration in Passivhaus and AECB Standards

Thermal-Bridge-Free Construction

It is namely possible to determine without computation whether a detail
represents a severe thermal bridge, solely through painstaking geometrical
analysis.

« Continuity Rule: where possible, do not interrupt the thermal
envelope.

« Penetration rule: where an interrupted insulating layer is
unavoidable, thermal resistance in the insulation plane should be as high as
possible; this indicates use of e.g. aerated concrete or, better still, timber
instead of normal concrete or sand-lime bricks.

« Junction rule: At building element junctions, insulating layers should
meet without any gaps. Insulating layers should join without interruption or
misalignment.

M Geometry rule: Design edges to have as obtuse angles as possible.

The thermal envelope can then be termed ‘thermal-bridge-free’. This is

because the slightly elevated heat losses at some points will be

compensated for by the reduction in heat flows attributable to geometrical

thermal bridges. from Hochwarmedammende
Fenstersysteme

Avoiding thermal bridges helps to reduce condensation risks R_Pfluger J. Schnieders

Thermal-Bridges typically = 25% of heat losses
Thermal-Bridges in a PassivHaus are <4%

Thermal-Bridge-Free Construction

Effect of offsatting window position in reveal

fame nine.
vt grereat

fameinine

e of utr ot

.
N el R R workc

from Holzbau Handbuch, Dr. Berthold Kaufmann

Thermal-Bridge-Free Construction

mean U-value
{relative t0.0.15 Wn

Lol Lo Lotz Loz Lo et

Eiegiootout | Robut Dot 2002 | Fobuk Dot 2008 | KEGH Siker Fetous AEGS cola

Gl R
[— o shounio Gineneion s | fencan
ey oo veais
o
+
J—— e L [ LU [
S Ceon
MTeLvoithes | HTB=conso0metAee
Aosolte improvement | 0 L2 P s o208 05
ool o irmtggss | v e
Seiomancs vako s it
-
[T 2 20 1rom
i fvATO—
(rolative to 0.3 Wim"K) woll insulated
[— s s " 2%
e aduges e | eernstbadoos o
ettt ; e
\ w0 / \

Redueton of the [E ean% I a5
i fherova Pridges e | i thermal briges are
welnsui well nsolated

Reduction of the 14615 o 2
mean U-vahue i bricges e S bidges are
(rolative 10.0.1 Wm'K) wollrsuiaied od

Additional quantity insulation to compensate for thermal bridges

y values are an often missed Value Engineering opportunity
(i.e. avoided labour, insulation, founds, wall/roof structure)
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Windows: Frame Proportion, ¥g and Winst. (0.03wimk)

Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.03W/mK)

1.50

1.45
14 | wosmnac 0

135 Ut 1AWk H
1.30
1.25
1.20

T o mwax e vas DK

1.10
1.05 -
1.00 x

U-value
1

090
085
080
075
0.70
065
060
055 T T T T T

055x077, 075x1.06, 095x134, 1.15x162  1.35x1.90, 1.55x2.19,

153%,2.40m  141%,3.70m  133%,5.52m  128%, 6.97m  {24%,8.95m 121%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: Frame Proportion, ¥g and Winst. (0.26wimk)

Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.26W/mK)

2.90 [ =07 0.7WineK P value 0 26K

270

250

230
210
1.90

1.70

U-value

1.50

1.30
1.10
0.90

0.70

0.50 T T T T T
055x0.77,  0.75x1.06, 095x1.34, 1.15x1.62  1.35x1.90, 1.55x2.19,
53%,2.40m  141%,3.70m  133%,5.52m  128%, 697m  24%,8.95m 121%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: Frame Proportion, W¥g and Winst. (0.05wimK as BRE IP106)

Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.05W/mK)

150 = oAWK v OB
1.45 —a— U 0.85WimeK Psi vabie 0.05WiK (|
U ik euvas o ook |
140 | Uiommevateooomim
1.35 | %~ Ur 2.5NimeK Psivale 0.05imK ||

U-value

055x0.77,  0.75x1.06, 095x1.34, 1.15x1.62  1.35x1.90, 1.55x2.19,
53%,2.40m  141%,3.70m  133%,5.52m  128%, 697m  24%,8.95m f21%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: Frame Proportion, ¥g and Winst. (0.03wimk)

Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.03W/mK)

1.50

145 EsrrETE————_
1.40 ‘ —F— Uf 0.85WimeK. ]
1.35 4 Uf 1.4WImeK H

U-value

055x0.77,  0.75x1.06, 095x1.34, 1.15x1.62  1.35x1.90, 1.55x2.19,
53%,2.40m  141%,3.70m  133%,5.52m  128%, 697m  24%,8.95m f21%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: Resultant average temp of degraded glazing system
Int. Temp 20C, Ext. Temp -10C
Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.03W/mK)

2000

19.00

18.00

17,00

16,00

1500

U-value

14.00

13.00

—— U0 WingK P vas 0.03WImK
1200 —— Ul 0.85Wim2K Psi value 0.03WImk
UL 1 4Wm2K Psi vaue 0.03WImK

11.00 —*— Ul 2.5WimeK Psi vaue 0.03WimK

1000
055x077, 075x1.06, 095x1.34, 115x162,  1.35x1.90, 155x2.19,
53%, 2.40m  141%,370m  133%,552m  28%, 6.97m {24%,8.95m {21%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Installation ¥
From PHPP 2004

~70mm § L ~70mm §)

Reveal ¥ inst. 0.00 W/(mK) Reveal ¥ inst. 0.00 W/(mK)

Cill W inst. 0.03 W/(mK) Cill W inst. 0.01 W/(mK)




Windows: Frame Proportion Wg and Winst. (0.01 WmK vs. -0.017 WimK)

Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.01W/mK / -0.017W/mK)

== womna

40 —a— U 0.gsWinek H
U AWK P H

@
&

U-value

055x0.77,  0.75x1.06, 095x1.34, 1.15x1.62  1.35x1.90, 1.55x2.19,
53%,2.40m  141%,3.70m  133%,5.52m  128%, 697m 24%,8.95m f21%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: Resultant average temp of degraded glazing system
Int. Temp 20C, Ext. Temp -10C
Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.01W/mK /-0.017W/mK)

16.00-

1500

U-value

14.00

1300

——uo,

1200
—a— U1 0.85Wim2K Psi value 0.01Wimk

11.00

—— Ut 1.4WimeK Psi value -0.017WimK

1000 T T T T T
055x077, 075x1.06, 095x1.34, 115x162, 1.35x1.90, 155x2.19,
53%,2.40m  141%,370m  133%,552m  28%, 6.97m {24%,8.95m {21%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: Required compensatory CP U-value (0.01WimK /-0.017W/mK )
(Fixed light using 60mm notional frame)
Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.01W/mK / -0.017W/mK)

50

% [ rE— il
o | s i
P R H

U-value

055x0.77,  0.75x1.06, 095x1.34, 1.15x1.62  1.35x1.90, 1.55x2.19,
53%,2.40m  141%,3.70m  133%,5.52m  128%, 697m  24%,8.95m f21%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Windows: Required compensatory CP U-value (0.01WimK /-0.017W/mK )
(Fixed light using 60mm notional frame)
Whole Window U-value Due to Frame and Wg and Inst. ¥
(Ug 0.6W/m2K, Wg 0.03W/mK, Winst 0.01W/mK / -0.017W/mK)

160040 —m — — — — — — — — —

1500

U-value

14.00

13.00

——uno,

12,00
—— U1 0.85Wim2K Psi value 0.01Wimk

11.00

U1 1.4WmeK Psi value -0.017WimK

1000
055x077, 075x1.06, 095x134, 1.15x162 135x1.90, 155x2.19,
153%,2.40m  141%,370m  133%,552m  128%,6.97m 124%,8.95m 121%, 11.15m

Window Type: Inward opening casement, geometry 1:1.41

Conclusions:

Whole systems window design:

« Frames « Subtle decisions can have a major
* Spacer impact, especially installation details
« Installation

Thanks for listening.
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