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ABSTRACT 

C o n s t r u c t i o n  d e t a i l s  a r e  p r e s e n t e d  f o r  a  m a j o r  e n e r g y  c o n s e r v a t i o n  

r e t r o f i t  o f  a b u n g a l o w .  The p r o c e d u r e  i n v o l v e d  t h e  a d d i t i o n  o f  a  w e l l  

s e a l e d  a i r - v a p o u r  b a r r i e r  t o  t h e  e x t e r i o r  w a l l s  and  r o o f  o f  t h e  h o u s e  

and  a d d i t i o n  o f  a b o u t  300 mm o f  g l a s s  f i b r e  b a t t  i n s u l a t i o n .  

I n s u l a t i o n  was a l s o  added t o  t h e  i n t e r i o r  o f  t h e  basemen t  w a l l s  and  an 

a d d i t i o n a l  l a y e r  o f  g l a s s  was added t o  each  window. 

The a i r  l e a k a g e  o f  t h e  h o u s e  as  m e a s u r e d  by  p r e s s u r e  t e s t s  was 

r e d u c e d  f r o m  2.95 a i r  changes  p e r  h o u r  a t  50 p a s c a l s  t o  0.29 a t  50 

p a s c a l s ,  a r e d u c t i o n  o f  90.1%. 

B e f o r e  and  a f t e r  measuremen ts  were  t a k e n  o f  t h e  space  h e a t i n g  

r e q u i r e m e n t s  o f  t h e  house.  The d e s i g n  h e a t  l o s s  o f  t h e  house  was 

r e d u c e d  f r o m  13.1  kW a t  -34°C t o  5.45 kW b y  t h e  r e t r o f i t .  

As t h e  r e t r o f i t  p r o c e d u r e  i n v o l v e d  m a j o r  a l t e r a t i o n s  t o  t h e  e n t i r e  

e n v e l o p e  o f  t h e  s t r u c t u r e ,  c o s t s  f o r  t h e  t o t a l  r e t r o f i t  we re  h i g h .  The 

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

t h e  s t u c c o  on t h e  h o u s e ,  was $23,700 i n  1984  d o l l a r s .  The e n e r g y  

c o n s e r v a t i o n  r e l a t e d  c o s t s  w e r e  $17,200.  

O f  t h i s ,  r o u g h l y  50% was f o r  l a b o u r  and 50% f o r  m a t e r i a l s .  A  

p r o s p e c t i v e  u s e r  o f  t h i s  m e t h o d  s h o u l d  c o n s i d e r  t h e  c o s t / b e n e f i t  

r e l a t i o n s h i p  a n d  may w i s h  t o  i n p u t  h i s  o r  h e r  own l a b o u r ,  i n  some c a s e s ,  

t o  r e d u c e  o u t - o f - p o c k e t  c o s t s .  



INTRODUCTION 

T h i s  n o t e  p r e s e n t s  a  c a s e  s t u d y  o f  a  m a j o r  e n e r g y  c o n s e r v a t i o n  

r e t r o f i t  on  a d e t a c h e d  r e s i d e n c e  i n  S a s k a t o o n ,  S a s k a t c h e w a n ,  Canada.  

S i n c e  1973,  a  l a r g e  number o f  p u b l i c a t i o n s  h a v e  been p r o d u c e d  

w h i c h  p r e s e n t  m e t h o d s  f o r  r e d u c i n g  t h e  s p a c e  h e a t i n g  r e q u i r e m e n t  o f  

r e s i d e n c e s .  M o s t  o f  t h e  p u b l i c a t i o n s  d e a l  w i t h  s u c h  m e a s u r e s  as  

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

a t t i c  i n s u l a t i o n .  S e v e r a l  p u b l i c a t i o n s - - T h e  S u p e r - I n s u l a t e d  R e t r o f i t  

Book ( 1 )  by  M a r s h a l l  and  A r g u e ,  and  A D o u b l e - W a l l  R e t r o f i t  P r o j e c t  ( 2 )  - 
b y  W a r k e n t i n  p r e s e n t  m e a s u r e s  t o  f u r t h e r  r e d u c e  t h e  s p a c e  h e a t i n g  

e n e r g y  c o n s u m p t i o n  o f  h o u s e s  b y  a d d i n g  an a i r - v a p o u r  b a r r i e r  t o  t h e  

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

t h i s  b a r r i e r  t o  p r e v e n t  c o n d e n s a t i o n  f r o m  o c c u r r i n g .  

The c a s e  s t u d y  p r e s e n t e d  h e r e  i s  an e x t e n s i o n  o f  t h e  w o r k  b y  t h e  

a b o v e  m e n t i o n e d  a u t h o r s  i n  t h a t  t h e  e n e r g y  c o n s e r v a t i o n  m e a s u r e s  a r e  

c a r r i e d  f u r t h e r .  I n  a d d i t i o n ,  b e f o r e  and  a f t e r  a i r  t i g h t n e s s  and  

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

s t u d y .  The e n e r g y  c o n s e r v a t i o n  m e a s u r e s  f o r  t h e  h o u s e  i n c l u d e d  t h e  

f o l l o w i n g :  

1. I n s t a l l a t i o n  o f  a  c o m p l e t e l y  new a i r - v a p o u r  b a r r i e r  o v e r  t h e  w a l l s ,  

r o o f  and  b a s e m e n t  w a l l s .  

2. A d d i t i o n  o f  3 0 0  mm ( 1 2  i n . )  o f  g l a s s  f i b e r  i n s u l a t i o n  b a t t s  t o  t h e  

w a l l s ,  r o o f ,  and  b a s e m e n t  w a l l s .  



3. A d d i t i o n  o f  a  t h i r d  l a y e r  o f  g l a z i n g  t o  a l l  w indows  i n  t h e  house .  

4. R e p l a c e m e n t  o f  t h e  gas f u r n a c e  and w a t e r  h e a t e r .  E l e c t r i c  h e a t e r s  

w e r e  u s e d  f o r  s p a c e  h e a t i n g  d u r i n g  t h e  p o s t - r e t r o f i t  e n e r g y  

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

5 .  A d d i t i o n  o f  a  c o n t r o l l e d  v e n t i l a t i o n  s y s t e m  u s i n g  an  a i r - t o - a i r  

h e a t  e x c h a n g e r .  

DESCRIPTION 

The h o u s e  c h o s e n  f o r  t h e  r e t r o f i t  was a  b u n g a l o w  b u i l t  i n  1968 ,  

l o c a t e d  on  an u r b a n  s t r e e t  r u n n i n g  n o r t h - s o u t h  i n  S a s k a t o o n .  The f r o n t  

o f  t h e  h o u s e  f a c e s  w e s t .  P h o t o g r a p h s  o f  t h e  e x t e r i o r  o f  t h e  h o u s e  i n  

t h e  p r e - r e t r o f i t  c o n d i t i o n  a r e  p r e s e n t e d  i n  f i g u r e s  1 and  2 .  The house  

was o f  wood f r a m e  c o n s t r u c t i o n  u s i n g  3 8  x  8 9  mm ( 2  x  4  i n . )  s t u d  w a l l s  

w i t h  s t u c c o  e x t e r i o r  w i t h  a  p o u r e d - i n - p l a c e ,  200 mm t h i c k  c o n c r e t e  

b a s e m e n t  w a l l s  w i t h  a  90  mm t h i c k  c a s t  c o n c r e t e  f l o o r .  P l a n  and 

s e c t i o n  v i e w s  o f  t h e  h o u s e  a r e  p r e s e n t e d  i n  f i g u r e s  3  and  4. I n  t h e  

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

13 .1  kW ( 4 4 , 7 0 0  B t u / h )  a t  -34'C ( - 3 0 ° F ) .  An a i r  l e a k a g e  t e s t  was 

p e r f o r m e d  on  t h e  house  p r i o r  t o  r e t r o f i t  w i t h  t h e  c h i m n e y  and  v e n t s  

b l o c k e d .  The h o u s e  h a d  an e q u i v a l e n t  l e a k a g e  a r e a  o f  0 .0483 m2, and an  

i n d u c e d  a i r  c h a n g e  r a t e  o f  2 . 9 5  a i r  c h a n g e s / h  a t  5 0  p a s c a l s  n e g a t i v e  

p r e s s u r e .  T h i s  l e v e l  o f  a i r  l e a k a g e  was s l i g h t l y  l e s s  t h a n  t h e  a v e r a g e  

o f  3 .6  AC/h a t  50 Pa f o r  a  g r o u p  o f  97 houses  b u i l t  o v e r  t h e  p e r i o d  

1960 -1980  i n  S a s k a t o o n  as  r e p o r t e d  b y  Oumont e t  a1 ( 3 ) .  

E n e r g y  c o n s u m p t i o n  r e a d i n g s  f o r  t h e  o r e - r e t r o f i t  h o u s e  w e r e  

g a t h e r e d  i n  t h e  p e r i o d  J a n u a r y - A p r i l  o f  1982.  D u r i n g  t h i s  p e r i o d  t h e  



h o u s e  was u n o c c u p i e d ,  t h e  gas w a t e r  h e a t e r  d i s c o n n e c t e d ,  and t h e  h o u s e  

m a i n t a i n e d  a t  a  t e m p e r a t u r e  o f  21'C. 

SEQUENCE OF THE RETROFIT 

I n  A u g u s t  o f  1982 ,  t h e  r e t r o f i t  o f  t h e  h o u s e  began.  The sequence  

was as  f o l l o w s :  

1. R o o f  

2. E x t e r i o r  W a l l s  

3 .  Basement  W a l l s  

4. Windows 

A t  a  l a t e r  s t a g e  i n  t h e  p r o j e c t ,  t h e  b a s e m e n t  f l o o r  was t o  b e  

i n s u l a t e d  and  a  h i g h  e f f i c i e n c y  n a t u r a l  gas h e a t i n g  s y s t e m  i n s t a l l e d .  

Each o f  t h e s e  s t a g e s  i s  d i s c u s s e d  i n  t u r n .  

1. R o o f  R e t r o f i t  

A l t h o u g h  t h e  r o o f  was t h e  f i r s t  s e c t i o n  t o  be r e t r o f i t t e d ,  t h e  

s t u c c o  and  s i d i n g  w e r e  removed  f i r s t .  The s t u c c o  was removed  b y  h a v i n g  

one p e r s o n  p r y  t h e  s t u c c o  w i t h  a  f l a t  g a r d e n  spade ,  and  a  s e c o n d  p e r s o n  

p u l l  t h e  m a t e r i a l  away f r o m  t h e  w a l l .  

I n  o r d e r  t o  a l l o w  a  c o n t i n u o u s  a i r - v a p o u r  b a r r i e r  a t  t h e  j u n c t i o n  

b e t w e e n  t h e  w a l l  and  r o o f ,  and  t o  a v o i d  h a v i n g  t o  w r a p  t h e  e x i s t i n g  

e a v e s  and  o v e r h a n g s ,  i t  was d e c i d e d  t o  remove  t h e  e a v e s  and  o v e r h a n g s .  

To a c c o m p l i s h  t h i s ,  t h e  p l y w o o d  s o f f i t s  w e r e  removed,  and t h e  s h i n g l e s  

w e r e  removed  f r o m  t h e  e a v e s  a n d  o v e r h a n g s .  A p o w e r  saw was t h e n  u s e d  

t o  c u t  t h r o u g h  t h e  r o o f  s h e a t h i n g  and  p a r t  way t h r o u g h  t h e  r o o f  t r u s s  

eave  p r o j e c t i o n  and  r o o f  l a d d e r  i n  l i n e  w i t h  t h e  o u t s i d e  o f  t h e  

e x i s t i n g  w a l l  o f  t h e  house .  The s h e a t h i n g  f r o m  t h e  e a v e s  and o v e r h a n g  



was removed  a l o n g  w i t h  t h e  eave  b o a r d s  and b a r g e  b o a r d .  F i n a l l y ,  t h e  

saw c u t  i n  t h e  t r u s s e s  was c o m p l e t e d  w i t h  a  hand  saw. T h i s  i s  shown i n  

f i g u r e  5. F o l l o w i n g  t h i s ,  t h e  m a i n  p a r t  o f  t h e  r o o f  was w o r k e d  on. 

The r o o f  was d i v i d e d  i n t o  t w o  s e c t i o n s  a l o n g  t h e  peak ,  and  e a c h  s e c t i o n  

w o r k e d  on  s e p a r a t e l y .  T h i s  d i v i s i o n  was deemed n e c e s s a r y  so  as t o  

m i n i m i z e  r a i n  p e n e t r a t i o n  i n t o  t h e  h o u s e  d u r i n g  t i m e s  when t h e  r o o f  was 

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

p o l y e t h y l e n e  on  e a c h  h a l f  o f  t h e  r o o f .  

F o r  e a c h  h a l f  o f  t h e  r o o f ,  t h e  sequence  c h o s e n  was as  f o l l o w s :  

a. The e x i s t i n g  a s p h a l t  s h i n g l e s  w e r e  removed.  

b .  S t r i p s  o f  9 . 5  mm p l y w o o d  w e r e  n a i l e d  o v e r  t h e  c u t  ends  o f  t h e  

r o o f  t r u s s e s .  

c .  3 8  x  89 mm b l o c k s  w e r e  f i t t e d  b e t w e e n  t h e  l a d d e r  r u n g s  on t h e  

e n d s .  

d. The e x i s t i n g  r o o f  s h e a t h i n g  was c o v e r e d  w i t h  a  s i n g l e  s h e e t  o f  

u l t r a - v i o l e t  s t a b i l i z e d  0.15 mm t h i c k  p o l y e t h y l e n e  v a p o u r  

b a r r i e r .  

e.  S t r i p s  o f  9.5 mm t h i c k  p l y w o o d  w i t h  a  w i d t h  o f  1 5 0  mm w e r e  

n a i l e d  a t  1 8 3 0  mm c e n t e r s  o v e r  t o p  o f  t h e  p o l y e t h y l e n e  t o  

a l l o w  w o r k e r s  t o  s t a n d  on  t h e  r o o f  w i t h o u t  s l i p p i n g .  These  

s t r i p s  w e r e  p l a c e d  d i r e c t l y  o v e r  e v e r y  t h i r d  r o o f  t r u s s .  

f .  B l o c k s  w e r e  c u t  f r o m  3 8  x  184  mm p i e c e s  and  n a i l e d  i n  p o s i t i o n  

on  t o p  o f  t h e  p l y w o o d  s t r i p s  a t  t h e  peak  o f  t h e  r o o f ,  a t  t h e  

e d g e ,  and  h a l f  way i n  b e t w e e n  as shown i n  f i g u r e  6. 

g. P u r l i n s  o f  3 8  x  184  mm w e r e  p l a c e d  on edge r u n n i n g  p a r a l l e l  t o  

t h e  l o n g  a x i s  o f  t h e  h o u s e  a s  shown i n  f i g u r e  6. These  



p r o v i d e d  a  c a v i t y  f o r  i n s u l a t i o n  and  s u p p o r t  f o r  t h e  38  x 8 9  

mm r a f t e r s .  The 3 8  x 184 mm p u r l i n s  w e r e  n a i l e d  a g a i n s t  t h e  

b r a c k e t s .  The l o w e s t  p u r l i n  was f a s t e n e d  t o  t h e  wooden b l o c k  

w i t h  g a l v a n i z e d  i r o n  m e t a l  s t r a p s  as  w e l l  as  b y  n a i l s .  

F i n a l l y ,  9.5 mm p l y w o o d  s c r a p s  w e r e  n a i l e d  b e t w e e n  t h e  3 8  x 

184  mm p u r l i n s  and  t h e  s h e a t h i n g  a t  e a c h  t r u s s .  ( T h i s  was 

n e c e s s a r y  b e c a u s e  o f  t h e  9.5 mm p l y w o o d  s t r i p s  p l a c e d  o v e r  t h e  

p o l y e t h y l e n e  a t  an e a r l i e r  s t a g e ) ,  

h .  The l a d d e r s  o f  3 8  x 8 9  mm m a t e r i a l  f o r  t h e  o v e r h a n g s  a t  e a c h  

e n d  o f  t h e  r o o f  w e r e  t h e n  p l a c e d .  

i. The 3 8  x 8 9  mm r a f t e r s  w e r e  t h e n  p l a c e d  a t  400  mm ( 1 6  i n . )  on  

c e n t e r  on t o p  o f  t h e  p u r l i n s  as  shown i n  f i g u r e  7 .  The 

s p a c i n g  o f  t h e  r a f t e r s  was d i c t a t e d  b y  t h e  s p a n  b e t w e e n  t h e  

p u r l i n s .  A 3 8  x 1 4 0  mm e a v e  b o a r d  was t h e n  n a i l e d  t o  t h e  end  

o f  t h e  new r a f t e r s .  

j. The g l a s s  f i b e r  i n s u l a t i o n  b a t t s  w e r e  t h e n  p l a c e d .  A 216 mm 

( R S I  4 .8 )  t h i c k  b a t t  was f i r s t  t h r e a d e d  u n d e r  t h e  r a f t e r s  t o  

f i l l  t h e  s p a c e  p r o v i d e d  by  t h e  p u r l i n s .  These  b a t t s  w e r e  

p l a c e d  p e r p e n d i c u l a r  t o  t h e  r a f t e r s ,  a n d  a  90 mm t h i c k  b a t t  

was p l a c e d  i n  t h e  c a v i t y  p r o v i d e d  b y  t h e  r a f t e r s .  The f o r m e r  

b a t t s  w e r e  p l a c e d  a t  r i g h t  a n g l e s  t o  t h e  l a t t e r  so  as t o  

m i n i m i z e  c o n t i n u o u s  a i r  gaps  t h r o u g h  t h e  i n s u l a t i o n .  The 

b a t t s  w e r e  c u t  and  f i t t e d  t o  m i n i m i z e  a i r  gaps .  

k .  P l y w o o d  r o o f  s h e a t h i n g  ( 9 . 5  mm t h i c k )  was t h e n  n a i l e d  o n t o  t h e  

r a f t e r s .  



The f i r s t  h a l f  o f  t h e  r o o f  was t h e n  c o v e r e d  t e m p o r a r i l y  w i t h  

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

S t e p s  ( a )  t h r o u g h  ( k )  w e r e  r e p e a t e d  f o r  t h e  s e c o n d  h a l f  o f  t h e  

r o o f  w i t h  t w o  a d d i t i o n s :  one,  t h e  p o l y e t h y l e n e  on t h e  second  h a l f  was 

j o i n e d  t o  t h e  p o l y e t h y l e n e  f r o m  t h e  f i r s t  h a l f  w i t h  a c o u s t i c a l  s e a l a n t  

and  a  p l y w o o d  s t r i p ,  and  t w o ,  t h e  r a f t e r s  on  t h e  s e c o n d  h a l f  o f  t h e  

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

t h e  r i d g e  o f  t h e  r o o f .  

The r o o f  was t h e n  s h i n g l e d .  

2.  W a l l  R e t r o f i t  

Upon c o m p l e t i o n  o f  t h e  t w o  h a l v e s  o f  t h e  r o o f ,  t h e  w a l l s  w e r e  t h e n  

a d d r e s s e d .  The seouence  was as  f o l l o w s :  

a .  A c o n t i n u o u s  a i r - v a p o u r  b a r r i e r  c o n s i s t i n g  o f  0.15 mm 

p o l y e t h y l e n e  was a t t a c h e d  t o  t h e  w a l l s .  V e r t i c a l  s t r i p s  o f  

p l y w o o d  1 0 0  mm w i d e  w e r e  n a i l e d  a t  1240  mm i n t e r v a l s  o n  t o  

t h e  s t u d s  t o  p r e v e n t  w i n d  f o r c e s  f r o m  b i l l o w i n g  t h e  s h e e t s .  

T h i s  w a l l  p o l y e t h y l e n e  was s e a l e d  a t  t h e  t o p  p l a t e  w i t h  

a c o u s t i c a l  s e a l a n t  and  t h e  j o i n t  was s e c u r e d  w i t h  a  s t r i p  

o f  l u m b e r  n a i l e d  o v e r  t h e  j o i n t .  The p o l y e t h y l e n e  was a l s o  

c a r e f u l l y  s e a l e d  t o  t h e  edges  o f  a l l  e x t e r i o r  d o o r  and 

w indow t r i m  p i e c s  and  was s e a l e d  t o  t h e  c o n c r e t e  f o u n d a t i o n  

a p p r o x i m a t e l y  150  mm b e l o w  t h e  j o i s t  h e a d e r .  

b .  A t  t h e  l o w e r  p a r t  o f  t h e  e x t e r i o r  w a l l ,  a  p r e s s u r e  t r e a t e d ,  

i n s u l a t e d  s k i r t  was a t t a c h e d .  A t r e n c h  a b o u t  350  mm deeo and  

w i d e  was d u g  so  as  t o  a l l o w  an i n s u l a t e d  s k i r t  t o  be c a r r i e d  

a p p r o x i m a t e l y  3 0 0  mm b e l o w  g r a d e .  Two p i e c e s  o f  38  x  8 9  mm 



wood w e r e  n a i l e d  t o g e t h e r  t o  f o r m  an " L " .  T h i s  " L "  was 

a t t a c h e d  t o  t h e  c o n c r e t e  f o u n d a t i o n  w a l l s  i n  an  i n v e r t e d  

p o s i t i o n  u s i n g  c o n c r e t e  n a i l s  i n s e r t e d  w i t h  a  gun.  T h i r t e e n  

mm t h i c k  p r e s s u r e  t r e a t e d  p l y w o o d  was c u t  i n t o  s t r i p s  600  mm 

w i d e  and  a  3 8  x 8 9  mm p r e s s u r e  t r e a t e d  p i e c e  was n a i l e d  t o  t h e  

l o w e r  edge o f  t h e  p l y w o o d .  G l a s s  f i b e r  i n s u l a t i o n  b a t t s  w e r e  

f i t t e d  t o  e a c h  2400  mm l o n g  p a n e l  and f a s t e n e d  t o  t h e  

f o u n d a t i o n  a s  shown i n  f i g u r e  8. 

c .  3 0 0  mm w i d e  s t r i p s  o f  13 mm p l y w o o d  w e r e  n a i l e d  t o  38  x 8 9  mm 

p i e c e s .  The 3 8  x 8 9  mm p i e c e  was a l i g n e d  and t h e  p l y w o o d  was 

n a i l e d  t o  t h e  t o p  o f  t h e  " L "  m e n t i o n e d  a b o v e  and  shown i n  

f i g u r e  8 ,  s t e p  5. T h e s e  h o r i z o n t a l  p i e c e s  w e r e  b l o c k e d  

t e m p o r a r i l y  u n t i l  t h e  w a l l  s t r a p p i n g  was n a i l e d  t o  i t .  

d. The w a l l  s t r a p p i n g  was t h e n  a t t a c h e d .  As shown i n  f i g u r e  10,  

t h e  3 8  x 8 9 ' s  w e r e  s t o o d  on  t h e  3 8  x 8 9  mm p l a t e  and  w e r e  

n a i l e d  i n t o  t h e  s i d e s  o f  t h e  r a f t e r s  w i t h  90  mm n a i l s .  A 

c h a l k  l i n e  was s n a p p e d  t o  t h e  u n d e r s i d e  o f  t h e  r a f t e r s  t o  mark  

t h e  c o r r e c t  p o s i t i o n .  The s t r a p p i n g  was t h e n  p l u m b e d  and t o e -  

n a i l e d  i n t o  t h e  3 8  x 8 9  mm p l a t e .  S t r a p p i n g  was i n s t a l l e d  

a l o n g  t h e  w a l l s  u n t i l  t h e  w indow and  d o o r  o p e n i n g s  w e r e  

r e a c h e d .  To p r o v i d e  a d d i t i o n a l  s u p p o r t  f o r  t h e  new o u t e r  

w a l l ,  a  1 .0  mm t h i c k ,  22 mm w i d e  p e r f o r a t e d  m e t a l  s t r a p  

( common ly  u s e d  i n  p l u m b i n g  a p p l i c a t i o n s  t o  s u p p o r t  p i p i n g )  was 

t h e n  a t t a c h e d  a t  1 2 0 0  mm on c e n t e r  as  shown i n  f i g u r e  10 .  The 

s t r a p  was s c r e w e d  f i r s t  i n t o  t h e  3 8  x 8 9  mln b o t t o m  p l a t e  and  

t h e n  i n t o  t h e  w a l l  s t u d  on  t h e  i n n e r  w a l l .  The s t r a p  was t h e n  



t i g h t e n e d  by  a d d i n g  one o r  m o r e  s c r e w s  down f r o m  t h e  t o p  o f  

t h e  s t r a p .  O p e n i n g s  a r o u n d  t h e  w indows  a n d  d o o r s  w e r e  f r a m e d  

i n  w i t h  38  x  8 9  mm m a t e r i a l  w i t h  c l e a r a n c e  f o r  13 mm p l y w o o d  

and  an  a l l o w a n c e  f o r  a  s l o p e  a t  t h e  s i l l .  P r e s s u r e  t r e a t e d  

p l y w o o d  was u s e d  on t h e  s i l l s ,  and  u n t r e a t e d  p l y w o o d  on  t h e  

o t h e r  t h r e e  s u r f a c e s .  The w indows  and d o o r s  w e r e  l e f t  i n  

t h e i r  o r i g i n a l  p o s i t i o n  on t h e  i n n e r  w a l l .  A v i e w  o f  a  

t y p i c a l  w indow t r e a t m e n t  i s  shown i n  f i g u r e  9. P l y w o o d  o f  1 3  

mm t h i c k n e s s  was u s e d  t o  t i e  b e t w e e n  t h e  e x t e r i o r  w indow and  

d o o r  t r i m  and  t h e  o u t e r  w a l l  s t r a p p i n g .  The p l y w o o d  was u s e d  

t o  s a n d w i c h  t h e  v a p o u r  b a r r i e r  b e t w e e n  t h e  e x t e r i o r  t r i m  a n d  

t h e  p l y w o o d .  The p l y w o o d  was l a t e r  c o v e r e d  w i t h  p r e - f i n i s h e d  

g a l v a n i z e d  m e t a l  on t h e  s i l l  a n d  s t u c c o  on  t h e  r e m a i n i n g  

e x p o s e d  s u r f a c e s .  

e.  Upon c o m p l e t i o n  o f  t h e  w a l l  f r a m i n g ,  i n s u l a t i o n  b a t t s  w e r e  

p l a c e d  i n  t h e  n e w l y  f o r m e d  w a l l  c a v i t y ;  RSI 4.9 b a t t s  w e r e  

l a i d  h o r i z o n t a l l y  i n  t h e  w a l l  c a v i t y  and  RSI 2 . 1  b a t t s  w e r e  

p l a c e d  v e r t i c a l l y  b e t w e e n  t h e  w a l l  u p r i g h t s .  

f .  The w a l l  was t h e n  s h e a t h e d  w i t h  9.5  mm p l y w o o d  so as  t o  a l l o w  

t h e  s t u c c o  t o  be i n s t a l l e d .  

g. P r e - f i n i s h e d  a l u m i n u m  e a v e s t r o u g h ,  s o f f i t  and  f a s c i a  w e r e  

i n s t a l l e d .  

3 .  Basement  W a l l  R e t r o f i t  

The b a s e m e n t  w a l l  r e t r o f i t  o n  t h e  i n s i d e  o f  t h e  h o u s e  was f a i r l y  

c o n v e n t i o n a l .  A s e c t i o n  v i e w  o f  t h e  f i n i s h e d  w a l l  i s  shown i n  



f i g u r e  11. As i t  was i n t e n d e d  t o  i n s u l a t e  t h e  c o n c r e t e  f l o o r  w i t h  

p o l y s t y r e n e  i n s u l a t i o n ,  t h e  s t u d  wa l l  was r a i s e d  80 m m  o f f  t h e  e x i s t i n g  

basement  f l o o r .  A t o t a l  of 300 mm (RSI 7 . 0 )  o f  g l a s s  f i b e r  b a t t  

i n s u l a t i o n  was p l a c e d  i n  t h e  basement w a l l s .  A 0.15  m m  p o l y e t h y l e n e  

m o i s t u r e  b a r r i e r  was a p p l i e d  on t h e  c o n c r e t e  wa l l  u p  t o  t h e  ground 

l e v e l .  

The bottom p l a t e  was anchored  t o  t h e  f l o o r  by  d r i l l i n g  10 m m  h o l e s  

i n t o  t h e  f l o o r  1200 m m  on c e n t e r .  S p i k e s  200 mm l o n g  were  n a i l e d  

t h r o u g h  h o l e s  i n  t h e  bottom p l a t e  i n t o  t h e  h o l e s  p r e - d r i l l e d  i n  t h e  

f l o o r .  

A c a u l k e d  and s e a l e d  0 .15 m m  p o l y e t h y l e n e  vapour  b a r r i e r  was 

i n s t a l l e d  on t h e  warm s i d e  o f  t h e  i n s u l a t i o n .  O n  t o p  of t h e  s t u d  w a l l ,  

t h e  j o i s t  s p a c e s  were b locked  w i t h  50 mm t h i c k  p i e c e s  of p o l y s t y r e n e .  

The e d g e s  of t h e  p o l y s t y r e n e  were  c a u l k e d  u s i n g  a c o u s t i c a l  s e a l a n t .  

4 .  Window R e t r o f i t  

A commercial  c o n t r a c t o r  was h i r e d  t o  p l a c e  a  t h i r d  g l a z i n g  l a y e r  

on t h e  windows of t h e  house .  The t h i r d  g l a z i n g  was p l a c e d  on t h e  

o u t s i d e  o f  t h e  s e a l e d  windows and on t h e  i n s i d e  of t h e  o p e n a b l e  

windows, which were of t h e  awning t y p e .  

Pho tog raphs  of t h e  house  i n  t h e  p o s t  r e t r o f i t  s t a g e  a r e  p r e s e n t e d  

i n  f i g u r e s  12 and 13 .  

AIR L E A K A G E  MEASUREMENTS O N  THE HOUSE 

A number of a i r  t i g h t n e s s  measurements  were made on t h e  house a t  

v a r i o u s  s t a g e s  of t h e  r e t r o f i t .  The house  had an i n i t i a l  r e a d i n g  of 

2.95 AC/h a t  50 Pa. F o l l o w i n g  c o m p l e t i o n  of t h e  r e t r o f i t ,  t h e  house 



p r e s s u r e  t e s t  had been reduced  t o  0 .29  A C / h  a t  50 Pa. R e s u l t s  o f  t h e  

p r e s s u r e  t e s t s  a r e  p r e s e n t e d  i n  t a b l e  1. A f u r t h e r  t e s t  was done wi th  

masking t a p e  t e m p o r a r i l y  p l a c e d  on t h e  windows, and t h e  l e a k a g e  was 

f u r t h e r  r educed  t o  0.22 A C / h  a t  50 Pa. 

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

t i g h t n e s s  t o  t h e  w a l l s  of t h e  h o u s e ,  a s  t h e  e q u i v a l e n t  a i r  l e a k a g e  

i n c r e a s e d  by 0.0279 m2 o r  58% a s  compared t o  t h e  p r e - r e t r o f i t  c o n d i t i o n  

when t h e  s t u c c o  was removed. Fo l lowing  t h e  comple t i on  of t h e  r e t r o f i t ,  

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

s p a c e  was p r e s s u r i z e d  w i t h  a  c a l i b r a t e d  f low n o z z l e .  The c e i l i n g  

l e a k a g e  a r e a  a c c o u n t e d  f o r  a b o u t  .0252 m 2 ,  o r  52% of t h e  o r i g i n a l  t o t a l  

l e a k a g e  a r e a .  By s u b t r a c t i o n ,  t h e  l e a k a g e  i n  t h e  w a l l s ,  windows, and 

d o o r s  a c c o u n t e d  f o r  0 .0231 m2 o r  48%. 

In F e b r u a r y  of 1983 ,  an a i r  exchange t e s t  u s i n g  n i t r o u s  o x i d e  was 

per formed w i t h  t h e  house i n  a  s e a l e d  c o n d i t i o n .  A n  i n i t i a l  c h a r g e  of 

abou t  100 p a r t s  p e r  m i l l i o n  N20 was i n j e c t e d  i n t o  t h e  h o u s e ,  and 

measurements  of t h e  N20 l e v e l s  were  made o v e r  t h e  n e x t  24 h o u r s .  

During t h i s  p e r i o d ,  t h e  measured a i r  change r a t e  was 0.02 a i r  changes  

p e r  hour  a t  a  t ime  when t h e  o u t s i d e  t e m p e r a t u r e  was -12'C and t h e  

a v e r a g e  wind speed  was 12 k m / h .  

T h i s  amount of a i r  change would be i n s u f f i c i e n t  f o r  v e n t i l a t i o n  

needs .  C o n s e q u e n t l y ,  t h e  house has  been f i t t e d  w i th  a  c o n t r o l l e d  a i r  

management sys tem u s i n g  an a i r  t o  a i r  h e a t  e x c h a n g e r .  The a i r  t o  a i r  

h e a t  e x c h a n g e r  had a  maximum i n s t a l l e d  f low r a t e  of 75 L/s  ( 1 b U  c t m ) ,  

which i s  e q u i v a l e n t  t o  0 . 5  a i r  changes  p e r  hou r .  



ENERGY CONSUMPTION MEASUREMENTS ON THE HOUSE 

I n  t h e  p r e - r e t r o f i t  c o n d i t i o n ,  e n e r g y  c o n s u m p t i o n  r e c o r d s  o f  t h e  

s p a c e  h e a t i n g  w e r e  t a k e n  o v e r  t h e  p e r i o d  f r o m  J a n u a r y  t o  A p r i l ,  1982 .  

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

t h e  d e g r e e  d a y / d a y  v a l u e s  i s  p r e s e n t e d  i n  f i g u r e  1 4  f o r  t h i s  p e r i o d .  A 

l e a s t  s q u a r e s  c u r v e  f i t  y i e l d e d  a  s l o p e  o f  233 W / " C  and  a  Y - i n t e r c e p t  

o f  2 3 7 0  W .  The h e a t i n g  s y s t e m  was a  32.2 kW i n o u t  ( 1 1 0 , 0 0 0  B t u / h )  

n a t u r a l  gas a t m o s p h e r i c  v e n t  f o r c e d  a i r  f u r n a c e .  A s t e a d y - s t a t e  

f u r n a c e  e f f i c i e n c y  o f  78% was c a l c u l a t e d  u s i n g  measu remen ts  o f  t h e  

f u r n a c e  gas  C02 and  t h e  s t a c k  t e m p e r a t u r e .  

F o l l o w i n g  t h e  r e t r o f i t ,  t h e  n a t u r a l  gas  f u r n a c e  was d i s c o n n e c t e d  

a n d  e l e c t r i c  h e a t e r s  used .  The e x i s t i n g  f u r n a c e  f a n  and  d u c t w o r k  w e r e  

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

s p a c e  h e a t e r s .  A 2 0 0 0  W s p a c e  h e a t e r  was p l a c e d  d o w n s t a i r s  and  t w o -  

1500  W h e a t e r s  u p s t a i r s .  A p l o t  o f  t h e  e n e r g y  c o n s u m p t i o n  o f  t h e  h o u s e  

i n  t h e  p o s t  r e t r o f i t  c o n d i t i o n  i s  shown i n  f i g u r e  14. The s l o p e  o f  t h e  

e n e r g y  c o n s u m p t i o n  c u r v e  i s  83.2/WoC, and  t h e  Y - i n t e r c e p t  i s  869  W .  A t  

a  d e s i g n  t e m p e r a t u r e  o f  -34 "C ,  t h e  s t e a d y - s t a t e  p o w e r  c o n s u m p t i o n  o f  

t h e  h o u s e  was r e d u c e d  t o  5.45 kW, a s  c o m p a r e d  w i t h  t h e  v a l u e  o f  13 .1  kW 

f o r  t h e  p r e - r e t r o f i t  c o n d i t i o n  ( a s s u m i n g  an  e f f i c i e n c y  o f  70% f o r  t h e  

n a t u r a l  gas  f u r n a c e ) .  

C O M P A R I S O N  WITH PREDICTIONS OF A COMPUTER MODEL 

I n  o r d e r  t o  c h e c k  w h e t h e r  t h e  r e s u l t s  a c h i e v e d  w e r e  i n  l i n e  w i t h  

p r e d i c t i o n s ,  t h e  h o u s e  e n e r g y  c o n s u m p t i o n  was a n a l y z e d  u s i n g  t h e  

c o m p u t e r  p r o g r a m  HOTCAN(4).  The m o d e l  u s e s  a  m o n t h  b y  m o n t h  p r e d i c t i o n  



t e c h n i q u e  t o  e s t i m a t e  t h e  a n n u a l  space  h e a t i n g  r e q u i r e m e n t s .  P h y s i c a l  

c h a r a c t e r i s t i c s  o f  t h e  h o u s e  s u c h  as t h e  a r e a s  and  t h e r m a l  r e s i s t a n c e s  

o f  e a c h  o f  t h e  componen ts  a r e  used .  S o l a r  g a i n s  and  i n t e r n a l  h e a t  

g a i n s  a r e  i n c l u d e d  i n  t h e  m o d e l .  

I n  t h e  p o s t  r e t r o f i t  c a s e ,  t h e r e  a r o s e  t h e  i n t e r e s t i n g  c a s e  o f  t h e  

e f f e c t i v e  s u r f a c e  a r e a  o f  t h e  c e i l i n g  f o r  h e a t  l o s s  h a v i n g  been 

i n c r e a s e d  due t o  t h e  p l a c e m e n t  o f  a d d i t i o n a l  i n s u l a t i o n  on t h e  r o o f ,  

r a t h e r  t h a n  i n  t h e  a t t i c .  I t  c a n  b e  shown t h a t  t h e  new c e i l i n g  t h e r m a l  

r e s i s t a n c e  r e f e r e n c e d  t o  t h e  o r i g i n a l  c e i l i n g  a r e a  may b e  e x p r e s s e d  a s :  

w h e r e  

Rn = new v a l u e  o f  t h e r m a l  r e s i s t a n c e  r e f e r e n c e d  t o  t h e  c e i l i n g  

a r e a  ( ~ Z - K / W )  

R 1  = o r i g i n a l  r e s i s t a n c e  o f  c e i l i n g  ( ~ ? - K / W )  

A 1  = c e i l i n g  a r e a  (m2)  

A2 = a r e a  o f  i n s u l a t e d  r o o f  and g a b l e  ends  (m2)  

R2 = r e s i s t a n c e  o f  r o o f  and  g a b l e  e n d s  ( ~ Z - K / W )  

The new i n s u l a t i o n  added  i s  s l i g h t l y  l e s s  e f f e c t i v e  i n  t h a t  i t  

c o v e r s  a  l a r g e r  a r e a .  The f a c t o r  A l / A 2  was e q u a l  t o  0.85 f o r  t h i s  

p a r t i c u l a r  house .  A l t h o u g h  t h i s  i s  n o t  a  s e r i o u s  p e n a l t y ,  i t  c o u l d  be 

q u i t e  s i g n i f i c a n t  i n  a  s i t u a t i o n  w i t h  a  m o r e  s t e e p l y  p i t c h e d  r o o f .  

F i g u r e  1 5  p r e s e n t s  t h e  HOTCAN p r e d i c t i o n s  f o r  t h e  p r e -  and p o s t -  

r e t r o f i t  s t a t e s  o f  t h e  h o u s e .  F o r  t h e  p r e - r e t r o f i t  c o m p a r i s o n ,  a  

c o n s t a n t  f u r n a c e  e f f i c i e n c y  o f  70% was c h o s e n .  T h i s  e f f i c i e n c y  o f  70% 

i s  somewhat  h i g h e r  t h a n  t h e  v a l u e s  o f  55 t o  65% t h a t  a r e  o f t e n  q u o t e d  



as a  t o t a l  s y s t e m  e f f i c i e n c y  f o r  a t m o s p h e r i c  v e n t e d  n a t u r a l  gas 

f u r n a c e s .  I n  t h e  HOTCAN p r o g r a m ,  t h e  h o u s e  a i r  e x h a u s t e d  t h r o u g h  t h e  

c h i m n e y  i s  t r e a t e d  as  an e x p l i c i t  h e a t  l o s s  f o r  t h e  house .  

C o n s e q u e n t l y ,  a  f u r n a c e  e f f i c i e n c y  o f  70% was f e l t  t o  be  r e a s o n a b l e  i n  

t h i s  HOTCAN c a l c u l a t i o n .  I n  t h e  p o s t  r e t r o f i t  c a s e ,  e l e c t r i c  h e a t i n g  

o n l y  was u s e d ;  hence no a s s u m p t i o n  o f  f u r n a c e  e f f i c i e n c y  was r e q u i r e d .  

COST OF ENERGY MEASURES 

T h i s  p a r t i c u l a r  p r o j e c t  e n t a i l e d  some a d d i t i o n a l  c o s t s  i n  t h a t  a  

number o f  r e s e a r c h - r e l a t e d  i t e m s  were  i n c l u d e d  t h a t  w o u l d  n o t  

o r d i n a r i l y  be  done.  These  a d d i t i o n a l  c o s t s  w e r e  r e l a t e d  t o  a d d i t i o n a l  

a i r  t i g h t n e s s  t e s t s  p e r f o r m e d  as  t h e  work  p r o c e e d e d .  

I n  t h e  p r o j e c t ,  t h e r e  w e r e  c o s t s  r e l a t e d  t o  r e n o v a t i o n  as w e l l  a s  

t h o s e  t o  e n e r g y  c o n s e r v a t i o n .  The f o r m e r  i n c l u d e d  new r o o f  s h i n g l e s ,  

s t u c c o ,  f a s c i a ,  e a v e s t r o u g h ,  s o f f i t ,  and  r e n o v a t i o n s  t o  t h e  e n t r y .  

A l t h o u g h  t h e  o r i g i n a l  s t u c c o  was i n  good  c o n d i t i o n ,  on an o l d e r  

house  t h i s  i s  o f t e n  n o t  t h e  c a s e .  

I n  t h e  c o s t  b r e a k d o w n  p r e s e n t e d  i n  T a b l e  2, t h e  r e n o v a t i o n  c o s t s  

a r e  e x p r e s s e d  i n  a  s e p a r a t e  co lumn.  

The t o t a l  c o s t  f o r  t h e  j o b  amounted t o  $23,700;  t h e  c o s t  f o r  t h e  

e n e r g y  m e a s u r e s  a l o n e  was $17,200. 

The c o s t  f o r  t h e  m a j o r  componen ts  o f  t h e  r e t r o f i t  a r e  shown i n  

T a b l e  3. 



DISCUSSION 

The t e c h n i q u e  o f  w r a p p i n g  t h e  e x t e r i o r  o f  t h e  e n t i r e  b u i l d i n g  w i t h  

a  p o l y e t h y l e n e  a i r - v a p o u r  b a r r i e r  p r o v e d  t o  b e  a  v e r y  e f f e c t i v e  m e t h o d  

o f  r e d u c i n g  a i r  l e a k a g e  i n  t h e  b u i l d i n g .  As m e n t i o n e d  e a r l i e r ,  t h i s  

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

i n  S a s k a t c h e w a n  m e a s u r e d  t o  d a t e  b y  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l .  

A l t h o u g h  e x p e n s i v e ,  t h i s  t e c h n i q u e  o f  w r a p p i n g  t h e  e x t e r i o r  o f  t h e  r o o f  

i n s u l a t i o n  w o u l d  b e  an e f f e c t i v e  m e t h o d  o f  r e d u c i n g  a i r  l e a k a g e  and  

c o n d e n s a t i o n  i n  shed  and  c a t h e d r a l  r o o f  c o n s t r u c t i o n  w h e r e  i t  i s  n o t  

p o s s i b l e  t o  g a i n  a c c e s s  f r o m  an  a t t i c  s p a c e  t o  p e r f o r m  t h e  a i r  

t i g h t n e s s  m e a s u r e s .  

A l e s s  e x p e n s i v e  t e c h n i q u e  c o u l d  h a v e  been u s e d  t o  s e a l  and 

i n s u l a t e  t h e  c e i l i n g ;  n a m e l y ,  s e a l i n g  and  i n s u l a t i n g  f r o m  t h e  a t t i c  

space .  T h i s  w o u l d  have  been  c o n s i d e r a b l y  l e s s  e x p e n s i v e ,  a l t h o u g h  i t  

i s  l i k e l y  t h a t  i t  w o u l d  n o t  h a v e  been  as  e f f e c t i v e  i n  s e a l i n g  t h e  

s p a c e .  I n  a d d i t i o n ,  e q u i v a l e n t  i n s u l a t i o n  c o u l d  h a v e  been added  t o  t h e  

a t t i c  a t  a  l o w e r  c o s t  t h a n  t h e  e x t e r i o r  t e c h n i q u e  t h a t  was used .  Such 

a  j o b  o f  s e a l i n g  and i n s u l a t i n g  c o u l d  h a v e  been  done  f o r  a  c o s t  o f  

a b o u t  $1,200,  a s  o p p o s e d  t o  t h e  c o s t  o f  $3 ,900 t h a t  t h i s  j o b  e n t a i l e d .  

However ,  i n s u l a t i n g  f r o m  t h e  i n s i d e  w o u l d  n o t  h a v e  r e s u l t e d  i n  as t i g h t  

a  h o u s e .  

The b a s e m e n t  w a l l  r e t r o f l t  p r o v e d  t o  be e x p e n s i v e ,  w i t h  a  v e r y  

h i g h  r a t i o  o f  l a b o u r  t o  m a t e r i a l  c o s t s .  T h i s  p a r t i c u l a r  h o u s e  a l r e a d y  

had  f i n i s h e d  i n t e r i o r  b a s e m e n t  w a l l s ,  and  t h e  t e c h n i q u e  u s e d  i n  t h i s  

p r o j e c t  i n v o l v e d  a  c o n s i d e r a b l e  amount  o f  m o v i n g  o f  p i p e s  and  

d u c t w o r k .  



T h i s  r e p o r t  s h o u l d  n o t  be t a k e n  t o  mean t h a t  t h e  I n s t i t u t e  f o r  

R e s e a r c h  i n  C o n s t r u c t i o n  recommends t h e s e  m e a s u r e s  a s  a  p r o c e d u r e  t o  b e  

a p p l i e d  i n  a l l  c a s e s .  W i t h o u t  q u e s t i o n ,  t h e r e  a r e  many i n s t a n c e s  i n  

w h i c h  e c o n o m i c s ,  b a s e d  on  a  c o s t - b e n e f i t  a n a l y s i s ,  w o u l d  n o t  s u p p o r t  

t h e  a p p l i c a t i o n  o f  m e a s u r e s  d e s c r i b e d  h e r e .  Where r e t r o f i t t i n g  i s  

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

c i r c u m s t a n c e s .  A v a r i e t y  o f  f a c t o r s  a f f e c t  t h e  f e a s i b i l i t y o f  a p p l y i n g  

t h e  t e c h n i q u e s  d e s c r i b e d  h e r e .  Among t h e s e  a r e :  

1. The c o n d i t i o n  o f  t h e  s i d i n g  and s h i n g l e s .  If t h e s e  a r e  t o  b e  

r e m o v e d - - b e c a u s e  t h e y  h a v e  f a i l e d ,  f o r  a e s t h e t i c  o r  o t h e r  

r e a s o n s - - t h a t  c o s t  m i g h t  b e  r e a s o n a b l y  e x c l u d e d  f r o m  t h e  c o s t  

a s s i g n e d  t o  t h e  e n e r g y  r e t r o f i t .  

2. I f  t h e  h e a t i n g  s y s t e m  i s  t o  b e  r e p l a c e d ,  o r  i f  t h e  h o u s e  i s  t o  

be i n c r e a s e d  i n  s i z e  so  t h a t  t h e  e x i s t i n g  s y s t e m  i s  n o  l o n g e r  

a d e q u a t e ,  a l l o w a n c e  s h o u l d  b e  made f o r  t h e  f a c t  t h a t  t h e  

r e t r o f i t  may h a v e  a  f a v o r a b l e  e f f e c t  on t h o s e  c o s t s  a s s o c i a t e d  

w i t h  t h e  h e a t i n g  s y s t e m .  

3.  The c o s t s  o f  f u e l  o r  e l e c t r i c i t y  f o r  h e a t i n g  a r e ,  n a t u r a l l y ,  a  

v e r y  i m p o r t a n t  c o n s i d e r a t i o n .  

4. F o r  some p e o p l e ,  t h e  s e c u r i t y  o f  l i v i n g  i n  a  h o u s e  t h a t  

r e q u i r e s  l i t t l e  s p a c e  h e a t  may b e  i m p o r t a n t ,  p a r t i c u l a r l y  i f  

t h e  u t i l i t y  s u p p l y  i s  u n r e l i a b l e .  

5. F o r  t h o s e  p e o p l e  who w i s h  t o  p r o v i d e  t h e i r  own l a b o u r  f o r  p a r t  

o r  a l l  o f  t h e  r e t r o f i t ,  t h e  t o t a l  d o l l a r  c o s t  w o u l d  b e  

r e d u c e d .  
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L a b o u r  M a t e r i a l s  

R e n o v a t i o n  
M a t .  + L a b o u r  TOTAL 

R o o f  1731 2213 1814 5758 

E x t e r i o r  
W a l l s  3187 3641 

F r o n t  E n t r y  1240 1240 

B a s e m e n t  
W a l l  s  3438 1012 

W i n d o w s  5 5 802 

A i r - t o - a i r  
H e a t  3 63 7 54 
E x c h a n g e r  

8774 8422 



Roof 

E x t e r i o r  Wall s 

Basement Wall s 

Windows 

T a b l e  3 .  Cos t  Summary 

Cos t  Area 
m2 

Cos t  p e r  
U n i t  a r e a  

$ /in2 



Figure 1, View of house from northwest--pre-retrofit 

Figure 2. View of house from northeast--pre-retrof it 













STEP I ATTACH 38 X 8 9  
"L" TO WALL USING 
CONCRETE FASTENER 

13mm PWF 

Omm GLASS 

CRAP POLY TO HOLD 
ATT IN PLACE 

STEP 2 PREFAB STEP 3 ATTACH INSULATION 
INSULATION PANELS PANELS TO "L'" 

STEP 4 PREFAB PLYWOOD STEP 5 NAIL BOTTOM PLATE 
AND BOTTOM PLATE PLYWOOD ASSEMBLY TO 

INSULATION PANEL 

F i g u r e  8 .  P r e s s u r e  t r e a t e d  s k i r t  assembly a t  g r o u n d  level  



9.5 rnrn PLYWOOD 

ATTACHED TO 
WINDOW T R I M  

PAINTED 11 
M E T A L  

COVER 

12 mm PLYWOOD 
1.0 rnrn THICK 
PERFORATED 

M E T A L  S T R A P  
AT 1 2 0 0 m m  O.C. 

Figu r r !  9 . Winclow t r ' e a t~~ ienk  fur exterior wall 



Figure 10. Attachment of second wall members to the house 





F i g u r e  12. View o f  h o u s e  from n o r t h w e s t - - p o s t - r e t r o f i t  

F i g u r e  13. View o f  h o u s e  from nor theas t - -pos t - re t ro f l t  
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