
WELCOME !

DAMAGE  FROM  DUCT ING  
OUTSIDE  THE  BUILDING  

ENVELOPE  IN  RESIDENTIAL  
CONSTRUCT ION

Sp e a k e r s :  

J o h n  Ka n e  

G r e g  L a b b é



ABOUT  US

John Kane is a trainer at Southface 
Energy Institute. He teaches home 
performance principles and practice to 
weatherization staff and private 
contractors. He has worked as a technical 
advisor in the EarthCraft House high 
performance building program , a 
remodeling contractor, and a commercial 
general contractor. 



ABOUT  US

Greg  Labbé  i s  a  pa r t ne r  o f

B l ueG reenGroup ,  a  t e chn i c a l  
s e r v i c e s  c on su l t i n g  g r oup  t ha t  
o f f e r s  bu i l d i ng  she l l  upg rad i ng ,  
d i agnos t i c s ,  t e s t i ng  and  ra t i ng .

P r i o r  t o  t h i s  G r eg  wo rked  ove r  
a  do zen  yea r s  w i t h  t he  
vene rab l e  non -p r o f i t  
G r eenSave r  manag i ng  and  
t ra i n i ng  a  s l ew  o f  ene rgy  
aud i t o r s ,  i n su l a t o r s ,  a i r  
s ea l e r s  and  was  D i r e c t o r  o f  
Consu l t i n g  Se r v i c e s .



ABOUT  YOU?

Ra t e r s ?  

H ome  I n s p e c t o r s ?  

I n s u l a t o r s ?

Wea t h e r i z a t i o n  P r o f e s s i o n a l s ?

Tr a i n e r s ?

New  t o  t h e  i n d u s t r y ?  

• >1  y e a r

• >5  y e a r s

• >10  y e a r s



AGENDA  

I n t r o d u c t i o n

Bu i l d i n g  s c i e n c e

Why  d u c tw o r k  s h o u l d  b e  i n s i d e

Me s s y  m i x e d - c l im a t e  d u c t  s y s t ems

Th r e e  C a n a d i a n  c a s e  s t u d i e s

B e s t  p r a c t i c e s



OUR  GOALS  TODAY:

E x p l a i n  s ome  b a s i c  b u i l d i n g  
s c i e n c e  c o n c e p t s  f o r  t h e  h ome  
p e r f o rman c e  i n d u s t r y

P r o v i d e  f i e l d  o b s e r va t i o n s  
( e v e r y d a y  h o r r o r  s t o r i e s )

D i s c u s s  b e s t  p r a c t i c e s .

D emon s t r a t e  t h a t  p u t t i n g  
d u c tw o r k  i n  u n c o n d i t i o n e d  s p a c e s  
i s  a t  b e s t  r i s k y a n d  i n e f f i c i e n t ,  
a n d  a t  w o r s t  c a t a s t r o p h i c .



I N TRODUCT ION

Keep i n g  o u r  h ome s  c om f o r t a b l e  
mea n s  c o n d i t i o n i n g  t h em .  

Fo r  o p t imum  c om f o r t ,  w e  mu s t  
c o n s i d e r  s e v e r a l  f a c t o r s :

• A i r  t empe r a t u r e

• Rad i a n t  t empe r a t u r e

• A i r  mov emen t

• Hum i d i t y  ( i d e a l l y  a r o u n d  3 0 - 5 0%  
RH )

C o nd i t i o n i n g  t h a t  s p a c e  c o s t s  
mon e y ;  s i g n i f i c a n t l y  mo r e  mon e y  
d e p e n d i n g  o n  t h e  e f f e c t i v e n e s s  o f  
t h e  b u i l d i n g  s h e l l  a n d  me c h a n i c a l  
s y s t ems  



ASSUMPT IONS  WE ’ L L  MAKE . . .

A t t i c s ,  g a r a g e s  a n d  v e n t i l a t e d  
c r aw l  s p a c e s  a r e  u n c o n d i t i o n e d
a n d  a r e  c o l d  i n  w i n t e r  a n d  h o t  i n  
s umme r.

Du c tw o r k  i s  u s u a l l y  l e a k y  a n d  
p o o r l y  i n s u l a t e d .

Du c tw o r k  i s  r a r e l y  i n s p e c t e d  f o r  
a i r  t i g h t n e s s  o r  i n s u l a t i o n  q u a l i t y.



WHAT ' S  THE  P ENA LT Y  FOR  
PUTT ING  THE  DUCT  S YSTEM  
OUTS IDE ?

I f  d u c t s  a r e  i n  g o o d  c o n d i t i o n ,  
s t u d i e s  s h ow  t h a t  a r o u n d  2 0%  o f  
t h e  o u t p u t  o f  a n  a i r  c o n d i t i o n e r  i s  
l o s t wh en  t h e  d i s t r i b u t i o n  s y s t em  
r u n s  t h r o u g h  a n  u n c o n d i t i o n e d  
s p a c e .  

L e t ’ s  a s s ume  i t ’ s  a b o u t  t h e  s ame  
o r  mo r e  f o r  h e a t i n g  s e a s o n .

J ump ,  Wa l k e r  &  Mo d e r a 1 9 9 6 ;  
H e d r i c k  2 0 0 3



RESULT

Anyo n e  who ’ s  i n s p e c t e d  a t t i c  d u c t  
w o r k  k n ow s  t h e y  a r e  r a r e l y  w e l l  
i n s u l a t e d ,  r a r e l y  h a v e  a l l  s e ams  
s e a l e d ,  o f t e n  h a v e   e x p o s e d  me t a l  
w a l l s  a n d  c a n  s ome t ime s  b e  o p e n  
a t  s e ams ,  d i s c o n n e c t e d  e n t i r e l y  
o r  c r u s h e d .

T h e r e f o r e  a  2 0%  e f f i c i e n c y  
p e n a l t y  i s  a  c o n s e r va t i v e  
e s t ima t e ,  e s p e c i a l l y  i f  t h e  e n t i r e  
s y s t em  ( d u c t s  a n d  a i r  h a n d l e r  a r e  
o u t s i d e  t h e  t h e rma l  b o u n d a r y ) .



WHAT  DOES  TH I S  R EA L LY  MEAN?

A  1 5  S E ER  A / C  w i t h  d u c t s  r u n n i n g  
t h r o u g h  t h e  a t t i c  w i l l  o p e r a t e  l i k e  
a  1 2  S E ER  u n i t !

( N e a l  1 9 9 8 ) .



ADD ING  I NSULT  TO  I N JURY

Ba r r i n g  t h e  e n e r g y  l o s s e s ,  t h e r e  
a r e  d e va s t a t i n g  e f f e c t s  l e a k y  
d u c tw o r k  c a n  h a v e  o n  t h e  h e a l t h  
o f  i t s  o c c u p a n t s  a n d  t h e  s t r u c t u r e  
o f  t h e  h o u s e .

T h e y  c o n t r i b u t e  t o  I n d o o r  A i r  
Q u a l i t y :

• Mo l d

• Fo u l  sme l l s

• Du s t

• Hum i d i t y  l o s s  o r  g a i n

I n  n o r t h e r n  c l ime s ,  t h e y  o f t e n  
p r o d u c e  i c e  d amm i n g .



WHY  DOES  TH I S  S T I L L  HA P PEN?

Conven i en ce  and  c o s t :

• I n  n ew  c o n s t r u c t i o n ,  b u i l d e r s  wa n t  t o  ma x im i z e  t h e  
f i n i s h e d  s q u a r e  f o o t a g e

• I n  r e t r o f i t  w o r k ,  s p a c e  f o r  me c h a n i c a l  s y s t ems  may  b e  
l im i t e d

• Sho r t  t e rm ,  u p f r o n t  s a v i n g s  b e n e f i t  t h e  b u i l d e r ;  
i n c r e a s e d  l i f e c y c l e  c o s t s  imp a c t  t h e  owne r  f o r  t h e  l i f e  
o f  t h e  b u i l d i n g

I ne r t i a : t h i s  i s  t h e  way  w e ’ v e  a l w a y s  d o n e  i t

La ck  o f  edu ca t i on :  we  d o n ’ t  k n ow  a n y  b e t t e r

La ck  o f  s t r ong  ene rgy  c odes ,  c ode  en f o r c emen t ,  a nd  
i n cen t i v e s



WHAT ' S  WRONG  W I TH  TH I S  P I C TURE ?



ANSWERS

Du c t  s e ams  n o t  s e a l e d  ( b o t h  o n  
s u p p l y  s i d e  a n d  r e t u r n  s i d e ) .

Du c t  t r u n k s  a r e  n o t  i n s u l a t e d .

Who l e  A / C  - a i r  h a n d l e r  a n d  
d i s t r i b u t i o n  - s y s t em  i s  i n  t h e  
h o t t e s t  p l a c e  o f  t h e  h o u s e !



BU I LD ING  SC I ENCE  BACKGROUNDER

Wha t  ma ke s  a i r  mov e ?

How  i s  h e a t  l o s t / g a i n e d ?

Wha t ’ s  a  t h e rma l  b o u n d a r y ?



BU I LD ING  SC I ENCE  BA

WHAT  MAKES  A I R MOVE?

R

A ho l e  o r  f r e e  pas sage

A p r e s su re  o r  t empe r a t u r e  d i f f e r ence

“ D o  d u c t s  e v e r  p r o v i d e  a  h o l e  a n d  a  p r e s s u r e  

d i f f e r e n c e ? ”



BU I LD ING  SC I ENCE  BA

I T ’ S  ONLY  A IR !  RELAX ! !

R

Un c o n t r o l l e d  a i r  mov emen t  i s  a l w a y s  r i s k y.

A i r i s  t h e  v e h i c l e  t h a t  c a r r i e s mo i s t u r e a n d  e n e r g y  
l o s s .  

I f  a i r  mov e s ,  mo i s t u r e  move s .

1 s t Pr i o r i t y :  Con t r o l  a i r  l e akage



HOW  DOES  HEAT  MOVE ?



HOW  I S  H EAT  LOST  OR  GA INED?



CONDUCT ION



CONVECT ION



RAD IAT ION



X

WHAT  AFFECTS  THE  
RATE OF  HEAT  LOSS?

BU I LD ING  SC I ENCE  
BACKGROUNDER

X

Th e  r a t e  o f  h e a t  t r a n s f e r  t h r o u g h  
a  wa l l  o r  d u c t  i s  a  f u n c t i o n  o f :

1 .  T h e  R  va l u e  o f  t h e  wa l l  o r  d u c t

2 .  T h e  d i f f e r e n c e  i n  t empe r a t u r e



RATE  O F  H EAT  LOSS

Th e  g r e a t e r  t h e  t empe r a t u r e  d i f f e r e n c e ,  t h e  f a s t e r  t h e  
h e a t  t r a n s f e r.

L o g i c  d i c t a t e s  t h e  g r e a t e r  t h e  t empe r a t u r e  d i f f e r e n c e ,  
t h e  mo r e  i n s u l a t i o n  s h o u l d  b e  a d d e d . . .

… s o  l e t  me  p o s e  a  q u e s t i o n .  I n  mo s t  o f  t h e  USA  a t t i c  
i n s u l a t i o n  i s  r e q u i r e d  t o  b e  b e tw e en  R- 3 0  a n d  R- 4 8 ,  s o  
wh a t  i s  t h e  r e q u i r emen t  f o r  d u c t  i n s u l a t i o n  i n  a t t i c s ?

A : T h e  2 0 0 9  I E CC  r e q u i r e s  e v e n  l ow e r  R-va l u e s  o n  
d u c tw o r k :  R- 8  o n  s u p p l i e s  i n  a t t i c s ,  R- 6  o n  a l l  d u c t s  
e l s ewhe r e  o u t s i d e  t h e  t h e rma l  e n v e l o p e

2 nd Pr i o r i t y :  Mo re  I n su l a t i on



ABOUT  BU I LD INGS  AND  THE I R  THERMAL  BOUNDARY

A  h ome ’ s  t h e rma l  b o u n d a r y  i s  d e f i n e d  a s  t h e  
i n s u l a t i o n  &  a i r  b a r r i e r  l a y e r  t h a t  s e p a r a t e s  t h e  
i n s i d e  c o n d i t i o n e d  a i r  f r om  t h e  g r e a t  o u t d o o r s .

A  h ome ’ s  t h e rma l  b o u n d a r y  i s  u n d e r  c o n s t a n t  a n d  
va r i a b l e  p r e s s u r e  d u e  t o  w i n d ,  t empe r a t u r e  a n d  
me c h a n i c a l  e f f e c t s .

L e t ’ s  t a k e  a  l o o k  a t  t h o s e  f o r c e s…



T H E  F O R C E S  O N  T H E  T H E R M A L  B O U N D A R Y



T H E  M E C H A N I C A L  F O R C E S  O N  T H E  T H E R M A L  B O U N D A R Y



More exposed supply 

side leakage means 

hot humid attic, 

depressed living space 

constantly washed 

with fresh outside dry 

air.

www.buildingscience.

com BSD-102: 

Understanding Attic 

Ventilation



EXERC I S E

I n  t h e  f o l l ow i n g  3  s l i d e s  

1 - d r aw  t h e  t h e rma l  b o u n d a r y  a n d

2 - i d e n t i f y  p o t e n t i a l  w e a k n e s s e s .



T H E R M A L  B O U N D A R Y  A I R  L E A K S



Fo l l ow  t h e  r e d / o r a n g e  l i n e .

N o t e  t h e  r e d  a r r ow s  wh e r e  s t a c k  
e f f e c t  i s  f o r c i n g  o u t  c o n d i t i o n e d  a i r



THE  BU I LD ING  ENVE LOPE



Tr y  t o  Tr y

L e t ’ s  d i s c u s s  t h e  p o t e n t i a l  e n e r g y,  
c om f o r t ,  a n d  i n d o o r  a i r  q u a l i t y  
( I AQ )  i s s u e s  p r e s e n t e d  b y  t h e  
f o l l ow i n g  c a s e s :

EXAMP L ES  O F  DUCTWORK  
OUTS IDE  THE  BU I LD ING  

ENVE LOPE



Tr y  t o  Tr y

EXAMP L ES  O F  DUCTWORK  
OUTS IDE  THE  BU I LD ING  

ENVE LOPE



Tr y  t o  Tr y

EXAMP L ES  O F  DUCTWORK  
OUTS IDE  THE  BU I LD ING  

ENVE LOPE



Tr y  t o  Tr y
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OUTS IDE  THE  BU I LD ING  

ENVE LOPE



Tr y  t o  Tr y

EXAMP L ES  O F  DUCTWORK  
OUTS IDE  THE  BU I LD ING  

ENVE LOPE



Tr y  t o  Tr y

EXAMP L ES  O F  DUCTWORK  
OUTS IDE  THE  BU I LD ING  

ENVE LOPE



Tr y  t o  Tr y

EXAMP L ES  O F  DUCTWORK  
OUTS IDE  THE  BU I LD ING  

ENVE LOPE



Tr y  t o  Tr y

EXAMP L ES  O F  DUCTWORK  
OUTS IDE  THE  BU I LD ING  

ENVE LOPE



Tr y  t o  Tr y

EXAMP L ES  O F  DUCTWORK  
OUTS IDE  THE  BU I LD ING  

ENVE LOPE



BU I LD ING  SC I ENCE  
BACKGROUNDER

Home s  i n  a  S o u t h e r n  c l ima t e  
s u f f e r  f r om  b a d  d e s i g n  j u s t  l i k e  
t h e  N o r t h .

B u t  w h a t  e v e r  t h e  S o u t h  s u f f e r s ,  
t h e  N o r t h  s u f f e r s  MORE !

PUT  YOUR  COAT  &  TUQUE  ON ;  
WE ’ R E  H EAD ING  NORTH  EH !



BU I LD ING  SC I ENCE  
BACKGROUNDER

I f  a  h ome ’ s  t h e rma l  b o u n d a r y  

i s  s e v e r e l y  b r e a c h e d  o r  h a s  a  
d i s t r i b u t i o n  s y s t em  t h a t ’ s  

a c t i v e l y  p ump i n g  a i r  ( t h e r e f o r e  
wa rm t h  a n d  mo i s t u r e )  i n t o  a n  
a t t i c ,  w h a t ’ s  t h e  w o r s t  t h a t  c a n  
h a p p e n  i n  a  n o r t h e r l y  c l ima t e ?

OTHER  CONSEQUENCES  I N  THE  
NORTH ?





SOMETIMES  I CE  DAMMING

Wha t ’ s  s o  b a d  a b o u t  i c e ?  I t ’ s  
s e r i o u s  wh en  i n s u r a n c e  c ompan i e s  
g e t  c a l l e d  i n .



Compliments: Don Noble



SOMETIMES  MOULD  IN  THE  ATT IC

F r om  i n s i d e  t h e  a t t i c ,  a  l o o k  
t owa r d s  t h e  e a v e s . T h i s  s h e a t h i n g  
w i l l  n e e d  t o  b e  r e p l a c e d .



THREE  CASE  S TUD I ES  F ROM  A  
NORTHERN  C L IMATE

L e t ’ s  e x am i n e  t h e  c o n s e q u e n c e s  o f  
3  c a s e s  wh e r e  HVAC  e q u i pmen t  wa s  
i n s t a l l e d  i n  u n c o n d i t i o n e d  s p a c e s .

1 s t Mr.  Fo am ’s  mo i s t u r e  i s s u e s .

2 nd Mr s .  F i s h ’ s  c r aw l  s p a c e  p o n d .

3 r d Mr.  M o u s e ’ s  b o n e - c h i l l i n g  c r aw l .



C A S E  1 :

M R .  F O A M ’ S  M O I S T U R E  I S S U E S



BU I LD ING  SC I ENCE  BA

MR .  FOAM ’ S  CONCERNS :

M r.  Fo am ’s  c o n t r a c t o r  r e n o va t e d  
t h e  8 0  y e a r  o l d  l u x u r y  h ome  w i t h  
l o t s  o f  me c h a n i c a l  e q u i pmen t ;  
s ome  i n  t h e  b a s emen t ,  s ome  i n  a  
“ D o g  H o u s e ”.  

N o  e x p e n s e  wa s  s p a r e d ;  q u a l i t y  
g e a r  a n d  q u a l i t y  p r o d u c t s  w e r e  
s e l e c t e d .

T h e  c omp l a i n t :  i t  w a s  t o o  d r y  i n  
t h e  h o u s e .  A s  a  man  o f  c h a r a c t e r  
M r.  Fo am  p r e f e r s  s o l i d  w o o d  t o  
p a r t i c l e  b o a r d s  &  p l ywo o d s a n d  
t h e  e x q u i s i t e  f i n i s h e s  w e r e  
c r a c k i n g  a t  2 5%RH .



BU I LD ING  SC I ENCE  BACKGROUNDE

WHAT ’ S  A  ‘ DOG  HOUSE ’ ?

I t ’ s  t h e  e a s y  a n swe r  t o  “Whe r e  d o  
I  p u t  a l l  t h i s  me c h a n i c a l  g e a r ? ”

T h e  d o g ,  l i k e  t h e  d o g h o u s e  i s  
a l w a y s  g i v e n  s h o r t  s h r i f t …  

Do g  h o u s e s  a r e  q u i c k l y  b u i l t ,  
l e a k y,  p o o r l y  i n s u l a t e d  a n d  
n o b o d y  e v e r  i n s p e c t s  i t .  

H ow  a b o u t  a  t o u r ?





W H AT  W A S  I N  T H E  D O G  H O U S E ?

An  ERV  a n d  6  i n l i n e  e x h a u s t  f a n s .



W H AT  W A S  I N  T H E  D O G  H O U S E ?

An  A / C  a i r  h a n d l e r  a n d  a  p a i r  o f  
H o n e ywe l l  s t e am  h um i d i f i e r s  
( n o t e  l e a k  o n  r i g h t  u n i t ) .



G E T T I N G  I N  A N D  O U T  O F  T H E  D O G  H O U S E

T h e  ma i n  d o o r  o u t  o f  t h e  d o g  
h o u s e  i n t o  t h e  a t t i c ,  a n d  t h e  

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



CKGROUNDER

WHAT  D ID  WE  S EE ?  - A  S EA  o f  
FOAM !

We  s aw  l o t s  o f  f o am ;  b l u e ( 2  
l b s / c l o s e d  c e l l ) ,  b e i g e (½  
l b s / o p e n  c e l l )  c o v e r i n g  t h e  e n t i r e  
a t t i c  f l o o r  a n d  s ome  k i t  f o am  t o  
b o o t .

S ome  v e r t i c a l  f o amed  “ s o l a r  
t u b e s .”

U n - i n s u l a t e d ,  l e a k y  d o g  h o u s e  
d o o r.  

1 0 0 ’ s  o f  me t e r s  o f  me t a l  d u c t s  
s p r a y  f o amed  b o t h  a g a i n s t  t h e  
a t t i c  f l o o r  o r  s u s p e n d e d  f r om  t h e  
r a f t e r s .



BU I LD ING  SC I ENCE  
BACKGROUNDER

Ag a i n ,  “Whe r e ’ s  t h e  mo i s t u r e ? ”

M r.  Fo am  wa s  p a y i n g  t o  k e e p  t h e  
l i v i n g  s p a c e  i n  t h e  h o u s e  wa rm  
a n d  h um i d  ( a im i n g  f o r  5 5%RH ) .   

S o u n d s  r e a s o n a b l e .  



CKGROUNDER

THE  K E Y  I S  I N  THE  ATT I C

“ T h e  g o o d  s t u f f  i s  a l w a y s  i n  t h e  
a t t i c ;  n e v e r  g i v e  u p  t h e  c h a n c e  t o  
h a v e  a  l o o k  i n  t h e r e ! ”

Men t o r  D a v e  B a e r g



FOUND  THE  MO IS TURE !

I t ’ s  c o n d e n s e d  i n  t h e  a t t i c ’ s  w o o d  
s t r u c t u r e !

Ye s  t h a t ’ s  a n  MC  o f  2 2  o n  a  c o l d  
d r y  w i n t e r ’ s  d a y.



C O N D E N S AT I O N  E V E R Y W H E R E !

… f o rm i n g  m i n i  p o o l s  o f  
c o n d e n s a t i o n  o n  t o p  o f  

p o o r l y  i n s u l a t e d  E RV  

i n l e t  d u c t .  

S o  mu c h  s o  t h a t  i t  w a s

d r i p p i n g  d own . . .



U N D E R  T H E  D U C T S  T O O !



CONDENSATION ON THE ATTIC WINDOW!



BU I LD ING  SC I ENCE  
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X

SO  WHAT  HAPPENED?

How  d i d  t h e  o u t p u t  o f  t w o  
H o n e ywe l l  s t e am  g e n e r a t o r s  e n d  
u p  i n  M r.  Fo am ’s  a t t i c  a n d  n o t  h i s  
l i v i n g  s p a c e ?



BU I LD ING  SC I ENCE  BACKGROUN

“WHY ’D  THE  MOISTURE  MOVE?”

W i t h  t h e  a i r  h a n d l e r  r u n n i n g  
n e a r l y  a l l  t h e  t ime  ( i t  w a s  
c o n t r o l l e d  b y  t h e  h um i d i s t a t )  t h e  
p r e s s u r e  i n s i d e  t h e  d o g  h o u s e  wa s  
n e a r l y  8  Pa  o f  p r e s s u r e !

T h e  a t t i c  h a d  h u n d r e d s  o f  f e e t  o f  
f o amed  d u c t  r u n s  f r om  
1 6 ” x 1 6 ” t r u c k s  t o  4 ”  d i ame t e r.  

T h a t ’ s  a  l o t  o f  j o i n t s  t o  s e a l .



BU I LD ING  SC I ENCE  ACKGROUNDER

THE  PRESSURE  D ID  I T !

I f  t h e  d i f f e r e n c e  b e tw e en  t h e  
o u t s i d e  a i r  a n d  t h e  d o g  h o u s e  wa s  
8  Pa ,  t h e  p r e s s u r e  b e tw e en  t h e  
d u c t ’ s  i n s i d e  a n d  t h e  a tmo s p h e r e  
wa s  e v e n  g r e a t e r.

E v e r y  t ime  t h e  a i r  h a n d l e r  w e n t  
o n  - wh i c h  wa s  a l wa y s  b e c a u s e  
t h e y  w e r e  c a l l i n g  f o r  mo r e  
h um i d i t y  - a  l a r g e  f r a c t i o n  o f  
mo i s t  w a rm  a i r  w a s  p u s h e d  i n t o  
t h e  c o l d  a t t i c .



Remember this slide?

www.buildingscience.

com BSD-102: 

Understanding Attic 

Ventilation
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“…Sp r a y  f o am  s h o u l d  f i x  i t ! …”

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

E x p e n s i v e  S p r a y  f o am  w i l l  f a i l  a s  
s p e c t a c u l a r l y  a s  a n y  o t h e r  
c h e a p e r  ma t e r i a l  i f  n o t  i n s t a l l e d  
p r o p e r l y.

H i r e  a n  e x p e r i e n c e d  s p r a y e r,  
i n s p e c t  a n d  t e s t t h e  w o r k !



W H E R E  D I D  T H E  F O A M  F A I L ?  

M i s s e d  s p o t s  n e a r  t h e  e a v e s  
b e c a u s e  i t ’ s  t o o  t i g h t  t o  s p r a y  i n  
t h e r e !



W H E R E  D I D  T H E  F O A M  F A I L ?  

Many  ‘ b l i s t e r s ’  ( p a i n t e d  o r a n g e )  
w e r e  f o u n d  t h r o u g h o u t  t h e  ½  
p o und  f o am .  When  p r e s u r i s e d
t h e y  l e a k e d  a  l o t  o f  a i r.  F o am  wa s  
u n a t t a c h e d  o r  d e l am i n a t e d .



WHERE  D ID  THE  FOAM  FA I L ?

T h e  b l i s t e r s  w e r e  n e a r l y  1 4 oC  
h o t t e r  t h a n  t h e  s u r r o u n d i n g  f o am .



BU I LD ING  SC I ENCE  
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NOTES  ON  S PRAY  FOAM

Fo am  a d h e s i o n  n e e d s  a  c l e a n ,  d r y,  
u n f r o z e n  a n d  p r e f e r a b l y  e v e n  
s u b s t r a t e .

A n  a t t i c  f l o o r  i s  r a r e l y  a  c l e a n ,  
e v e n  s u b s t r a t e .

N ew  d u c tw o r k  c a n  b e  c o a t e d  w i t h  
a  f i n e  o i l .

T h e  s p r a y e r  n e e d s  t o  s p r a y  t h e  
f a c e  o f  t h e  s u b s t r a t e  i n  q u e s t i o n  
s q u a r e l y  w i t h  a s  mu c h  a s  3 ’  o f  
c l e a r a n c e .   D u c t s  s h o v e d  i n  t h e  
e a v e s  w o n ’ t  b e  d o n e  w e l l .  



BU I LD ING  SC I ENCE  
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MORAL  O F  THE  S TORY ?

Du c t s  i n  a t t i c s ,  n o  ma t t e r  h ow  
mu ch  mone y  y o u  t h r ow  a t  t h em  
a r e  a  d e s i g n  f l aw  t h a t  c a n  
c omp r om i s e  t h e  s t r u c t u r e  o f  t h e  
h ome  i n  n o  t ime .

O r… .

I n s p e c t  t h e  w o r k  y o u  c omm i s s i o n  
f o r  q u a l i t y  w i t h  a  b l ow e r  d o o r  a n d  
I R  c ame r a .



C A S E  2 :

M R S .  F I S H ’ S  C R A W L  S PA C E  P O N D .



BU I LD ING  SC I ENCE  
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MRS .  F I SH ’ S  CONCERNS :

He r  s i d i n g  c o n t r a c t o r  r e f u s e d  
(w i s e l y )  t o  r e - s i d e  t h e  h o u s e  
b e c a u s e  t h e  1 9 7 0 ’ s  OBS  s h e a t h i n g  
wa s  b l a c k  a n d  r o t t i n g .  

M r s .  F i s h  s a i d  i t  sme l l e d  s t u f f y  
e v e n  a  b i t  mo l d y  i n - h o u s e .

M r s .  F i s h  c o u l d n ’ t  g e t  h um i d i t y  
b e l ow  8 0%  i n  w i n t e r.  N o t e  t h e  
h o u s e  wa s  n o t  a i r  t i g h t .



OSB  W I TH  MC  O F  8 0 * ! !

G o o d  f o r  “ s h r o oms ”,  b a d  f o r  
s h e a t h i n g .

* L e t ’ s  j u s t  s a y  a n  MC  o f  2 0 - 3 0  i s  
l e a d s  t o  d e c ompo s i t i o n ,  a n d  t h e  
w o o d  wa s  d amp  t o  t h e  t o u c h .



DOWN  THE  HATCH  WE  GO…

No t e  t h e  f a n ?



E M P L O Y E E  O F  T H E  M O N T H : S H E R V I N  A K H A V I

.



S E E  A N Y T H I N G  F I S H Y ?

.



1 . S t a n d i n g  wa t e r

2 .  D i s c o n n e c t e d  

s u p p l y  d u c t

3 .  Ve n t e d  c r aw l s p a c e

4 .  D i r t  f l o o r

5 .  Fa i l e d  i n s u l a t i o n



S E E  A N Y T H I N G  N A U T I C A L ?

.



1 .Wa t e r  l i n e s  o n  f o am  

i n s u l a t i o n .

2 .  D r a i n s  a n d  d ome s t i c  

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

3 .  Ve n t e d  c r aw l s p a c e  

( l i g h t  a t  t h e  e n d  o f  t u n n e l )

4 .  D i r t  f l o o r

5 .  Fa i l e d  i n s u l a t i o n .





1 . Mou l d  

(wh i c h  l e a d s  t o  s t r u c t u r a l  

I s s u e s )  i n  u n i n s u l a t e d  h e a d e r.

2 .  S p i d e r  w e b s…  

s i g n  o f  a i r  l e a k a g e





1 . 9 5%  o f  d i s t r i b u t i o n  

s y s t em  i n  a  v e n t i l a t e d ,  

s u p e r  mo i s t  c r aw l s p a c e…

2 .  Du c t s  n o t  i n s u l a t e d ,  

d u c t s  n o t    s e a l e d .



BU I LD ING  SC I ENCE  BACKGROUNDE
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Re s u l t  o f  D u c t s  i n  u n c o n d i t i o n e d  
s p a c e ?

M r s .  F i s h  wa s  u n i n t e n t i o n a l l y  
p a y i n g  t o  imp o r t  c r aw l  s p a c e  a i r  

- t h r o u g h  u n s e a l e d  d u c tw o r k  –
wh i c h  i n c l u d e d  mou l d a n d  l o t s  o f  
mo i s t u r e ,   i n t o  l i v i n g  s p a c e .

I n  t u r n ,  t h a t  h i g h  mo i s t u r e  
c o n t e n t  b e i n g  d r i v e n  i n t o  t h e  
o u t s i d e  wa l l s  b e c a u s e  o f  p o o r  a i r  
b a r r i e r  d e t a i l s ,  l e d  t o  t h e  
d e t e r i o r a t i o n  o f  h e r  s h e a t h i n g .



BU I LD ING  SC I ENCE  
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MORAL  O F  THE  S TORY ?

Du c t s  i n  w e t  c r aw l  s p a c e s  

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



C A S E  3 :

M R .  M O U S E ’ S  C O L D  H O U S E  W I T H  F L A N K I N G  

C R A W L  S PA C E S .
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MR .  MOUSE ’ S  I SSUES :

On  c o l d  d a y s ,  t h e  h o u s e  e v e n  

w i t h  tw o  g e n e r o u s l y  s i z e d ,  t w o  
s t a g e  f u r n a c e s  c o u l d  n o t  k e e p  t h e  
h o u s e  c om f o r t a b l e .



MR .  MOUSE ’ S  S I TUAT ION :

T h e  h o u s e  h a d  a  c e n t r a l  ‘A ’  
f r amed  p a r t  w i t h  a  f u l l  b a s emen t .

A t t a c h e d  o n  e i t h e r  s i d e  o f  t h e  
c e n t r a l  ‘A ’  p a r t ,  i t  h a d  tw o  
f l a n k i n g  w i n g s  b u i l t  o n  
c r aw l s p a c e s .

L e t ’ s  h a v e  a  l o o k…





W H AT  D I D  W E  S E E  I N  T H I S  L A S T  C L I P ?



1 .  C r aw l  s p a c e  i s  

v e n t i l a t e d  y e a r  r o u n d :  

m e a n s  h e a t i n g  a n d  

c o o l i n g  m e c h a n i c a l s  

a n d  d i s t r i b u t i o n  s y s t em  

i s  e f f e c t i v e l y  o u t s i d e .

2 .  G e t  t h i s :  F l o o r  c a v i t y  

i s  i n s u l a t e d ,  d u c t s  a r e  

n o t !  B a r e  c o p p e r  w a t e r  

l i n e s ! !

3 .  D u c t s  n o t  a i r  s e a l e d  o r  i n s u l a t e d .

4 .  S p a c e  w a s  I AQ  n i g h tm a r e .

T h e  c r aw l  s p a c e  s h own  a b o v e  w a s  
t w i c e  a s  b i g  i n  a r e a .  T h e  s ame  
s i t u a t i o n  o n  t h e  o t h e r  s i d e  o f  t h e  
h o u s e .



M R .  M O U S E  D I E D  O F  E X P O S U R E . . .  

… M AY  H E  R E S T  I N  P E A C E  



RESULT  O F  DUCTS  I N  
UNCOND I T IONED  S PACE ?  

H e a t i n g  s e a s o n  l o s s :  

P h e n omena l  l o s s  o f  e f f i c i e n c y  a s  
d u c t s  a r e  b a r e ,  l e a k y  a n d  o u t s i d e .

C o o l i n g  s e a s o n  l o s s :  

T h e  r e t u r n  s i d e  o f  t h e  d u c t s  i n  
t h a t  s u p e r  h um i d  c r aw l  mea n s  

t h e  AC  h a s  t o  s u rmoun t  n o t  o n l y  
t h e  s e n s i b l e  b u t  t h e  h u g e  amoun t  
o f  l a t e n t  h e a t  a d d e d  i n  t h e  f o rm  
o f  h um i d i t y.



MORAL  O F  THE  S TORY

Du c t s  i n  u n c o n d i t i o n e d   c r aw l  
s p a c e s  w i l l  c o s t  y o u  a  l o t  o f  
mon e y  a n d  ma ke  y o u  v e r y  
u n c om f o r t a b l e !



I F  THESE  3  CASE  STUDIES  TELL  
US  SOMETHING…

WHAT  I S  I T ?  



THE  BOTTOM  L I NE…

Keep  t h e  d u c t  w o r k  i n s i d e  t h e  
t h e rma l  e n v e l o p e ,  a n d  des i gn a  
b e t t e r  s y s t em .



DUCTS  OUTS IDE  THE  ENVE LOPE  ARE  A  DES IGN  I SSUE  
THAT ’ S  A L I V E  AND  WEL L  NOW.





MANSARDS  ARE  T R I CKY

Man s a r d  r o o f s  a r e  c omp l i c a t e d  f o r  
many  r e a s o n s  a n d  o f t e n  s u f f e r  
f r om  i c e  d amm i n g  a s  a  g e n e r a l  
d e s i g n  f l aw .  

M a n s a r d s  w e r e  f o r  t a x  e va s i o n ,  
n o t  n o r t h e r n  c l ima t e .  

B e f o r e  y o u  t o u c h  a n  a t t i c  i n  a  
M a n s a r d  s t y l e  h o u s e ,  g e t  a  2 nd

o p i n i o n .



I NDOOR  POOLS

Re s i d e n t i a l  p o o l s  a r e  n o t  f o r  t h e  
f a i n t  h e a r t e d .

B e f o r e  y o u  s t a r t  a  p o o l  p r o j e c t  
g e t  e x p e r i e n c e d  h e l p  i n  d e s i g n i n g  
t h e  s y s t em .

No t e  t h e  l a r g e  s k y  l i g h t s  
( c o n d e n s a t i o n  t r a p s )  a n d  l a r g e  
HVAC  d u c t s .



SEPARATE  POOL  F ROM  HOUSE !

T h o u g h  b a r e l y  v i s i b l e  i n  t h i s  
p h o t o ,  a  s u p p l y  r e g i s t e r  wa s  
p i p e d  i n t o  e a c h  s k y  l i g h t  b o x  t o  
s t o p s  t h e  p e r p e t u a l l y  f o rm i n g  
c o n d e n s a t i o n  o n  t h e  s k y l i g h t .

N o t e  t h e  s o u r c e  o f  c o n d i t i o n e d  a i r  
t o  t h o s e  s k y l i g h t  b o xe s . . .

T h e  d u c t  g o e s  f r om  i n s i d e  t h e  
t h e rma l  e n v e l o p e ,  c r o s s e s  i n t o  a n  
u n c o n d i t i o n e d  s p a c e  ( i n  t h i s  c a s e  
a  f l a t  r o o f )  t h e n  d i s t r i b u t e d  t o  
e a c h  s k y l i g h t  t u b e .



I T ’ S  RA IN ING  I N  MY  B EDROOM…

Eve r y t h i n g  w en t  w e l l  t h a t  s umme r  
u n t i l  t h e  c o l d  f a l l  c ame  a r o u n d . . .



Be f o r e  y o u  d o  t h i s…

Th i s  r o o f  t o p  f u r n a c e  a n d  A / C  
s y s t em  wa s  i n s t a l l e d  b e c a u s e  t h e  
owne r  d i d n ’ t  w a n t  u n s i g h t l y  
b u l k h e a d s / d r o p  s o f f i t s i n s i d e .   



…CONS IDER  M IN I - S P L I T  H EAT  
PUMPS

Instead of the “Space-Pak” A/C system with 
sprawling 2” ducts littering the attic floor, 
install mini split heat pumps.

The efficiencies (up to 26 SEER) are ~10 SEER 
higher than conventional systems. Add to that 
the 3 SEER you gain for not putting the ducts 
in the attic to get 13 SEER higher than a 
“Space Pak”.



I F  YOUR  LOOK ING  FOR  
A LT ERNAT I V ES  TO  ATT I CS  &  
CRAWLS…

He r e  a r e  s ome  s u g g e s t i o n s  t h a t  
mov e  t h e  t h e rma l  b a r r i e r  o u t  o f  
k e e p  t h e  d u c t s  i n .



OPT ION  1 :  DROP  C E I L I NG  I N  HA L L  
FOR  THE  TOP  F LOOR  A P PARTMENT  
OR  BUNGALOW  W I TH  S LAB  ON  
GRADE

Using the central hall ceiling as a race way for 
ducting works well especially when the heating 
cooling loads are small, the windows highly 
efficient and the supply grill can be located on 
the wall top along the hall as opposed to 
“washing the outside wall and window to 
prevent condensation.

Drawing by created by Earth Advantage 
Institute (EAI) www.ductsinside.org



OPT ION  2 :  C ATHEDRA L I S E  ATT I C

This is a great option for existing homes that 
have expensive finishes in them and the 
expense and disruption of running ductwork in 
the existing thermal boundary is prohibitive. 

Get the building inspector on side before you 
start, use two pound spray foam, clean the 
outside wall top plates and foam weld from 
top plate to top plate.

Inspect and test your foam once installed 
using either or a combination of Infrared 
thermography and the blower door.

Drawing by created by Earth Advantage 
Institute (EAI) www.ductsinside.org



WHEN  TURN ING  YOUR  ATT I C  I N TO  
A  “ CATHEDRA L”  OR  COND I T IONED  
S PACE :

Mo s t  r a f t e r s  a r e n ’ t  d e e p  e n o u g h  
t o  a c c ommoda t e  e n o u g h  i n s u l a t i o n  
t o  mee t  m i n imum  R-va l u e s  
r e q u i r e d  b y  c o d e ,  e s p e c i a l l y  i f  t h e  
r a f t e r  b a y s  i n c l u d e s  a  v e n t i l a t i o n  
c h a n n e l .

T h e  f o am  i n  t h i s  c a s e  s h o u l d  b e  2  
p o u n d  f o am  wh i c h  i s  l e s s  
p e rmea b l e  t o  v a p o u r d i f f u s i o n  t o  
ma ke  a  ‘ h o t  r o o f ’.

F i b e r o u s b a t t s n e e d  a  s u p e r  a i r  
t i g h t  v a p o u r b a r r i e r  a n d  y o u  w i l l  
h a v e  t o  v e n t  t h e  r o o f  d e c k .  T h i s  
o p t i o n  i s  n o t  p r a c t i c a l  i f  y o u  h a v e  
t r u s s e s .  





OPT ION  3 :  CUSTOM  TRUSSES  FOR  
THE  BUNGALOW  ON  GRADE .

Having trusses manufactured with a chase 
along the central part of the ceiling like a 
“coffered” style indent 

Drawing by created by Earth Advantage 
Institute (EAI) www.ductsinside.org



OPT ION  3 :  F LOOR  JO I S T  CAV I T Y

Wood web engineered joists cost on average 
$1.50ea more than dimensional lumber for the 
same span, are always straight, have a huge 
surface to nail/crew to and have lots of room 
for the plumber, electrician and HVAC trades 
to share. 

Edited drawing by created by Earth Advantage 
Institute (EAI) www.ductsinside.org





S T I L L  WAN T  DUC T  WORK  I N  T H ER E ?

5  r u l e s  t h a t  w i l l  m a k e  d u c t w o r k  i n  
u n c o n d i t i o n e d  s p a c e s  b e t t e r :

1 .  S e a l  a l l  j o i n t s  a n d  p e n e t r a t i o n s  
t h r o u g h  t h e  t h e rm a l  b o u n d a r y.

2 .  Te s t  a n d  c o n f i rm  m i n im a l  
l e a k a g e .

3 .  I n s u l a t e  a l l  d u c t  s u r f a c e s  w i t h  
m o r e  t h a n  c o d e  m i n im um s .

4 .  I n f r a r e d  s c a n  y o u r  i n s u l a t e d  
d u c t s  b y  a  q u a l i f i e d  p r o f e s s i o n a l .

5 .  K e e p  d u c t s  l o w  t o  t h e  a t t i c  f l o o r  
s o  y o u  c a n  e i t h e r  ‘ f o am  w e l d ’  t h em  
t o  t h e  a t t i c  f l o o r  o r  m o u n d  t h em  
w i t h  R 6 0+  o f  c e l l u l o s e .



PART ING  WORDS . .

I f  y o u r  n ame  i s  o n  t h e  j o b ,  
i n s p e c t  a n d  t e s t  y o u r  w o r k !

Fo r  a n  e x c e l l e n t  t r e a t i s e  o n  t h e  
s u b j e c t  p l e a s e  r e f e r  t o :

Earth Advantage Institute (EAI)
www. d u c t s i n s i d e . o r g .



MORE  GREAT  L I NKS

Ma r t i n  H o l l a d a y  
www.G r e e nBu i l d i n g A d v i s o r. c om

J o hn  S t r a u b  a n d  J o e  L s t i b u r e k
www. b u i l d i n g s c i e n c e . c om



QUEST IONS ?

T h a n k s  f o r  l i s t e n i n g .  

We  h o p e  y o u  e n j o y e d  a n d  l e a r n e d  
s ome t h i n g  f r om  t h i s  s e s s i o n .

P l e a s e  v i s i t  u s  a t :

www. s o u t h f a c e . o r g

www. b l u e g r e e n g o u p . c a




