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PREFACE 

INTERNATIONAL ENERGY AGENCY ........................... . . 

I n  order t o  s t rengthen co-operat ion i n  the v i t a l  area o f  energy 

p o l i c y ,  an Agreement o f  an I n t e r n a t i o n a l  Energy Programme was 

formulated among a number o f  i n d u s t r i a l i z e d  coun t r i es  i n  November 

1974. The I n t e r n a t i o n a l  Energy Agency (IEA) was es tab l i shed as an 

autonomous body w i t h i n  t he  Organizat ion f o r  Economic Co-operation and 

Development (CECO) t o  adminis ter  t h a t  agreement. Twenty-one coun t r i es  

are c u r r e n t l y  members o f  the IEA, w i t h  the' Commission o f  t he  European 

Communities p a r t i c i p a t i n g  under spec ia l  arrangement. 

As one element o f  t he  I n t e r n a t i o n a l  Energy Programne, t he  

P a r t i c i p a n t s  undertake co-operat ive a c t i v i t i e s  i n  energy research, 

development and demonstration. A number o f  new and improved energy 

technologies which have the p o t e n t i a l  o f  making s i g n i f i c a n t  

c o n t r i b u t i o n s  t o  our energy needs were i d e n t i f i e d  f o r  c o l l a b o r a t i v e  

e f f o r t s .  The IEA Committee on Energy Resarch and Development (CRD) 

ass is ted  by  a small Sec re ta r i a t  s t a f f ,  co-ord inates the  energy 

research, development and demonstration programme. 

ENERGY CONSERVATION I N  BUILDINGS AND COI.MUNI T Y  SYSTEMS ...................................................... 
As one element o f  t he  Energy Programne, t he  IEA encourages research 

and development i n  a number o f  areas r e l a t e d  t o  energy. I n  one o f  

these areas, energy conservat ion i n  b u i l d i n g s ,  the IEA i s  encouraging 

va r i ous  exerc ises t o  p r e d i c t  more accura te ly  the eltergy use o f  

b u i l d i n g s ,  i n c l u d i n g  comparison o f  e x i s t i n g  c m p u t e r  programnes, 

b u i l d i n g  moni tor ing,  comparison o f  c a l c u l a t i o n  methods, as we l l  as 

a i r  q u a l i t y  and i n h a b i t a n t  behaviour s tudies.  



THE EXECUTIVE COMMITTEE ....................... 
O v e r a l l  c o n t r o l  o f  t h e  WD programme energy c o n s e r v a t i o n  i n  b u i l d i n g s  

and.comnuni ty  systems i s  m a i n t a i n e d  b y  a n  E x e c u t i v e  Comnit tee,  wh ich 

n o t  o n l y  m o n i t o r s  e x i s t i n g  p r o j e c t s  b u t  i d e n t i f i e s  new a reas  where 

c o l l a b o r a t i v e  e f f o r t  may be b e n e f i c i a l .  The E x e c u t i v e  Comni t tee 

ensures a l l  p r o j e c t s  f it i n t o  a  p rede te rm ined  s t r a t e g y  w i t h o u t  

unnecessary o v e r l a p  o r  d u p l i c a t i o n  b u t  w i t h  e f f e c t i v e  l i a i s o n  and 

communication. 



- V I I -  

A N N E X  XI1 - - - - - - - - - 
I n  June  1982 t h e  E x e c u t i v e  Committee approved Annex XII, 'Windows and 

F e n e s t r a t i o n '  a s  a  new j o i n t  e f f o r t  p r o j e c t ,  w i t h  t h e  N e t h e r l a n d s  

a c t i n g  a s  ' O p e r a t i n g  Agent '  t o  c o - o r d i n a t e  t h e  work. 

The f o l l o w i n g  c o u n t r i e s  a r e  p a r t i c i p a t i n g  i n  t h i s  p r o j e c t :  

BELGIUM, FEDERAL REPUBLIC OF G E R M A N Y ,  I T A L Y ,  T H E  NETHERLANDS, N O R W A Y ,  

SWITZERLAND, UNITED KINGDOM, UNITED STATES. 

The p r o j e c t  c o n s i s t s  o f  5 s t e p s :  

S t e p  1:  Survey t h e  s t a t e - o f - t h e - a r t  i n  a l l  t y p e s  o f  e x i s t i n g  windows 

and f u t u r e  d e s i g n s  ( i n c l u d i n g  g l a z i n g  and c o m b i n a t i o n s  o f  g l a z i n g  and 

i n s u l a t i n g  and /o r  sunshad ing  s y s t e m s ) .  

S t e p  2: Survey t h e  s t a t e  o f  t h e  a r t  i n  t h e r m a l  and s o l a r  p r o p e r t i e s  

o f  windows and compare d e f i n i t i o n s ,  t e s t  methods,  c a l c u l a t i o n  

p r o c e d u r e s  and measured,  c a l c u l a t e d  o r  assumed d a t a ,  wherever  

p o s s i b l e  c o n v e r t e d  t o  one  o r  s e v e r a l  s e t s  o f  s t a n d a r d i z e d  

c o n d i t i o n s .  The aim: t o  t r y  and c o v e r  a l l  e x i s t i n g  (and somet imes  

c o n f l i c t i n g )  i n f o r m a t i o n  i n  t h i s  f i e l d  i n  a n  e x t e n s i v e  r e p o r t  f o r  

' e x p e r t  g r o u p s ' .  

A s e p a r a t e  r e p o r t  c o n t a i n s  summarized i n f o r m a t i o n  f o r  g e n e r a l  u s e  

among a r c h i t e c t s ,  c o n s u l t a n t s  and m a n u f a c t u r e r s .  

S t e p  3 :  Review and a n a l y s e  e x i s t i n g  s i m p l i f i e d  s t e a d y - s t a t e  

c a l c u l a t i o n  methods d e a l i n g  w i t h  g a i n s  and l o s s e s  t h rough  window 

sys t ems .  These methods can  p r o v i d e  a  p r e l i m i n a r y  and g l o b a l  f i g u r e  

f o r  t h e  i n f l u e n c e  o f  t h e  window on ene rgy  consumpt ion  w i t h o u t  

c o n s i d e r i n g  t h e  i n t e r a c t i o n  w i t h  t h e  b u i l i n g ,  o c c u p a n t s  and c l i m a t e  

i n  a  d e t a i l e d  way. 



Step 4: Adapt and compare e x i s t i n g  dynamic c a l c u l a t i o n  methods 

dea l i ng  w i t h  t he  i n f l u e n c e  of window type, s i z e  and o r i e n t a t i o n  on 

energy consumption and thermal comfort i n  bu i l d i ngs .  

Normally, a  good window design w i l l  o f t e n  be t r e a t e d  w i t h  a  g l o b a l  

approximation, w i t h  t he  consequence t h a t  s p e c i f i c  features of the 

design cannot be revealed proper ly .  With a  study s p e c i f i c a l l y  focused 

on windows complex systems a l so  can be simulatkd, l i k e  m u l t i - l a y e r  

systems w i t h  f o i l s ,  coa t ings  and/or gas f i l l i n g s  and e.g. systems a t  

which the  c o n t r o l  o f  an openable window, i n s u l a t i o n  panel, o r  

sunshading i s  associated w i t h  indoor  temperature and/or t ime and/or 

i n t e n s i t y  o f  so la r  r a d i a t i o n .  A thorough cons idera t ion  of the e f f e c t  

of windows c a l l s  f o r  a  c a l c u l a t i o n  model t h a t  can handle such 

s imu la t ion .  

Step 5: Apply unsteady s t a t e  models i n  a  se r i es  of se lected,  genera l  

s e n s i t i v i t y  s tud ies  and thereby produce extensive i n fo rma t i on  on 

op t ima l  window design from an energy p o i n t  o f  view f o r  d i f f e r e n t  

b u i l d i n g s  (mass, i n s u l a t i o n ) ,  occupants' behaviour schemes ( c o n t r o l  

o f  equipment, i n t e r n a l  heat)  and c l i m a t i c  zones. The r e s u l t s  a re  

aimed a t  groups l i k e  a r c h i t e c t s ,  manufacturers and p o l i c y  makers. 



1. INTRODUCTION 

T h i s  r e p o r t  d e s c r i b e s  p a r t  o f  t h e  work w i t h i n  S t e p  1. 

The aim o f  t h e  work was t o  r e v i e w  t h e  s t a t e o f - t h e a r t  i n  e x i s t i n g  

windows and  i n  new window d e s i g n s ,  a s  a  b a s i s  f o r  ' t h e  a c t i v i t i e s  
.3 

w i t h i n  S t e p s  2 t o  5. 

A c l e a r  u n d e r s t a n d i n g  o f  t h e  t r a d i t i o n a l ,  c u r r e n t  and  p o s s i b l e  f u t u r e  

window a p p l i c a t i o n s  is a c o n d i t i o  s i n e  qua  non f o r  t h e  compar i son  o f  

t h e  v a r i o u s  n a t i o n a l  a p p r o a c h e s  c o n c e r n i n g  d e f i n i t i o n s  and 

a p p r o x i m a t i o n s  of  b a s i c  window p h y s i c s  and t h e  i n f l u e n c e  o f  t h e  

windows on t h e  e n e r g y  c o n s m p t i o n .  

The p r e s e n t  s i t u a t i o n  on t h e  window marke t  is r e f l e c t e d  by n a t i o n a l  

o r  r e g i o n a l  b u i l d i n g  r e g u l a t i o n s ,  s t a n d a r d s  and codes .  

l n  a  s e p a r a t e  r e p o r t  b u i l d i n g  r e g u l a t i o n s ,  s t a n d a r d s  and  c o d e s  

c o n c e r n i n g  t h e r m a l  and  s o l a r  pe r fo rmance  o f  windows a r e  s u r v e y e d .  



2 .  METHOD 

This r e p o r t  i s  based on the r e s u l t s  o f  var ious  co-ordinated a c t i o n s  

from the p a r t i c i p a n t s  i n  the p r o j e c t :  

1. Quest ionna i res  on the e x i s t i n g  s ta te -o f - t he -a r t  o f  windows and the  

s t a t e - o f - t h e - a r t  i n  new window designs have been d i s t r i b u t e d  

among the  p a r t i c i p a n t s  (see appendix 1) .  I n  some coun t r i es  these 

ques t ionna i res  were d i s t r i b u t e d  among e.g. a r c h i t e c t s  and 

manufacturers, i n  other  coun t r i es  a  more c e n t r a l i s e d  approach was 

chosen. 

From Belgium, I t a l y ,  The  etherl lands and Norway i n  t o t a l  27 

r e p l i e s  w r e  received. 

2. Swi tzer land and Germany produced as p a r t  of t h e i r  e f f o r t s  w i t h i n  

t h e  p r o j e c t  extensive documents descr ib ing  the s ta te -o f - the-ar t  

i n  t h e i r  respec t ive  coun t r i es  (1 11, 121, [ > I ) .  
The Swiss document p rov ides  a.0. s t a t i s t i c a l  data of window 

a p p l i c a t i o n s  i n  p rac t i ce ,  t he  German documents show a.0. a  very  

d e t a i l e d  d e s c r i p t i o n  o f  a l l  k inds  of window features. 

These documents a l so  con ta in  va luab le  i n fo rma t i on  concerning 

measurement methods, U-values and b u i l d i n g  r e g u l a t i o n s  i n  both 

count r ies .  This  i n fo rma t i on  w i l l  be r e f e r r e d  t o  i n  t he  other  

r e p o r t s  w i t h i n  t h i s  p ro jec t .  Furthermore, a  paper from the  UK 

concerning the  renovat ion  market ( [4 ] )  was used. 

3. Ne i ther  t he  completed quest ionnai res,  nor t he  more extensive 

documents, however, conta ined s u f f i c i e n t l y  homogeneous in fo rmat ion  

f o r  a  survey i n  which comparisons cou ld  be made between the  

p a r t i c i p a t i n g  countr ies.  Therefore, each p a r t i c i p a n t  was asked t o  

w r i t e  a  sunmary on the  s ta te -o f - the-ar t  i n  windows and i n  a d d i t i o n  

a,sumnary w i t h  a  - maybe personal - view on f u t u r e  developnents. 

4. F i n a l l y ,  each p a r t i c i p a n t  was i n v i t e d  t o  f i l l  i n  n t a b l e  w i t h  a  

few words cha rac te r i z i ng  the  n a t i o n a l  s i t u a t i o n .  This  t a b l e  has 

been i n c l u d e d ' i n  t h i s  repo r t  as chapter 5 .  



3: STATE-OF-THE-ART I N  E X I S T I N G  WINDOWS 

3.1. Frame Ma te r i a l s  

a. General ; 
The p r e v a i l i n g  m a t e r i a l  fo r  o lde r  e x i s t i n g  window frames i s  

wood. I n  new b u i l d i n g s  i nsu la ted  aluminium and PVC frames have 

gained a  c e r t a i n  share o f  the market. The preference f o r  a  

c e r t a i n  frame-mater ial  however, s t rong l y  depends on the type o f  

b u i l d i n g .  

b. Res iden t i a l  b u i l d i n g s  

For new r e s i d e n t i a l  b u i l d i n g s  wood ( f i g u r e s  1, 2  and 3) p lays  

s t i l l  a  predominant ro le ,  ranging from 80-90 percent i n  e.g. 

Norway, t he  Netherlands, UK and I t a l y  t o  60-70 percent i n  

Belgium, Germany ([ 51, [ 6 ]  ) and Switzer land. 

The type of wood shows a  s t rong va r i a t i on :  i n  Swi tzer land and 

Norway mainly softwood, i n  e.g. Belgium mainly hardwood (merant i  

and a f z e l i a ) .  I n  t he  Netherlands the share o f  hardwood (main ly  

merant i )  increased d r a s t i c a l l y  du r i ng  the  1970s from 15 t o  60 

percent.  

I n  the USA wooden windows are o f ten  so ld  w i t h  aluminium o r  v i n y l  

c ladding.  I n  Swi tzer land 20% o f  t he  frames f o r  new houses 

cons i s t s  o f  a  combination o f  wood and aluminium. 

The market f o r  p l a s t i c  frames (mainly PVC, a l so  PUR) i n  new 

dwel l ings  i s  i n  some count r ies  s t i l l  small, ranging from less  

than 1  percent f o r  e.g. t he  Netherlands, t o  15 percent f o r  

Switzer land. Belgium counts about 25% PVC (mainly i n  t he  rented 

housing sec tor ,  because o f  much more favourable maintenance 

cos ts ) .  I n  Germany more than 40 percent i s  PVC m a t e r i a l  ( f i g u r e  

4 ) .  

Aluminium frames wi thout  a  thermal break are repor ted s t i l l  t o  be 

so ld  widely  i n  t he  southern t h i r d  o f  t he  USA. 



Figure  2:  

F i g u r e  1: Example of d r a i n e d  wooden 

frame system ([7]). 

I 

Example o f  

wi th  f u l l y  

g l a z i n g  ([ 51). 

F i g u r e  3: Example o f  wooden frame 

bottom f o r  s e a l e d  t r i p l e  g l a z i n g  

( [ E l  1. 
indoor  
measures i n  
mm 



I n  a l l  c o u n t r i e s ,  a luminium f r ames  w i t h  t h e r m a l  b a r r i e r s  g a i n  i n  

p o p u l a r i t y ,  a l t h o u g h  t h e  p e r c e n t a g e s  o f  t h e  marke t  are s t i l l  

q u i t e  low: 0% f o r  S w i t z e r l a n d ,  5-10% f o r  t h e  N e t h e r l a n d s  and 

Belgium, 12% i n  Germany ( f i g u r e  5), maybe h i g h e r  i n  t h e  USA, 

p a r t i c u l a r l y  i n  s o u t h e r n  t h i r d  o f  t h e  c o u n t r y  which is 

e x p e r i e n c i n g  t h e  h i g h e s t  growth  ra te  ( e . 9 .  F l o r i d a ,  Texas ,  

s o u t h e r n  C a l i f o r n i a ) .  

From I t a l y  t h e  u s e  o f  s tee l  is r e p o r t e d  i n  r e c e n t  l ow-cos t  

h o u s i n g  p r o j e c t s .  

c. R e t r o f i t  s e c t o r  

Only f o r  a few c o u n t r i e s  f i g u r e s  are a v a i l a b l e  f o r  t h e  s e c t o r  o f  

r e p l a c e m e n t  o f  windows, a l t h o u g h  i n  most c o u n t r i e s  t h i s  is a  

marke t  s e c t o r  o f  main i m p o r t a n c e  (e .9.  Germany 53% o f  t h e  

f e n e s t r a t i o n  ' m a r k e t ) .  But a l s o  w i t h o u t  h a r d  f i g u r e s  i t  is c l e a r  

t h a t  t h e  r o l e  o f  a l t e r n a t i v e  materials i n  t h i s  marke t  s e c t o r  is 

more s i g n i f i c a n t  t h a n  i n  t h e  new r e s i d e n t i a l  b u i l d i n g  s e c t o r .  I n  

t h e  s e l e c t i o n  p r o c e s s  i n  t h i s  marke t  s e c t o r  ma in t enance  c o s t s  

p l a y  an  i m p o r t a n t  r o l e .  I n  Belgium PVC h a s  a  marke t  s h a r e  o f  40  

p e r c e n t  a g a i n s t  abou t  60 p e r c e n t  f o r  wood. I n  Germany a l m o s t  6 0  

p e r c e n t  is PVC a g a i n s t  25 p e r c e n t  wood and 1 0  p e r c e n t  i n s u l a t e d  

aluminium. I n  t h e  U K  90  p e r c e n t  is aluminium ( p l u s  where r e q u i r e d  

a hardwood sub f r ame)  and abou t  1 0  p e r c e n t  ( b u t  g rowing)  f o r  PVC, 

w i t h  a  marked e x c e p t i o n  f o r  t h e  p u b l i c  s e c t o r  h o u s i n g ,  where 

u s u a l l y  t i m b e r  f r a m e s  w i t h  s i n g l e  g l a z i n g s  a r e  a p p l i e d .  

Another  way t o  improve t h e  q u a l i t y  o f  e x i s t i n g  windows is by 

a d d i n g  a n  e x t r a  s h e e t .  Fo r  Belgium t h i s  is a b o u t  1 0  p e r c e n t  o f  

t h e  window r e t r o f i t - m a r k e t .  I n  t h e  U K  and t h e  N e t h e r l a n d s  

p r o b a b l y  t h e  same o r  h i g h e r .  I n  t h e  USA i n t e r i o r  and e x t e r i o r  

" s to rm windows" have  i n c r e a s e d  i n  p o p u l a r i t y .  Many o f  t h e  

i n t e r i o r  s y s t e m s  u t i l i z e  p l a s t i c  f i l m  o r  s h e e t  p r o d u c t s .  A wide  

r a n g e  o f  p o s s i b i l i t i e s  e x i s t s  i n  f i x i n g  t h e  add-on u n i t s :  wood o r  

aluminium frames h i n g e d  o r  sc rewed on t h e  e x i s t i n g  window, 

s l i d i n g  s a s h e s  (UK), p l a s t i c  f r a m e s  g l u e d  on t h e  add-on s h e e t ,  o r  

f r a m e l e s s  ( a d h e r e n c e  t a p e ,  magne t i c  t a p e s ,  etc.  ( t h e  

N e t h e r l a n d s ) ) .  
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Figure 4: Example of PVC frame with steel reinforcements ([5] ). 

Figure 5: 

measures in mm 

Example of insulated aluminium frame with 

([ 51 ) . 
thermal breaks 



I t  is p a r t i c u l a r l y  i n  t h e  Do I t  Y o u r s e l f  s e c t o r  t h a t  t h e s e  

s y s t e m s  a r e  p o p u l a r  and e .g.  i n  s i t u a t i o n s  where  e x i s t i n g  

windows a r e  p r e s e r v e d  t o  r e t a i n  t h e  c h a r a c t e r  o f  t h e  a p p e a r a n c e  

o f  t h e  window. By i n s t a l l i n g  an  a d d i t i o n a l  s e c o n d a r y  g l a z i n g  a t  

r e l a t i v e l y  low c o s t s ,  o t h e r  improvements  may b e  a c h i e v e d  

( a c o u s t i c  i n s u l a t i o n ,  a i r  t i g h t n e s s ) .  D i s a d v a n t a g e s  may b e  

c l e a n i n g ,  c o n d e n s a t i o n  and I R - t r a n s p a r a n c y  o f  c e r t a i n  p l a s t i c  

m a t e r i a l s .  

d. Commercial  s e c t o r  

I n  t h e  s e c t o r  o f  commerc ia l  and  i n s t i t u t i o n a l  b u i l d i n g s  o n l y  few 

f i g u r e s  a r e  a v a i l a b l e ,  a l t h o u g h  i n  a l l  c o u n t r i e s  i t  is c l e a r  t h a t  

a luminium f r a m e s  have  a  h i g h  s h a r e  o f  t h i s  marke t ;  f o r  i n s t a n c e  

i n  S w i t z e r l a n d  t h e  i n s u l a t e d  aluminium f r ames  c o u n t  f o r  r o u g h l y  

45 p e r c e n t  and  wood/metal c o m b i n a t i o n s  f o r  a b o u t  25 p e r c e n t .  

Wooden and  p l a s t i c  f r a m e s  can be found i n  o n l y  5 p e r c e n t  o f  t h e  

new b u i l d i n g s  i n  t h i s  s e c t o r  i n  t h i s  c o u n t r y .  A l so  s teel  f r a m e s  

c a n  be  found.  

e. Q u a l i t y  c o n t r o l  

The o r g a n i s a t i o n  o f  q u a l i t y  c o n t r o l  f o r  f rame m a t e r i a l s  and  

p r o d u c t s  d i f f e r  f rom c o u n t r y  t o  c o u n t r y .  I n  Germany f o r  i n s t a n c e  

m a n u f a c t u r e r  o r g a n i s a t i o n s  have  set up q u a l i t y  c o n t r o l  s y s t e m s  

f o r  window t y p e s  and  window p r o d u c t i o n  (RAL q u a l i t y  s i g n s ) .  I n  

Norway n e a r l y  a l l  windows a r e  made under  t h e  q u a l i t y  c o n t r o l  

s y s t e m  o f  t h e  Norwegian Door and  Window C o n t r o l  (NDVK), i n c l u d i n g  

a l l  p a r t s  o f  t h e  window (wood, p a i n t i n g ,  g l u e ,  g l a z i n g ,  w e a t h e r  

s t r i p s  and m e t a l  p a r t s ) .  

Q u a l i t y  c o n t r o l  c o n c e r n i n g  a i r  and w a t e r  t i g h t n e s s  e x i s t s  i n  a l l  

p a r t i c i p a t i n g  c o u n t r i e s .  



a) Single wall 
with exterior 
insulation 

insulation 

~p 

Massive wall 
in autoclaved 
aerated con- 
crete 

d) Double wall 
with central 
insulation 

F igu re  6a: b i n  w a l l  cons t ruc t i ons  and window mounting procedure. 

TOP 

SIDE 

BOTTOM 

F igu re  6b: Idem; t imber  frame w a l l s  ( [ 9 ] ) .  



3.2. General frame design 

In the 19th century the prevailing window type in countries like the 
United Kingdom and the Netherlands was the vertical sliding window. 
In Belgium the last few centuries the window has consisted of a 
fixed light at the top and two smaller glazed parts opening towards 
the inside. 
In the second half of that century in Germany double-winged swing 
windows were used, with a center mullion and a height of 0.90 - 1.20 
m. Due to the room height a top window element was added. During the 
first half of the 20th century the trend was to keep the window-area 
free of construction elements. So the center mullion disappears more 
and more. Living rooms in Germany then were provided with double 
(box-type) windows. All other rooms had single glazed windows. Since 
1930 double-operating windows exist. 
In the Netherlands the 19th century window was succeeded by a window 
divided into three parts, a large unmovable part and next to this a 
combination of two smaller windows: a swing window with a fanlight 
above it, both opening to the outside. In the UK opening lights are 
either at the top or on one of the sides. 

Most countries show a large diversity of framings, but e.g. in the 
USA double hung and sliding windows are probably the most popular 
types. As opposed to the situation in e.g. the Netherlands side hung 
windows in e.g. 8elgiurn are opening to the inside. 
Another striking difference observed when comparing the various 
countries is the way the window is mounted: in the Netherlands the 
windows are put into place and masonry cavity walls are built around 
them. In most other countries windows are mounted after the wall has 
been finished. In Switzerland for instance the mounting is done from 
the inside (figure 6 )  and the window is mostly kept in one plane 
with the interior wall surface (40%). In e.g. the Netherlands and 
the UK the windows are usually glazed when the main construction 
work is completed; in Norway for instance most windows are factory 
glazed. 

Most countries report different techniques in commercial and 
institutional buildings; due to both the different architectural 
approach (e.g. curtain walls, window strokes) and to the often less 
traditional types of framing materials. 
Also in dwellings new materials lead to new types of windows and 
fitting techniques, like the double aluminium or plastic horizontal 
sliding sashes (the Netherlands, figure 7) or the use of prefab 
concrete elements for the inner slab of the cavity walls, which in 

the Netherlands led to a fitting technique deviating from tradition: 
the factory glazed window is fitted from the outside to the concrete 

wall and a masonry wall is built on the outside around the window. 



Figure 7a: Ventilation position. 

Figure 7b: Cross section, closed position. 

F i g u r e  7: Example o f  new d e s i g n  types :  twin  set of  s i n g l e  h o r i m n t a l  

s l i d i n g  s a s h e s  ( t h e  Ne ther lands ) .  



1 n '  most c o u n t r i e s  t h e  window a r e a  i s  back  where it was i n  t h e  

1950s  and b e f o r e  ( t h e  N e t h e r l a n d s  e .g .  abou t  1 5  m2 p e r  d w e l l i n g ) .  

Dur ing  t h e  1960s t h e  window a r e a s  were i n c r e a s e d  d r a s t i c a l l y ;  t h e  

m a t e r i a l  was r e l a t i v e l y  cheap  and t h e  a d d i t i o n a l  d a y l i g h t i n g  was 

a p p r e c i a t e d .  

Dur ing  t h e  1970s  t h e  a r e a  d e c r e a s e d  a g a i n ,  a . 0 .  because  o f  t h e  new 

i n s u l a t i o n  demands. 

I n  t h e  USA t h e  u s e  o f  s k y l i g h t s  i s  r e p o r t e d  a s  hav ing  i n c r e a s e d  i n  

p o p u l a r i t y  o v e r  t h e  l a s t  few y e a r s ;  t h e  p r imary  a t t r a c t i o n  of  t h e  

t r a d i t i o n a l  p l a s t i c  dome o r  newer f l a t  g l a s s  s k y l i g h t s  i s  p r o b a b l y  

t h a t  t h e y  p r o v i d e  more l i g h t  and a  more p l e a s i n g  s p a c e  i n  t h e  home. 

They a r e  a v a i l a b l e  w i t h  m u l t i p l e  g l a z j n g ;  c l e a r ,  t i n t e d ,  o r  

d i f f u s i n g  m a t e r i a l ;  may be o p e r a b l e  f o r  v e n t i l a t i o n ;  a n d  some a r e  

s o l d  w i t h  i n t e r i o r  b l i n d s  o r  s h a d e s .  

I n  t h e  UK t h e  i n s t a l l a t i o n  o f  " p a t i o  doors"  i n  t h e  r e n o v a t i o n  s e c t o r  

h a s  expanded r a p i d l y  i n  r e c e n t  y e a r s .  These f u l l y  g l a z e d  ( s a f e t y  

g l a s s )  s l i d i n g  d o o r s  w i t h  a lumin iun  f rames  o f t e n  r e p l a c e  windows o r  

form t h e  g l a z i n g  of  an  e x t e n s i o n  room added t o  t h e  house .  The l a t t e r  

i d e a  t o  c a t c h  t h e  sun  i s  nowadays a l s o  found a g a i n  i n  Be lg iun  where 

t h e r e  is a  s t r o n g  t endency  towards  t h e  c o n s t r u c t i o n  o f  a  s o - c a l l e d  

v e r a n d a  on t h e  r e a r  wall o f  houses .  

3.3. G l a z i n g  

a .  ~ e s i d e n t i a l  b u i l d i n g s  

I t  is n o t  s u r p r i s i n g  t h a t  t h e  t r a d i t i o n a l  window i n  c o u n t r i e s  

wit.h mode ra t e  c l i m a t e s  h a s  s i n g l e  g l a z i n g .  For t h e s e  c o u n t r i e s  

t h e  m a j o r i t y  of  t h e  b u i l d i n g s  is s t i l l  s i n g l e  g l a z e d  d e s p i t e  

growing r e n o v a t i o n  a c t i v i t i e s .  

D w e l l i n g s  b u i l t  a t  t h i s  moment i n  UK and t h e  N e t h e r l a n d s  s t i l l  

have  a  s i g n i f i c a n t  s h a r e  of  s i n g l e  g l a z i n g .  I n  t h e  UK a b o u t  80% 

i s  s t i l l  s i n g l e  g l a z e d ,  which i s  p e r m i t t e d  p r o v i d e d  t h e  maximum 

window d o e s  n o t  exceed  12% o f  t h e  p e r i m e t e r  w a l l  a r e a ;  t h e  o t h e r  

15% a r e  d o u b l e  s e a l e d  g l a z i n g  u n i t s ;  i n  t h e  UK t h e r e  i s  a l s o  a  

growing t endency  t o  a p p l y  s a f e t y  g l a s s  ( l a m i n a t e d  o r  t oughened)  

b e c a u s e  of  new r e g u l a t i o n s .  I n  t h e  N e t h e r l a n d s  s i n g l e  g l a z i n g  i s  

s t i l l  p e r m i t t e d  i n  d w e l l i n g s  e x c e p t  f o r  l i v i n g  rooms and 

k i t c h e n s ;  



this means that only about two-thirds of the windows in new 

dwellings is double glazed. In Italy all recent windows are 

double glazed, with the exception of the southern part of the 

country. 

In Belgium, Switzerland and Germany all or nearly all new windows 

have double glazing. Some are coated and some even have triple 

glazing. 

For new windows in Norway triple glazing or double with low- 

emissivity coating is compulsary, most of them are sealed units. 

The situation in the USA varies widely with the climates, but 

even in the southern zones there is a major shift from single to 

double glazing, mainly as sealed units. Triple glazing has a 

share of 5-10 percent, but this figure will probably not 

increase, perhaps even decrease because manufacturers are 

beginning to offer double glazing units with low-emissivity 

coatings. 

As mentioned before, in the replacement sector add-on units, many 

of these with plastic film or sheet products, have increased in 

popularity in various countries (USA, the Netherlands, UK) . 
b. Commercial sector 

For the commercial and institutional sector only.statistics from 

Switzerland are available. As could be expected in this sector 

more windows are applied with solar absorbing or reflecting 

glazings, although the percentage is still low (6%). 

The percentage of triple glazing in this sector in Switzerland is 

much higher: 28%and only 6% is single glazed. 

The USA reports the wide-spread use of tinted and reflective 

glass in non-residential constructions, but also in the southern 

third of the country with greater frequency in residential 

buildings. 

c. Sealed units 

The majority of sealed units of multiple-glazing have aluminium 

spacers with primary butyl and secondary polysulphide or silicone 

sealing. 

The glazing of sealed units is critical. In the Scandinavian 

countries drained glazing is always used, whereas other countries 

tolerate fully bedded glazing systems with non-setting mastics. 



Most coun t r i es  have some k i n d  o f  q u a l i t y  c o n t r o l  system f o r  

sealed u n i t s  w i t h  double g laz ing.  

The m a j o r i t y  o f  a l l  sealed u n i t s  produced or on the market are 

subjected t o  an ex te rna l  q u a l i t y  con t ro l .  I n  most coun t r i es  t he  

q u a l i t y  c o n t r o l  i s  vo luntary.  

The main d i f f e r e n c e  between the count r ies  i s  the o rgan i sa t i on  o f  

r e s p o n s i b i l i t i e s .  

For t he  EEC-countries ( v i a  the Union Europeenne pour 11Agr6ement 

technique dans l a  cons t ruc t i on  ( t he  UEAtc) at tempts are being 

made t o  harmonise q u a l i t y  c o n t r o l  a t  t he  i n t e r n a t i o n a l  l e v e l .  



3.4. Night insulation and solar shading devices 

The use of blinds and shutters varies widely from country to 

country. This kind of provision is used for reasons of security, 

privacy, solar shading and/or thermal insulation. 

In Italy external roller blinds are found practically everywhere in 

the residential sector, except in case of particular architectural 

requirements or traditions (mountain villages, historical city 

centers) where hinged ,shutters are applied. The roller blinds, 

mostly plastic, sometimes wood or aluminium, are used as night time 

insulation and darkening and also as solar shading devices, in which 

case they are partially lowered. 

In sharp contrast to this, external roller blinds are almost unknown 

in the Netherlands, where hinged shutters used to be the traditional 

protection during night time, until they disappeared in the 19th 

century. 

In its neighbour countries Belgium and Germany a different trend can 

be found: the hinged shutters have been maintained and partially 

succeededby wooden roller blinds in the beginning of the present 

century. Since 15 years wooden roller blinds disappear more and more 

and plastic and aluminium substitute the traditional material. In 

Germanythe roller blind market in 1984 was divided into 70 percent 

plastic and 30 percent aluminium. The use of wood, in 1972 still 10 

percent of the market, has almost disafipeafed. In Belgium 30 percent . : 
of 'new dwellings is provided with roller blinds. Also on the 

retrofit market added roller blinds are popular in this country. 

A similar situation can be found in Switzerland: roller shutters and 

venetian blinds are both. found in about 25 percent of the new 

dwellings. These shutters and blinds are used both for night 

insulation and for solar shading. 



I n  the Netherlands i n t e r i o r  venet ian b l i n d s  are commonly found, bu t  

a lso  e x t e r i o r  screens, added by the i nhab i tan ts  as a necessary, more 

e f f i c i e n t  so la r  shading, f o r  instance i n  h i g h l y  glazed appartment 

bu i l d i ngs .  Venetian b l i n d s  w i t h  c losed s l a t s  sometimes replace 

c u r t a i n s  as n igh t .  i n s u l a t i o n .  I n  many Dutch l i v i n g  rooms, however, 

n i g h t  i n s u l a t i o n  p rov i s i ons  are i n s t a l l e d  but  never used. 

I n  t he  USA i n  t he  l a t e  sevent ies many' new i n s u l a t i n g  and shading 

products appeared f o r  i n t e r i o r  and e x t e r i o r  use. Many had good 

p o t e n t i a l  performance bu t  were cos t l y ,  hard t o  operate, and no t  

v i s u a l l y  p leas ing.  

Over t he  past f i v e  years, manufacturers o f  t r a d i t i o n a l  cu r ta ins ,  

drapes, b l i nds ,  etc., have o f f e r e d  more energy-saving features w i t h  

products t h a t  already have market acceptance. Several  European 

products (e.9. e x t e r i o r  r o l l e r  shu t te rs  and operable b l i n d s )  are 

be ing  marketed i n  the US. The growth r a t e  i s  high, bu t  t he  absolute 

numbers are s t i l l  very small. The m a j o r i t y  o f  these systems, even i n  

new construct ions,  are added t o  the window, ra the r  than i n t e g r a t e d  

i n t o  t he  window system. 

I n  t he  non - res iden t i a l  sector  mainly indoor  venet ian b l i n d s  are 

used. 



Figure 8: Example o f  innovat ive  design: double g l a z i n g  with two low- 

e m i s s i v i t . ~  f o i l s  ( [ l ] ) .  



4. FUTURE DEVELOPMENT 

I n  the near f u tu re  energy sav ing and d u r a b i l i t y  w i l l  a l s o  dominate 

the  development of windows and window components. 

Wood i s  s t i l l  t he  cheapest frame mater ia l ;  one can presume t h a t  new 

preserva t ion  methods w i l l  be developed t o  prevent r o t  formation i n  

cons t ruc t i on  (e.g. Norway) and b e t t e r  q u a l i t y  t imber  w i l l  be used t o  

combat t h e  use of a l t e r n a t i v e  frame mater ia ls ,  p a r t i c u l a r l y  PVC 

(e.9. UK). Another way t o  go i s  t o  combine mater ia ls ,  t o  combine the 

advantages of a l l  m a t e r i a l  i n  window cons t ruc t i on  (e.g. Norway, 

Germany). Knowledge and experience w i t h  cu r ren t  t imber  window frame 

sec t ions  i n  Norway has developed t o  the extend t h a t  t he  op in ion  i s  

t h a t  f u r the r  improvement i s  u n l i k e l y .  

Concerning g l a z i n g  ma te r i a l s  i t  i s  expected t h a t  s i n g l e  g l a z i n g  w i l l  

cont inue t o  be replaced by double g laz ing  (e.g. UK, t he  

Netherlands).  A growing market i s  expected f o r  g l a z i n g  w i t h  low- 

e m i s s i v i t y  coat ings combined w i t h  h i g h  so la r  transparency. I n  t he  UK 

t he  demand f o r  low-emiss iv i t y  g lass i n  double glazed u n i t s  s t a r t e d  

i n  t he  replacement window business, bu t  w i l l  s p i l l  i n t o  t he  new 

housing market. I n  Germany i t  i s  be l ieved t h a t  t he  development o f  

coa t ings  i s  l i m i t e d  w i t h  respect  t o  t h e  co lour :  German domestic 

consumers want n e u t r a l  co lour  coat ings. 

I n  t he  USA g l a z i n g  w i t h  low-E coat ings i s  emerging as a major 

product.  Several  manufacturers i n  the US are rep lac ing  t h e i r  t r i p l e  

glazed product l i n e s  w i t h  low-E products. Most major g lass  

manufacturers now produce a l o w 4  product. These are p r i m a r i l y  

mu l t i - l aye red  sput te red  f i l m s  bu t  p y r o l i t i c  coat ings are expected t o  

appear on the  market i n  1986. Low-E coat ings on p l a s t i c  suspended i n  

a double glazed u n i t  are o f f e r e d  by severa l  manufacturers bu t  have 

no t  captured a l a r g e  share of t he  market. Windows w i t h  a n t i -  

r e f l e c t i v e  (h igh  t ransmiss ion)  p l a s t i c  f i l m s  s t re tched i n  t he  a i r  

space are a l s o  marketed i n  the USA. 



a) Winter with fresh air 

b )  Winter without fresh air 

C )  Summer 

Figure 9: Example o f  innovat ive  des ign:  exhaust a i r  window ( [ I ] ) .  



In other countries too the market for triple glazing is not expected 

to grow. The manufacturing process of triple glazed units is 

expensive and the seals are vulnerable; the additional weight also 

requires more rigid frames, stronger fittings and is more difficult 

to assemble. 

Low-E, gasfilled double glazing units will probably have a growing 

market, but quality control with respect to the sealing and the 

actual composition of the gases is necessary. At the moment there 

are wide differences in quality (e.9. Germany). 

In the US because of skepticism concerning the tightness of 

gasfilled units, although manufacturers are discussing the 

use of gasfills, few have ventured into this area with 'actual 

products. 

One may expect a conflict between temporary and permanent heat 

insulation. The result should be left to the free market forces, but 

it is expected (e.9. Germany) that the trend is towards 'temporary' 

insulation (blinds etc.) in dwellings ' and towards 'permanent' 

insulation in the non-residential sector. 

In the UK safety standards will continue to be applied more 

rigorously thus increasing the de~nand for toughened and laminated 

glass and in some cases polycarbonate glazing. 

It is not expected that currently rather uncommon energy saving 

devices, e.g. automatic insulating shutters, insulating blinds, 

etc., will find a rapidly increasing use, in either new dwellings or 

as add on solutions in existing housing, unless skimulating measures 

are taken. 

Other auxiliary devices such as foils, Silica Aerogel, etc. should 

be ~ u d g e d  cautiously. Regarding their long-term effect, the 

materials are .rather unknown, and there is not yet any practical 

experience. 

However, if these innovative solutions stand the tests there are 

obviously good possibilities. 



C o n n e c t i o n  W i n d o w - W a l l  

B u t t - J o i n e d  w i t h  F a i r - F a c e d  

C o n c r e t e  N a t u r a l  S t o n e ,  

M e t a l l i c  o r  C e r a m i c  

B u i l d i n g  M a t e r i a l s  

C o n n e c t i o n  I l i n d o w - l i a l l  

I n s i d e  w i t h  F a i r - F a c e d  

C o n c r e t e .  N a t u r a l  S t o n e ,  . '  

M e t a l l i c  o r  C e r a m i c  

R u i l d i n g  M a t e r i a l s  

V-~UALL ,. p L A s T E R  I N S U L A T ~ O ~ ~  

Examples f o r :  - ~ x ~ e c t e d  expansion o f  J o i n t s  ,< 4 mm 
- S t r e s s  groups accord ing  D I N  18055, Par t  2 :  B ,  C 
- V i b r a t i o n s :  heavy l i v e  l o a d s  
- S t r e s s  group: 2 
- S e a l i n g  by means o f  j o i n t  s e a l a n t .  

F igu re  10: Some methods of connect ing the window t o  t he  bu i l d i ng .  



From S w i t z e r l a n d  two t y p i c a l  i n n o v a t i v e  d e s i g n s  a r e  p r e s e n t e d  ( [ I ] ) ,  

a  ' p a s s i v e '  and a n  ' a c t i v e '  s o l u t i o n  f o r  energy c o n s e r v a t i o n :  

1. an i n t e g r a t e d  window/ fa~ade  system with  extreine low the rmal  

t r a n s m i s s i o n  p r o p e r t i e s  (U = 0.6 w/m2K); t h e  window c o n s i s t i n g  o f  

a  double  g l a z i n g  u n i t  wi th  two low-emiss ivi ty  f o i l s  suspended i n  

t h e  a i r  s p a c e  and a  frame wi th  U-value of 0.90 w/m2K ( f i g u r e  8); 

2 .  an i n t e g r a t e d  v e n t i l a t e d  window ( ' c l i m a t e  window') i n  which 

exhaus t  a i r  can be v e n t i l a t e d  through t h e  c a v i t y  between i n n e r  

and o u t e r  panes t o  i n c r e a s e  t h e  i n n e r  pane t empera tu re .  The 

exhaus t  a i r  is then l ed  through an i n t e g r a t e d  h e a t  exchanger t o  

p r e h e a t  t h e  f r e s h  a i r  f o r  n a t u r a l  v e n t i l a t i o n  of t h e  room. Other 

flow d i r e c t i o n s  can be chosen t o  deal  wi th  e.g. summer s i t u a t i o n s  

( f i g u r e  9 ) .  

As t h e  conductance  o f  t h e  g l a z i n g  u n i t  is reduced,  more a t t e n t i o n  is 

g o i n g  t o  be pa id  t o  edge e f f e c t s :  s p a c e r s  of double  g l a z i n g  u n i t s ,  

a l m i n i u m  s a s h e s  and frames and w a l l  connec t ions .  I n  Germany and 

Belgium t h e  the rmal  b r i d g e s  from t h e  l a t t e r  have a l r e a d y  led  t o  

g u i d i n g  r u l e s  on t h e  placement o f  window systems;  t h e s e  r u l e s  should  

be  made o b l i g a t o r y  i n  every  s i t u a t i o n  ( f i g u r e  10) .  

I n  some c o u n t r i e s  it is expec ted  t h a t  weather s e a l s  w i l l  improve i n  

t h e  f u t u r e .  

Th i s  means b e t t e r  l a s t i n g  e l a s t i c i t y ,  longer  d u r a b i l i t y  under 

c l i m a t i c  s t r a i n s  and b e t t e r  r e s i s t a n c e  t o  deformat ion and 

s h r i n k a g e .  The use  o f  more s o p h i s t i c a t e d  hardware a s s o c i a t e d  w i t h  

windows w i  11 probably i n c r e a s e .  

Very t i g h t  windows can  worsen condensa t ion  problems i n  a l r e a d y  t i g h t  

b u i l d i n g s .  I n  s e v e r a l  c o u n t r i e s  t h e  s o l u t i o n  t e n d s  t o  a  mechanical  

v e n t i l a t i o n  system wi th  i n  some c a s e s  a  h e a t  recovery system. 

S e p a r a t e  v e n t i l a t i o n  openings  have become common a s  i n t e g r a t e d  p a r t s  

w i t h i n  t h e  window frame; r e l a t e d  t o  t h e s e  p r o v i s i o n s  a r e  a s p e c t s  o f  

a c o u s t i c a l  and thermal  i n s u l a t i o n .  



F i n a l l y ,  t h e r e  i s  an i n c r e a s i n g  demand f o r  windows wi th  a  b e t t e r  

a c o u s t i c  performance i n  both  new,and e x i s t i n g  housing (e .g .  U K ,  t h e  

Ne ther lands )  due t o  concern  wi th  a  pe rvad ing  n o i s e  c l i m a t e  from road 

t r a f f i c  and a i r c r a f t .  i n  t h e  s u r r o u n d i n g s  of major a i r p o r t s .  T h i s  

w i l l  be r e f l e c t e d  by improving frame d e s i g n  and g l a z i n g  w i t h  

' a c o u s t i c '  u n i t s  i n c o r p o r a t i n g  s p e c i a l  s o l u t i o n s  (e .g .  l a m i n a t e s ,  

g a s s e s ) .  



5 .  TABLE W I S E  SURVEY FOR QUICK COMPARISON 

I n  t a b l e  1 t h e  s i t u a t . i o n  i n  each country  for  t h e  r e s i d e n t i a l  

b u i l d i n g  s e c t o r  i s  c h a r a c t e r i s e d  i n  a  few m r d s  t o  a l l o w  quick 

c o m ~ a r i s o n .  



"TRADITIONAL" 
(PRE-WWII) 

POST - WWII 
TRENDS 

NEW TRENDS 
POST 1973 

FUTURE 

COUNTRY 

M a t e r i a l  

Mounting 
Frame 

I Des ign  

G l a z i n g  

S h a d i n g ,  n i g h t  i n s u l a t i o n  

I M a t e r i a l  

Frame 

I Des ign  

I 

G l a z i n g  

Shad ing ,  n i g h t .  i n s u l a t i o n  

I Material 

Frame 

Mounting 

G l a z i n g  

Shad ing ,  n i g h t  i n s u l a t i o n  

R e t r o f i t  

BELGIUM 

Wood 100% 

Jamb i n  masonry 
J o i n t  be tween f rame and masonry 

w i t h  m o r t a r  

Double  o p e n i n g  = s i n g l e  open ing  
( s m a l l  f r ame)  

S i n g l e  g l a z i n g  

R o l l e r  b l i n d  + h i n g e d  s h u t t e r s  

Wood (75%) from 1960: aluminium 
+ steel  (25%) became r a t h e r  
i m p o r t a n t  

Jamb i n  masonry + l a t e r a l  j o i n t  
i n  p l a s t i c  p a c k i n g  

L a r g e  s i n g l e  open ing  - d o u b l e  
o p e n i n g  - French  o p e n i n g  

S i n g l e  g l a z i n g ,  u s e  o f  d o u b l e  
g l a z i n g  - r a t h e r  small 

R o l l e r  b l i n d s  

Wood (50%) - p l a s t i c  f r a m e s  
( m a i n l y  PVC) (25%) and aluminium 
w i t h  t h e r m a l  b a r r i e r  (20%) 
o t h e r s  (5%) 

E l a s t i c a l  m a s t i c  + foam w i t h  and 
w i t h o u t  jamb on t h e  s u r f a c e  o f  
t h e  f a ~ a d e  

Augmenta t ion  o f  t h e  v e r t i c a l l y /  
h o r i z o n t a l l y  h i n g e d  windows / 

R e g r e s s i o n  o f  t h e  d o u b l e - l i g h t  

Double g l a z i n g  more and more t h e  
l a s t  y e a r s  90  .. . 95%, small 
marke t  improved d o u b l e  g l a z i n g  

R o l l e r  b l i n d  

E x t e r n a l  p l a c e d  r o l l e r  b l i n d  

Reduc t ion  o f  g l a z i n g  s u r f a c e s  



COUNTRY 1 GERMANY 
I 

M a t e r i a l  Wood 

Mounting From ins ide ,  a f t e r  w a l l  was 
Frame f i n i s h e d  

I Design Box-type window, s i n g l e  opera t ing  
window 

Glaz ing I 1 S ing le  g laz ing  

Shading, n i g h t  i n s u l a t i o n  I Side-hung s h u t t e r s  
I 

I M a t e r i a l  Wood, aluminium 

Frame I Mounting From ins ide ,  a f t e r  w a l l  was 
f i n i s h e d  

I Design I Box-type windows, double operatin1 
windows, s i n g l e  opera t ing  window, 

Glaz ing I S ing le  g laz ing  

Shading, n i g h t  i n s u l a t i o n  Wooden r o l l e r  b l i nds ,  I overhang (aluminium, s t e e l )  

Frame 

M a t e r i a l  Wood, aluminium, p l a s t i c ,  
(aluminium + wood) 

Mounting From ins ide ,  , a f t e r  wal l .  i s  
f i n i s h e d  

Design S ing le  opera t ing  windows 

Glaz ing Double g laz ing;  t r i p l e '  g laz ing,  
coated g laz ings  

Shading, n i g h t  i n s u l a t i o n  R o l l e r  shu t te rs  (wood, p l a s t i c ,  
aluminium) 

S l a t t e d  b l i n d s  (aluminium) 

R e t r o f i t  I P l a s t i c  w i t h  i n s u l a t i n g  g laz ing  
- -- T - Coated g l a z i n g  



"TRADITIOhAL" 
(PRE-WWI I )  

POST - W W I I  
TRENDS 

NEW 
POS 

TRENDS 
T 1973 

FUTURE 

COUNTRY 

M a t e r i a l  

Mounting 
Frame 

I Design 

Glaz ing  1 
Shading, n i g h t  i n s u l a t i o n  

I M a t e r i a l  

Frame I Mounting 

Design I 
Glazing 

Shading, n i g h t  i n s u l a t i o n  

Frame 

Glaz ing 

M a t e r i a l  

Mounting 

Design 

Shading, n i g h t  i n s u l a t i o n  

R e t r o f i t  

ITALY 

Wood 

S ing le  and double, separate 
sashes 

S ing le  g laz ing  

Cur ta ins,  r o l l e r  b l i n d s  

Wood. aluminium 

S ing le  and double, separate 
sashes 

S ing le  g laz ing  

Cur ta ins,  venet ian b l i n d s ,  
r o l l e r  b l i n d s  

Wood, aluminium, p l a s t i c  

S ing le  sash 

A i r  t i g h t ,  thermal  breaks 

Double g laz ing  

Cur ta ins,  venet ian b l i nds ,  
r o l l e r  b l i n d s  

Double separate sashes 



"TRADITIONAL" 
(PRE-WWII ) 

POST - W W I I  
TRENDS 

TRENDS 
- 1973 

NEW 
PDSl 

FUTURE 

I Design V e r t i c a l  s l i d i n g  

Glaz ing I ( S ing le  g laz ing,  f u l l y  bedded 

THE NETHERLANDS 

Wood, some s t e e l  (app. bldgs.) 

COUNTRY 

Frame 

M a t e r i a l  

Mounting 

Shading, n i g h t  i n s u l a t i o n  I n t e r i o r  drapes fo r  p r ivacy /  
shading; e x t e r i o r  awning, no 
e x t e r i o r  shu t te rs  

S o f t  wood 

Windows pos i t i oned  f i r s t ,  c a v i t y -  
w a l l  erected afterwards Frame 

Design 

I M a t e r i a l  Hard wood, sometimes i n  combinat- 
i o n  w i t h  PVC frame f o r  s l i d i n g  

M a t e r i a l  

Mounting 

D iv ided i n  t h ree  par ts :  1 )  l a rge  
f i xed ,  2)  s i de  hung, 3) t op  
hung, fan l i g h t  

Glaz ing 

Shading, n i g h t  i n s u l a t i o n  

Single, uncommon double 

I n t e r i o r  b l i nds ,  cu r ta ins ,  50% 
used i n  n i g h t  time, awnings 

I Design I Decreasing window areas 

Frame 

Glaz ing Double i n  l i v i n g s  rooms, s i n g l e  
i n  bed rooms, dra ined 1 --- 

Mounting 

Shading, n i g h t  i n s u l a t i o n  I 

As POST - W W I I ,  
some complete windows i n  prefab. 
w a l l s  

R e t r o f i t  ------I 
As PDST - W W I I ,  

some v e r t i c a l  louvres f o r  
decorat ion, e x t e r i o r  

PVC-frames, double glazed, D.I.Y. 
add-on panes (g lass-acry l )  

- Increased Low-E 
- Possible:  Various passive so la r  

designs 



"TRADITIONAL" 
(PRE-WWII) 

POST - W W I I  
TRENDS 

NEW TRENDS 
POST 1973 

FUTURE 

I Design I 

NORWAY 

Wood 

Side hung windows, d i v ided  i n  
smal ler  f e l t  

COUNTRY 

Glaz ing ' 

Frame 

Glazing 

I S ing le  + e x t r a  w in ter  g laz ing,  
from 1960 sealed double u n i t  

M a t e r i a l  

Mounting 

S ing le  g laz ing  

Frame Mounting D i f f e r e n t  type of frames most ly 
s ide  hung or  t u r n  round types 

Design Aluminium frames w i t h  thermal 
breaks 

~ ~- 

Shading, n i g h t  i n s u l a t i o n  

I M a t e r i a l  

Glaz ing 

n.a. 

Wood 

Q u a l i t y  c o n t r o l  comes i n t o  use 
and mounting of g laz ing  i n  
fac tory  

Frames w i th .d ra ined  rabates, 
l a r g e r  f e l t s  o f  windows 

Shading, n i g h t  i n s u l a t i o n  

Cur ta ins  

Wood, but  i n  l a r g e r  b u i l d i n g s  
aluminium and PVC 

Sealed u n i t ,  t r i p l e  g l a z i n g  or 
double w i t h  sealed coa t i ng  

Frame 

- 

Shading, n i g h t  i n s u l a t i o n  Cur ta ins  I 

M a t e r i a l  

Mounting 

Design 

R e t r o f i t  Wood w i t h  2-3 l aye rs  or  PVC- I window i n  l a r g e r  b u i l d i n g s  

- Use of b e t t e r  l o w 4  coat ings 
and g a s f i l l i n g s  

- Depending on economy and 
product poss ib le  i n s u l a t i o n  
shu t te rs  ( in t . /ex t . )  



COUNTRY I SWITZERLAND 

"TRADITIONAL" 
(PRE-WWII ) 

POST - W W I I  
TRENDS 

NEW 
POSl 

TRENDS 
' 1973 

FUTURE 

I M a t e r i a l  / Wood 

Glaz ing I 

Frame 

S ing le  w i t h  an a d d i t i o n a l  s i n g l e  
g l a z i n g  du r i ng  the  hea t i ng  
season 

Mounting 

Design 

I Mounting I n s i d e  
Frame 

I n s i d e  

Side hung casements 

Shading, n i g h t  i n s u l a t i o n  

I M a t e r i a l  

I Design Side hung casements 

~~ 

Ma in ly  storm s h u t t e r  

Wood 

Glaz ing Double g laz ing,  s t a r t  o f  i nsu la te (  
double g laz ings  s ince  1955 

Frame I Mounting Frame i n  the Same plane as the 
i n s u l a t i o n  o f  the w a l l  

Shading, n i g h t  i n s u l a t i o n  

I M a t e r i a l  

I Design Side, s i de  and top hung casements 

R o l l e r  b l i n d s  

Wood: 66%; Wood/metal: 20%; 
P l a s t i c :  14% ( s t a t i s t i c s  1983) 

Glaz ing Double g laz ing:  65%; T r i p l e  
g l a z i n g  24%; double coated 
g laz ing:  11% ( s t a t i s t i c s  1983) 

Shading, n i g h t  i n s u l a t i o n  R o l l e r  b l i n d s  60%; venet ian 
b l i n d s  20%; storm s h u t t e r  20% 

R e t r o f i t  Wood, wood-metal and p l a s t i c  
frames w i t h  double (coated o r  
n o t )  and t r i p l e  g l a z i n g  

- Increased use o f  t r i p l e  g l a z i n g  
- Increased use o f  low-emiss iv i t y  

coa t ings  

1 - Increased use o f  p l a s t i c  frame 



"TRADITIONAL" 
(PRE-WWI I )  

POST - W W I I  
TRENDS 

NEW TRENDS 
POST 1973 

FUTURE 

( M a t e r i a l  I Wood 

UNITED KINGDOM 

Wood 

F ixed a f t e r  cons t ruc t i on  o f  
masonry 

COUNTRY 

Glaz ing  

Frame 

Glaz ing 

M a t e r i a l  

Mounting 

Design 

Frame 

Most ly  s i ng le ,  some i n s u l a t e d  
g l a z i n g  u n i t s ,  f u l l y  bedded w i t h  
non-se t t ing  mast ics 

V e r t i c a l  s l i d i n g  sashes / 
casement 

Single,  s imple p u t t y  glazed 

Shading, n i g h t  i n s u l a t i o n  I n t e r n a l  c u r t a i n s  

Mounting 

Design 

F ixed  a f t e r  cons t ruc t i on  o f  
masonry; sometimes du r i ng  
c o n s t r u c t i o n  

F ixed  frame / opening s ide  and 
top  hung f a n l i g h t s  

R e t r o ' f i t  

I n t e r n a l  cu r ta ins ;  venet ian and 
r o l l e r  b l i n d s  

Some PVC; most ly wood 

Some fac to ry  g l a z i n g  

P a t i o  doors - s a f e t y  g lass  i n  
doors and door surroundings 

Shading, n i g h t  i n s u l a t i o n  

Glaz ing 

Shading, n i g h t  i n s u l a t i o n  

B i g  r e t r o f i t  market aluminium and 
some PVC - a l l  double g l a z i n g  

Frame 

Inc reas ing  double g l a z i n g  r i s i n g  
from 15% i n  new b u i l d i n g s  

I n t e r n a l  cu r ta ins ,  b l i n d s  

- Growing use o f  Low-E w i t h  
Argon-gas 

- Management 
- Sunspaces 

M a t e r i a l  

Mounting 

Design 



COUNTRY 

M a t e r i a l  

Mounting 
Frame 

Glaz ing I 
I 

Shading, n i g h t  i n s u l a t i o n  

M a t e r i a l  

Mounting 
Frame 

Glaz ing 

Shading, n i g h t  i n s u l a t i o n  

( M a t e r i a l  

Frame Mounting 

Design 

Glaz ing 

Shading, n i g h t  i n s u l a t i o n  

R e t r o f i t  

USA 

Wood 

F u l l y  bedded 

Double hung (bo th  sashes, 
v e r t i c a l  s l i d i n g  

Single; Storm windows common 
nor thern  p a r t  i n  s i n g l e  family 

I n t e r i o r  b l inds/drapes for  
pr ivacy/shading un iversa l ;  
i n s u l a t i n g  and e x t e r i o r  systems 
uncommon 

Aluminium frames 

No thermal break; d ra in ,  weep 
ho les  for storm windows 

S l i d i n g ,  casement 
- - ~  ~ 

I n s u l a t i n g  glass, i n t e g r a l  storm 
windows, a v a i l a b l e  bu t  uncommon 

Inc reas ing  use of venet ian b l i n d s  

Aluminium, p l a s t i c  c laddings; 
Wood/plastic c laddings 

Thermal breaks; improved weather 
s t r i p s ;  b e t t e r  q u a l i t y  c o n t r o l  

S l i d i n g ,  casement, double-hung 

Double g l a z i n g  i n  new cons t ruc t io r  
nor thern  2/3 o f  country; some 
Low-E; increased use of s k y l i g h t  

Some e x t e r i o r  shu t te rs ,  more 
i n t e r i o r  i n s u l a t i o n  w i t h  shading 
p r i vacy  

~~~- ~ 

I n t e r i o r  storm wi'ndows, i n s u l a t i n ~  
shades; some replacement of 
s i n g l e  glazed windows f o r  double 

- Increased use o f  Low-E 

- Increased i n t . / ex t .  i n s u l a t i o n  
systems 

- Possib le:  Var iab le  t ransmiss ion 
windows, s p e c t r a l l y  s e l e c t i v e  
g l a z i n g  systems, r e f l e c t i v e  / 
absorbing s i n g l e  g laz ing,  
southern 1/3 o f  country  
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