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SYNOPSIS 

This  paper o u t l i n e s  t he  development of  g u i d e l i n e s  f o r  t he  des ign  
and i n s t a l l a t i o n  of v e n t i l a t i o n  systems i n s t a l l e d  i n  energy- 
e f f i c i e n t  homes cons t ruc t ed  under t he  R-2000 Home Program of  
Energy, Mines and Resources Canada. The gu ide l ines  r ep re sen t  one 
o f  t h e  f i r s t  i n i t i a t i v e s  t o  develop comprehensive requirements  
f o r  t he  des ign  and i n s t a l l a t i o n  of mechanical v e n t i l a t i o n  systems 
f o r  r e s i d e n t i a l  bu i ld ings  i n  Canada. The g u i d e l i n e s  o u t l i n e  
requirements  f o r  a  cont inuous supply of  v e n t i l a t i o n  a i r  t o  d i l u t e  
and t h e r e f o r e  c o n t r o l  contaminants produced from d ispersed  
sources  i n  a  home (e.g.  occupants  and bu i ld ing  m a t e r i a l s ) ,  an 
a d d i t i o n a l  c a p a b i l i t y  f o r  pe r iods  of h igh  humidity o r  contaminant 
production. The g u i d e l i n e s  and a l s o  s p e c i f y  t h a t  contaminants 
and odours i n  k i tchens  and bathrooms must be removed a t  t h e i r  
source  and exhausted d i r e c t l y  t o  the ou t s ide .  The v e n t i l a t i o n  
system must be designed and i n s t a l l e d  s o  t h a t  i t  does no t  
c o n t r i b u t e  t o  an i nc rease  i n  t he  p re s su re  d i f f e r e n c e  ac ros s  the 
b u i l d i n g  envelope above s p e c i f i e d  l e v e l s .  Requirements f o r  
providing makeup a i r ,  i f  r equ i r ed ,  a r e  s p e c i f i e d  t o  avoid 
backdra f t i ng  o f  combustion appl iances  and reduce the e n t r y  of  
s o i l  gases  i n t o  the bu i ld ing .  V e n t i l a t i o n  a i r  must be d i s t r i b u t e d  
throughout t he  house and introduced t o  occupied zones i n  manner 
t h a t  does no t  cause discomfort  t o  occupants,  

1 -0  INTRODUCTION 

The p rov i s ion  of adequate v e n t i l a t i o n  i n  r e s i d e n t i a l  occupancies 
can only be assured  wi th  p o s i t i v e ,  r e l i a b l e  mechanical 
v e n t i l a t i o n  systems. 

The R-2000 Home Program Design and I n s t a l l a t i o n  Guide l ines  f o r  
V e n t i l a t i o n  Systems [ I ]  r e q u i r e s  a  mechanical v e n t i l a t i o n  system 
be i n s t a l l e d  t o  supply a  minimum amount of  v e n t i l a t i o n  a i r ,  on a  
cont inuous b a s i s ,  of 5  L/s  t o  each h a b i t a b l e  room, bathroom and 
k i t chen  and 10  L/s t o  basement a r ea s  and u t i l i t y  rooms. 

There is  a  requirement f o r  an a d d i t i o n a l  minimum i n t e r m i t t e n t  
c a p a c i t y  o f  25 L/s  t o  c o n t r o l  excess  humidity o r  contaminants.  
This  s h a l l  be a c t i v a t e d  by means of a  humidity c o n t r o l l e r  and by 
e i t h e r  a  manual ove r r ide  o r  a  t imer ,  Procedures f o r  measuring 
i n s t a l l e d  a i r f l o w  r a t e s  a r e  s p e c i f i e d  i n  t he  gu ide l ines .  

There must a l s o  be a  c a p a b i l i t y  t o  exhaus t  contaminants and 
odours a t  t h e i r  source a t  a  minimum r a t e  of  50 L/s from a  k i t chen  
and 25 L/s  from each bathroom, This  may be achieved by means of 
i n d i v i d u a l  exhaust  u n i t s  o r  a  c e n t r a l  v e n t i l a t i o n  system. 

The v e n t i l a t i o n  system must be designed and i n s t a l l e d  so  t h a t  i t  
does no t  c o n t r i b u t e  t o  a  p re s su re  d i f f e r e n c e  across  the  bu i ld ing  
envelope of more than 10 p a s c a l s  (pa )  w i th  cont inuous v e n t i l a t i o n  
and not more than 20 Pa with i n t e r m i t t e n t  opera t ion .  



There a r e  procedures f o r  providing makeup o r  replacement a i r  t o  
avoid t he  house exceeding al lowable p re s su re  d i f f e r e n c e s .  This 
requirement minimizes the e n t r y  of s o i l  gases  i n t o  the  home and 
backdraf t ing  of  any woodburning appl iances .  

To avoid discomfort  t o  occupants,  when the  temperature of  t he  
v e n t i l a t i o n  a i r  is lower than t h a t  of the  indoor a i r ,  i t  must be 
hea ted  o r  adequately mixed wi th  the  indoor  a i r  be fo re  being 
d ischarged  i n t o  t h e  occupied zones. Forced warm a i r  hea t ing  
systems o f f e r  a  means t o  hea t ,  mix and d i s t r i b u t e  v e n t i l a t i o n  a i r  
t o  t h e  rooms i n  a  house, p rovid ing  the  hea t ing  system fan  is 
opera ted  cont inuously.  I n  bu i ld ings  with per imeter  baseboard o r  
pane l  hea t ing  systems, a means of d i s t r i b u t i o n  and in t roduc t ion  
o f  tempered v e n t i l a t i o n  a i r  must be provided, a s  w e l l  a s  a  means 
t o  exhaust  indoor s t a l e  a i r .  This  can be accomplished through a  
c e n t r a l  system o r  through a  combination of i n d i v i d u a l  room u n i t s  
and/or  a  c e n t r a l  system. 

Most of  t h i s  information i s  now r e f l e c t e d  i n  the R-2000 t r a i n i n g  
and educa t ion  courses  provided through the  Canadian Home 
Bui lders  ' Associa t ion  ( cHBA) and the Heating, R e f r i g e r a t i o n  and 
A i r  Condi t ioning I n s t i t u t e  of Canada (HRAI). 

2.0 RATIONALE FOR CHANGES TO THE EXISTING GUIDELINES 

The new v e n t i l a t i o n  g u i d e l i n e s  were developed i n  response t o  a  
review of  the  t echn ica l  requirements  f o r  R-2000 homes conducted 
by the  Bureau of Management Consul t ing [ 2 ] ,  and the  r e s u l t s  of a  
program of t e s t i n g  and monitor ing of the i n i t i a l  R-2000 homes. 

During the  review of  t e c h n i c a l  requirements ,  more than seventy 
i n d i v i d u a l s  ac ros s  Canada, inc lud ing  b u i l d e r s ,  mechanical 
c o n t r a c t o r s ,  equipment s u p p l i e r s  and manufacturers ,  represen ta -  
t i v e s  from government housing agencies  and u t i l i t i e s ,  warranty 
and r e g u l a t o r y  a u t h o r i t i e s  and bu i ld ing  s c i e n t i s t s  were surveyed. 
For t he  monitor ing program, approximately t h r e e  hundred R-2000 
homes and a  sample of c o n t r o l  homes r ep re sen t ing  t y p i c a l  
c o n s t r u c t i o n  were monitored t o  measure l e v e l s  of va r ious  a i rborne  
contaminants and t o  determine the performance of  v e n t i l a t i o n  
systems i n s t a l l e d  i n  R-2000 homes. 

The t e c h n i c a l  review and the monitor ing program i d e n t i f i e d  a  
number of  important  i s s u e s  and concerns which needed t o  be 
addressed.  

1. Regulatory a u t h o r i t i e s  and bu i ld ing  i n s p e c t o r s  gene ra l l y  
f e l t  t h a t  e x i s t i n g  v e n t i l a t i o n  gu ide l ines  were too vague and 
presen ted  d i f f i c u l t i e s  i n  enforcement and compliance. 



2,  While the  monitoring r e s u l t s  showed t h a t ,  on average, t h e  
a i r  q u a l i t y  i n  the i n i t i a l  R-2000 homes was as  good a s ,  o r  
supe r ioz  to,  t he  a i r  q u a l i t y  i n  the sample of convent iona l  
homes, t h e r e  was some v a r i a t i o n  among i n d i v i d u a l  homes [ 3 ] .  
The r e s u l t s  i nd i ca t ed  a  need t o  ensure  t h a t  minimum 
v e n t i l a t i o n  r a t e s  a r e  m e t  i n  a l l  houses and t h a t  v e n t i l a t i o n  
a i r  is d i s t r i b u t e d  t o  a l l  a r e a s  of the  house. 

k s t  of t he  i n d i v i d u a l s  surveyed ind i ca t ed  t h a t  t he re  was 
a  need f o r  g r e a t e r  f l e x i b i l i t y  i n  t he  types of v e n t i l a t i o n  
systems t h a t  could be i n s t a l l e d  i n  R-2000 homes. More 
s p e c i f i c a l l y ,  i t  was f e l t  t h a t  the e x i s t i n g  requirements  
focused p r i m a r i l y  on balanced a i r - t o - a i r  hea t  recovery 
v e n t i l a t o r s  and v i r t u a l l y  excluded o t h e r  types of  v e n t i l a -  
t i o n  systems, inc lud ing  those i nco rpo ra t i ng  simple,  inexpen- 
s i v e  fans.  

4. Concern was expressed t h a t  t he re  was no mechanism f o r  
accommodating unbalanced v e n t i l a t i o n  systems, inc lud ing  new 
h e a t  recovery systems which recover  hea t  from s t a l e  exhaust 
a i r  t o  hea t  domestic water.  

5. The survey  ind i ca t ed  t h a t  r equ i r ing  makeup a i r  f o r  a l l  
exhaus t  equipment, r e g a r d l e s s  of s i z e  o r  time operated,  was 
t o o  r i g i d .  It was f e l t  t h a t  r e v i s i o n  of the R-2000 t e c h n i c a l  
requirements  t o  r e s t r i c t  t he  use of  those combustion 
app l i ances  most s u s c e p t i b l e  t o  backdraf t ing  o r  s p i l l a g e  of 
combustion products  has s u b s t a n t i a l l y  reduced concern over 
nega t ive  p re s su re s  i n  the  house. Some o rgan iza t ions  were 
p a r t i c u l a r l y  concerned t h a t  the use of r e c i r c u l a t i n g  k i t chen  
range hoods was being encouraged, and t h a t  c l o t h e s  d rye r s  
were being vented i n s i d e  the  house. 

6. The review ind i ca t ed  t h a t  the i s sue  of when and how makeup 
a i r  would be provided t o  the bu i ld ing  was inadequate ly  
addressed i n  t he  e x i s t i n g  gu ide l ines ,  No guidance was 
provided on how t o  s i z e  of makeup a i r  duc ts .  

7, Concern was expressed t h a t  some v e n t i l a t i o n  systems, though 
i n s t a l l e d  wi th  s u f f i c i e n t  capac i ty ,  e r e  not being operated,  
o r  were operated i n f r equen t ly ,  and t h e r e f o r e  were no t  
adequate ly  c o n t r o l l i n g  contaminants.  This  i nd i ca t ed  a  need 
t o  address  t he  i s s u e s  of v e n t i l a t i o n  system c o n t r o l s  and 
ope ra t i on ,  

8, There was concern t h a t  the  e x i s t i n g  requirement f o r  a  
v e n t i l a t i o n  capac i ty  of  0.5 ach ( a i r  changes per hour) was 
exces s ive  f o r  l a r g e  homes and the r equ i r ed  equipment would 
be  p r o h i b i t i v e l y  expensive t o  i n s t a l l  and opera te ,  

I n  summary, t h e  review of  t e c h n i c a l  requirements  and the  
monitor ing r e s u l t s  i n d i c a t e d  the  need f o r  major r e v i s i o n s  t o  
broaden the  types of v e n t i l a t i o n  equipment t h a t  can be used and 
t o  provide more in format ion  and guidance on the  des ign  of 
v e n t i l a t i o n  a i r  d i s t r i b u t i o n  systems, t he  i n s t a l l a t i o n  of makeup 
a i r  i n l e t s  and methods of measuring a i r f l ows  t o  ensure compliance. 



3 e 0  DEVELOPMENT OF THE NEW GUIDELINES 

Consul tan ts  were r e t a i n e d  t o  a s s i s t  Energy, Mines and Resources 
Canada (EMR) and the  Canadian Home Bu i lde r s '  Assoc i a t i on  (CHBA) 
i n  the development of the  new v e n t i l a t i o n  gu ide l ines .  

E x i s t i n g  s t anda rds  formed t h e  b a s i s  f o r  developing the  new 
v e n t i l a t i o n  gu ide l ines .  In  p a r t i c u l a r ,  ASHRAE Standard 62-81, 
V e n t i l a t i o n  f o r  Acceptable Indoor A i r  Qual i ty  [4 ]  was used a s  
t h e  b a s i s  f o r  e s t a b l i s h i n g  a  continuous minimum v e n t i l a t i o n  r a t e  
f o r  each room of the  house t o  c o n t r o l  contaminants genera ted  by 
t h e  occupants and o t h e r  i n t e r i o r  sources  such a s  b u i l d i n g  
m a t e r i a l s  and furn ish ings .  However, re f inements  were necessary  i n  
o rde r  t o  address  a  number of i s s u e s  not  covered i n  t h i s  s tandard ,  
i nc lud ing  t h e  supply of  v e n t i l a t i o n  a i r  t o  basement and u t i l i t y  
a r e a s  and t h e  need t o  c o n t r o l  exces s ive  humidity and very h igh  
l e v e l s  of contaminants genera ted  on an i n t e r m i t t e n t  b a s i s ,  

I n s t a l l a t i o n  requirements  f o r  equipment were based p r imar i l y  on 
t h e  Canadian S tandards  Assoc ia t ion  (CSA) d r a f t  s tandard  f o r  t he  
i n s t a l l a t i o n  of  hea t  recovery v e n t i l a t o r s  151, t h e  Heating, 
R e f r i g e r a t i o n  and A i r  Condi t ioning I n s t i t u t e  of Canada (HRAI) 
R e s i d e n t i a l  System ~ e s i g n  Manual [ 6 ]  and experience gained during 
t h e  i n i t i a l  phase of t he  R-2000 Home Program. 

The new g u i d e l i n e s  assume t h a t  o u t s i d e  a i r  is  s u i t a b l e  f o r  
v e n t i l a t i o n  use and t h e r e f o r e  no p rov i s ion  is  made fo r  f i l t e r i n g  
o r  cond i t i on ing  i t ,  It was f e l t  t h a t  i t  would be very d i f f i c u l t  
a t  t h i s  time t o  spec i fy  the  q u a l i t y  of o u t s i d e  a i r  being used f o r  
v e n t i l a t i o n  and then determine a  means of  compliance f o r  every 
home, 

The new g u i d e l i n e s  do not  have s p e c i f i c  performance requirements 
r e l a t e d  t o  no i se  but  do s p e c i f y  t h a t  systems should be i n s t a l l e d  
t o  minimize no i se  t o  occupants ,  It was f e l t  t h a t  t h e r e  was no t  
enough information t o  develop a  formal s p e c i f i c a t i o n  a t  t h i s  time, 

The f i r s t  d r a f t  of the  new g u i d e l i n e s  was s e n t  t o  t h e  seventy 
i n d i v i d u a l s  included i n  the i n i t i a l  survey and t o  v e n t i l a t i o n  
equipment manufacturers  and s u p p l i e r s ,  members of  t h e  CSA 
Committee on In s  t a l l a t i o n  Guide l ines  f o r  Heat Recovery 
V e n t i l a t o r s  (CSA Standard C444), some members of the  committee 
r e spons ib l e  f o r  ASHRAE Standard 62-81, and o the r  consu l t an t s  and 
r e sea rche r s .  Revis ions were made a s  a  r e s u l t  of t he  comments 
rece ived ,  and the  r ev i sed  d r a f t  was submitted t o  t h e  R-2000 
Technical  Advisory Committee f o r  approval  i n  p r i n c i p l e .  Ed i t i ng  
and re f inements  followed comments from o t h e r  i ndus t ry  
r e p r e s e n t a t i v e s  involved wi th  the  implementation of  t he  R-2000 
Home Program. The g u i d e l i n e s  were then recommended f o r  
implementation by the  R-2000 Technica l  Requirements Committee. 



4 a 0  REUTIONSHIP WITH ASHRAE STANDARD 62 -81 

ASHRAE 62-81 focuses  p r i m a r i l y  on the c o n t r o l  of carbon d ioxide  
and body odour generated by occupants and recommends a  minimum 
v e n t i l a t i o n  r a t e  of 5  L/s  f o r  each h a b i t a b l e  room, This  r a t e  was 
adopted a s  t h e  cont inuous v e n t i l a t i o n  r a t e  f o r  gene ra l  
contaminant c o n t r o l  i n  h a b i t a b l e  rooms, k i t chens  and bathrooms. 

ASHRAE 62-81 recommendations concerning requirements  f o r  t he  
removal of  contaminants from k i t chens  and bathrooms have a l s o  
been incorpora ted  i n t o  t h e  R-2000 v e n t i l a t i o n  gu ide l ines .  
Exhaust c a p a c i t i e s  of 50 L/s and 25 L/s  r e s p e c t i v e l y  should be 
i n s t a l l e d  i n  t he se  rooms. 

ASHRAE 62-81 does no t  address  the i s s u e  of v e n t i l a t i o n  f o r  
basement, workshop o r  u t i l i t y  rooms. These a r e  a r ea s  with 
p a r t i c u l a r  v e n t i l a t i o n  requirements  because of a c t i v i t i e s  c a r r i e d  
ou t  and m a t e r i a l s  s t o r ed  i n  them. A cont inuous v e n t i l a t i o n  r a t e  
of  10 L/s f o r  these  a r ea s  was proposed and met with acceptance. 
This  requirement  has the added advantage of allowing subsequent 
f i n i s h i n g  o f  t he  basement a s  two h a b i t a b l e  rooms without 
r e q u i r i n g  mod i f i ca t i on  of  t h e  v e n t i l a t i o n  system capac i ty .  
U t i l i t y  rooms a r e  def ined  a s  a reas  t h a t  a r e  en te red  and where 
a c t i v i t i e s  a r e  c a r r i e d  out ,  such a s  laundry rooms and workshops, 
bu t  exclude a r ea s  such a s  c l o s e t s ,  s t o r age  rooms, mechanical 
rooms and furnace rooms with a  combustion a i r  supply. 

ASHRAE 62-81 a l s o  does not  address  the i s s u e  of c o n t r o l l i n g  
excess  humidity o r  higher-than-normal l e v e l s  of contaminants 
genera ted  on a  short-term bas i s .  This was f e l t  t o  be an important 
i s s u e  s i n c e  exces s ive  humidity can inc rease  the r i s k  o f  damage t o  
t h e  buiding envelope o r  r e s u l t  i n  condensation, mould and mildew 
wi th in  the bu i ld ing .  The R-2000 v e n t i l a t i o n  gu ide l ines  t he re fo re  
i nc lude  a  requirement fo r  a d d i t i o n a l  i n t e r m i t t e n t  capac i ty  of 25 
L/s,  t o  be a c t i v a t e d  manually o r  by a  humidity c o n t r o l l e r .  

The program a l s o  had t o  address  the i s s u e  of l a r g e  open a r ea s  
which comprise more than one func t iona l  room, such a s  a  combined 
living/dining-room area.  The gu ide l ines  spec i fy  t h a t  t he se  a r ea s  
should be t r e a t e d  a s  two ind iv idua l  rooms. Some judgement and 
i n t e r p r e t a t i o n  w i l l  be needed i n  order  t o  determine whether a  
p a r t i c u l a r  a r e a  should be considered as  one o r  more rooms. For 
example, a  smal l  e a t i n g  a r e a  i n  a  k i t chen  would no t  be regarded 
a s  a  s e p a r a t e  room. Table 1 provides  an example of t h e  
v e n t i l a t i o n  requirements  f o r  a  t y p i c a l  dwell ing un i t .  

The continuous v e n t i l a t i o n  a i r  f o r  k i tchens ,  bathrooms, basement 
and u t i l i t y  rooms can be provided i n d i r e c t l y  by inc reas ing  the  
amount of v e n t i l a t i o n  a i r  t o  o the r  rooms provided t h a t  a i r  i s  
cont inuous ly  exhausted from these  rooms a t  the requi red  r a t e .  

The exhaust  c a p a b i l i t y  f o r  the  k i tchen  and bathrooms can be met 
wi th  a  c e n t r a l  balanced system exhaust ing a i r  from the  k i t chen  
and bathrooms o r  by providing s e p a r a t e  manually operated exhaust 
equipment i n  the  k i t chen  and bathrooms. 



VENTILATION REQUIREMENTS FOR A TYPICAL DWELLING 

Kitchen 
Dining Room 
Living room 
Bathroom 1'1 
Bathroom 82 
Master Bedroom 
Bedroom 82 
Bedroom 113 
Basement 
I n t e r m i t t e n t  Capacity 

Continuous Exhaust Capab i l i t y  
L/s  L/s  

5 50 
5 
5 
5 2 5 
5 2 5 
5 
5 
5 

1 0  
2 5 

T o t a l  System Capacity 75 

Table 2  p r e s e n t s  a  pos s ib l e  d i s t r i b u t i o n  arrangement f o r  t he  
t y p i c a l  dwell ing u n i t  us ing  a  c e n t r a l  balanced v e n t i l a t i o n  
system such a s  a  hea t  recovery v e n t i l a t o r  and one a d d i t i o n a l  
bathroom fan  a s  i l l u s t r a t e d  i n  Figure 1 .  

TABLE 2  

DISTRIBUTION ARRANGEMENT USING A CENTRAL BALANCED 
VENTILATION SYSTEM AND A SEPARATE BATHROOM FAN 

C e n t r a l  System Separate  Exhaust 
supply Exhaus t 

L l s  L/s  L/s 

Kitchen 
Dining Room 
Living room 
Bathroom # l  
Bathroom 1'2 
Master Bedroom 
Bedroom 8 2  
Bedroom 1'3 
Basement 

The v e n t i l a t i o n  system would be s e t  a t  50  L / S  t o  provide 
cont inuous v e n t i l a t i o n  (low-speed). Where t h i s  r a t e  is g r e a t e r  
than 0.45 ach, t he  i n s t a l l e r  i s  permi t ted  t o  reduce t h e  
cont inuous v e n t i l a t i o n  r a t e  s e t t i n g  t o  the equ iva l en t  of 0 - 4 5  
ach. The maximum c a p a c i t y  a t  75 L/s would be a c t i v a t e d  by a  
humidity c o n t r o l l e r  o r  by a  manual switch o r  t imer,  The bathroom 
fan would be a c t i v a t e d  by a  manual switch o r  timer. 



FIGURE 1 

POSSIBLE DISTRIBUTION ARRANGEMENT USING BY A HEAT 
RECOVERY VENTILATOR AND SEPARATE BATHROOM EXHAUST FAN 

PPLY AIR INTAKE 

BATHROOM SUPPLY 

R OUTL 
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5 a 0  VENTILATION BASED ON NUMBER OF ROOMS INSTEAD OF HOUSE VOLUME 

It i s  f e l t  t h a t  using the number of rooms i n  the house a s  t he  
b a s i s  f o r  c a l c u l a t i n g  the v e n t i l a t i o n  requirements  has  c l e a r  
advantages over  using the  house volume. A c a l c u l a t i o n  based on 
the  number of  rooms provides  a  r e l a t i v e l y  simple method f o r  
b u i l d e r s  and i n s t a l l e r s  t o  determine v e n t i l a t i o n  requirements  and 
f o r  i n spec to r s  t o  v e r i f y  compliance of a  v e n t i l a t i o n  system. 

A c a l c u l a t i o n  based on t h e  i n t e r i o r  volume of  a  house i s  
p a r t i c u l a r l y  dependent on the foundat ion type and s i z e  of  t he  
rooms, The amount of v e n t i l a t i o n  a i r  provided t o  the house could 
vary g r e a t l y  depending on whether the house is cons t ruc ted  with a  
slab-on-grade, crawl-space o r  f u l l  basement foundat ion o r  whether 
rooms have c a t h e d r a l  c e i l i n g s .  

The i s s u e  of d i s t r i b u t i n g  v e n t i l a t i o n  a i r  is a l s o  addressed by 
t h e  use of a  per-room requirement.  The gu ide l ines  s t a t e  t h a t  the 
amount of v e n t i l a t i o n  a i r  provided t o  each room must not  be l e s s  
than the  per-room requirement s p e c i f i e d  i n  the g u i d e l i n e s .  



The per-room requirement ensures  t h a t  a  minimum amount of  
v e n t i l a t i o n  a i r  i s  suppl ied  t o  the occupied zone of each room 
r e g a r d l e s s  of  t he  o v e r a l l  cons t ruc t ion  of the house o r  s i z e  of  
room. V e n t i l a t i o n  r a t e s  i n  R-2000 homes would t y p i c a l l y  range 
from 0.30 t o  0.45 ach. The average v e n t i l a t i o n  r a t e  f o r  R-2000 
homes b u i l t  t o  da t e  is  equ iva l en t  t o  0.35 ach [ 3 ] .  

The r e l a t i o n s h i p  between the  v e n t i l a t i o n  r a t e  c a l c u l a t e d  by the  
per-room method and house volume is  i l l u s t r a t e d  i n  F igure  2. For 
example, a  smal l  bungalow wi th  a  slab-on-grade foundat ion would 
have a  volume of about 300 m3. The v e n t i l a t i o n  r a t e ,  depending on 
t h e  number of rooms, could  be equ iva l en t  t o  an a i r  change r a t e  i n  
excess  of 0.5 ach. The same house with a  f u l l  basement would have 
twice the volume and t h e r e f o r e  have a  v e n t i l a t i o n  r a t e  equiva len t  
t o  0.30 ach. 

Concern was expressed t h a t  the a i r  change r a t e  achieved i n  some 
houses,  p a r t i c u l a r l y  those with small  rooms and a  slab-on-grade 
foundat ion o r  a  f u l l y  f i n i s h e d  basement, could be exces s ive  f o r  
some types of occupancy. Therefore  the  continuous v e n t i l a t i o n  
r a t e  can be ad jus t ed  downwards t o  be equa l  t o  an a i r  change r a t e  
of  0.45 ach, However, t h e  i n s t a l l e d  system must be s t i l l  be 
capable  of providing the  t o t a l  unadjusted capac i ty  r equ i r ed  t o  
meet the minimum r a t e  s p e c i f i e d  by the per-room c a l c u l a t i o n .  It 
should be noted t h a t  t h i s  reduc t ion  i s  gene ra l l y  smal l  i n  terms 
of  a c t u a l  a i r f l ow .  For example, i f  a  small  slab-on-grade bungalow 
has seven rooms and a  u t i l i t y  room, t h e  per-room c a l c u l a t i o n  
s p e c i f i e s  a  v e n t i l a t i o n  r a t e  of 45 L/s. This  is  equ iva l en t  t o  
0.54 ach i f  t he  house volume i s  300 m3. Adjust ing the  continuous 
v e n t i l a t i o n  r a t e  t o  t h e  equ iva l en t  of 0.45 ach reduces t he  
r equ i r ed  f low r a t e  t o  37.5 L/s  and does not  include an est imated 
0.05 ach of n a t u r a l  i n f i l t r a t i o n  fo r  R-2000 homes. 

Provis ions  i n  the  gu ide l ines  a l low k i t chens ,  bathrooms, u t i l i t y  
a r e a s  and basements t o  be v e n t i l a t e d  i n d i r e c t l y  with a i r  suppl ied 
from another  room. This  can be used t o  advantage i n  designing a  
v e n t i l a t i o n  system o r  t o  i nc rease  v e n t i l a t i o n  t o  c e r t a i n  rooms 
without  i nc reas ing  the o v e r a l l  v e n t i l a t i o n  r a t e .  For example, 
v e n t i l a t i o n  a i r  f o r  k i tchens  and/or  bathrooms can be provided v i a  
l i v i n g  rooms and bedrooms, providing s t a l e  a i r  is  being exhausted 
from the k i t chens  and bathrooms a t  the v e n t i l a t i o n  r a t e  s p e c i f i e d  
f o r  those rooms. This permits  the use of balanced v e n t i l a t i o n  
equipment such a s  an HRV t o  supply a i r  d i r e c t l y  t o  some rooms 
while exhaust ing a i r  from o t h e r s  t o  meet a l l  v e n t i l a t i o n  
requirements .  

ASHRAE i s  now cons ider ing  r e v i s i n g  Standard 62-81 and basing the 
v e n t i l a t i o n  r a t e  on house volume. The proposed r a t e  of 0.35 ach 
r e f l e c t s  average a i r  change r a t e s  monitored i n  the  i n i t i a l  R- 
2000 demonstrat ion homes [ 3 ]  and is equ iva l en t  t o  t he  average 
v e n t i l a t i o n  r a t e  f o r  t he se  homes c a l c u l a t e d  by t h e  per-room 
procedure s p e c i f i e d  i n  the  new R-2000 gu ide l ines .  The proposed 
r e v i s i o n  t o  the  ASHRAE s t a n d a r d  i s  a t  the d r a f t  s tage .  It should 
be noted t h a t  the  Canadian S tandards  Assoc ia t ion  d r a f t  n a t i o n a l  
s tandard  f o r  r e s i d e n t i a l  v e n t i l a t i o n  is  based on a  per-room 
requirement s i m i l a r  t o  the R-2000 g u i d e l i n e s .  





MAXIMUM PRESSURE DIFFERENCE ACROSS THE BUILDING ENVELOPE 

The R-2000 v e n t i l a t i o n  gu ide l ines  no longer  inc lude  a  s p e c i f i c  
requirement f o r  balanced a i r f l ows  f o r  v e n t i l a t i o n  systems. This  
i s s u e  i s  addressed by spec i fy ing  maximum a l lowable  p re s su re  
d i f f e r e n c e s  between the  i n t e r i o r  and the  e x t e r i o r  of  t he  bu i ld ing  
envelope r a t h e r  than balanced a i r f l ows .  This  w i l l  permit  t he  
i n s t a l l a t i o n  of a  wide range of v e n t i l a t i o n  equipment inc lud ing  
exhaus t -a i r  hea t  pump hea t  recovery systems t h a t  a r e  no t  designed 
t o  opera te  wi th  balanced a i r f l o w s ,  These can now now be  i n s t a l l e d  
i n  R-2000 homes provided exces s ive  pressure  d i f f e r e n c e s  a r e  no t  
c r e a t e d  ac ros s  the  bu i ld ing  envelope. 

Concern about the  consequences of nega t ive  p re s su re  i n  t he  
bu i ld ing  has  been reduced, s i n c e  the new R-2000 Technical  
Requirements do not  a l low t h e  i n s t a l l a t i o n  of n a t u r a l l y  
a s p i r a t i n g  combustion appl iances  for  space and water  heat ing.  
They a l s o  s p e c i f y  t h a t  only well-designed f i r e p l a c e s  and wood 
s toves  wi th  s ea l ed  doors  and a  s e p a r a t e  supply of o u t s i d e  a i r  
d i r e c t l y  t o  t he  f i r ebox  can be i n s t a l l e d .  

However, t h e r e  remains some concern about the  impact of very  high 
nega t ive  p re s su re s  ac ros s  the  bu i ld ing  envelope on the  ope ra t i on  
o f  combustion appl iances  and, i n  some a reas ,  about the  e n t r y  of 
s o i l  gases  i n t o  the house. Therefore ,  t h e  v e n t i l a t i o n  guide- 
l i n e s  have s e t  l i m i t s  f o r  the maximum p re s su re  d i f f e r e n c e  allowed 
ac ros s  the b u i l d i n g  envelope. 

The g u i d e l i n e s  s p e c i f y  an al lowable p re s su re  d i f f e r e n c e  of 10 
pasca l s  (Pa)  during cont inuous ope ra t i on  of t h e  v e n t i l a t i o n  
system and 20 Pa dur ing  the i n t e r m i t t e n t  ope ra t i on  of any 
i n d i v i d u a l  equipment o r  s i n g l e  appl iance  while opera t ing  
s imul taneous ly  wi th  cont inuous ope ra t i on  of t he  v e n t i l a t i o n  
system, For example, an HRV w i th  supply fan shu t  down f o r  
d e f r o s t  o r  a  k i t chen  exhaust  fan might r ep re sen t  t h e  l a r g e s t  
i n t e r m i t t e n t  unbalanced a i r f l o w  i n  a  house, In e i t h e r  case,  on ly  
the  s i n g l e  device  wi th  t h e  l a r g e s t  unbalanced a i r f l o w  i s  
considered,  s i n c e  the  s tandard  assumes t h a t  exhaust dev ices  would 
r a r e l y  ope ra t e  s imul taneous ly ,  

The al lowable p re s su re  d i f f e r e n c e s  a r e  s i g n i f i c a n t l y  h igher  than 
those  which would be considered fo r  convent iona l  homes, where 
n a t u r a l l y  a s p i r a t i n g  combustion appl iances  and open f i r e p l a c e s  
a r e  permit ted.  The CSA d r a f t  r e s i d e n t i a l  v e n t i l a t i o n  requirements  
s tandard  [7 ] sugges t s  an a l lowable  pressure  d i f f e r e n c e  of only 5 
Pa t o  minimize backdraf t ing  problems i n  these  homes. 

Fur ther  monitor ing is  r equ i r ed  t o  determine whether f u r t h e r  
r e s t r i c t i o n s  a r e  necessary  f o r  those a r ea s  with h igh  radon 
concen t r a t i ons .  To da te ,  radon l e v e l s  have been low i n  most R- 
2000 homes ac ros s  Canada. 



7.0 PROVISION OF MAKEUP AIR 

Unbalanced v e n t i l a t i o n  a i r f l o w  w i l l  cause a change i n  t he  
p re s su re  d i f f e r e n c e  ac ros s  the  bu i ld ing  envelope. The magnitude 
of t h i s  change w i l l  be determined by t h e  magnitude of t h e  
unbalanced a i r f l o w  and the a i r  leakage c h a r a c t e r i s t i c s  of t he  
bu i ld ing  envelope. Where unbalanced a i r f l o w s  a r e  l a r g e  and/or  
when a i r  leakage through the  bu i ld ing  envelope is  small ,  
exces s ive  p re s su re  d i f f e r e n c e s  could develop unless  makeup a i r  
from t h e  e x t e r i o r  i s  provided. It was t h e r e f o r e  necessary  t o  
provide procedures f o r  i d e n t i f y i n g  cases  where makeup a i r  would 
be r equ i r ed  and fo r  determining the number and s i z e  of makeup a i r  
i n l e t s  [8 ] .  

Appendix A o f  the g u i d e l i n e s  desc r ibes  t h r e e  methods by which 
program a u t h o r i t i e s  and b u i l d e r s  can determine compliance with 
t he  p re s su re  d i f f e r e n c e  l i m i t s  s p e c i f i e d  i n  the gu ide l ine ,  These 
methods were formulated wi th  the i n t e n t i o n  of avoiding the need 
f o r  expensive a d d i t i o n a l  t e s t s  on the  bu i ld ing  and providing the  
f l e x i b i l i t y  t o  determining compliance a t  both the des ign  and/or  
pos t -cons t ruc t ion  s t ages .  

Manufacturers '  s p e c i f i c a t i o n s  f o r  a i r f l o w  r a t e s  f o r  v e n t i l a t i o n  
fans  and o t h e r  a i r -exhaus t  equipment, when t e s t e d  t o  recognized 
s t anda rds  such as Ashrae 51-75 o r  CSA C260.2-1976, were accepted 
a s  a  means t o  determine maximum a i r f l ows  without  t h e  need t o  
measure a i r f l o w s  f o r  a l l  v e n t i l a t i o n  and a i r  exhaust equipment 
i n s t a l l e d  i n  homes. In  most cases ,  only the minimum continuous 
v e n t i l a t i o n  r a t e  must be confirmed by measurement. 

The envelope a i r  leakage c h a r a c t e r i s t i c s ,  a s  determined by t h e  
f an  d e p r e s s u r i z a t i o n  t e s t  [ 9 ]  performed f o r  a l l  R-2000 homes, was 
recognized a s  s u i t a b l e  source of information f o r  determining 
compliance wi th  the  requirement t h a t  unbalanced a i r f l ows  do not  
r e s u l t  i n  p re s su re s  d i f f e r e n c e s  ac ros s  t he  bu i ld ing  envelope 
exceeding permissable  l i m i t s .  

This  method uses  the  Equiva len t  Leakage Area (ELA) of t he  
bu i ld ing  envelope, obtained by means of the  fan dep re s su r i za t i on  
t e s t ,  t o  determine compliance, The ELA i s  the sum of  a l l  t he  
u n i n t e n t i o n a l  openings i n  a  bu i ld ing  envelope, A c h a r t  has been 
developed which g ives  the r e l a t i o n s h i p  between the bu i ld ing  ELA 
and the maximum al lowable unbalanced a i r f l o w  to  cause 9 10 o r  20 
Pa p re s su re  d i f f e r e n c e  ac ros s  the bu i ld ing  envelope, based on 
the  t y p i c a l  c h a r a c t e r i s t i c s  of R-2000 homes. For bu i ld ings  where 
t h e  ELA i s  i n s u f f i c i e n t  t o  l i m i t  p ressure  d i f f e r e n c e s  t o  10 o r  20 
Pasca l s ,  Table 3 was developed which g ives  the a d d i t i o n a l  ELA 
t h a t  can be provided by i n s t a l l i n g  makeup a i r  i n l e t  duc t s  of 
d i f f e r e n t  s i z e s ,  Duct s i z e s  a r e  based on an e f f e c t i v e  duc t  
l ength  of 25 m. 



TABLE 3 

EQUIVALENT LEAKAGE AREA (ELA) PROVIDED BY 
INLET DUCTS OF VARIOUS DIAMETERS 

DUCT DIAMETER 
mm ( i n . )  

ELA PROVIDED 
(m2 

A second o p t i o n  involves  determining a t  the  design s t a g e ,  t he  
s i z e  of makeup a i r  i n l e t  which w i l l  provide enough makeup a i r  t o  
l i m i t  p r e s su re  d i f f e r e n c e s  caused by unbalanced a i r f l o w s  f o r  
those  ca se s  where fan d e p r e s s u r i z a t i o n  test da t a  a r e  no t  known o r  
where t h e  b u i l d e r  wishes t o  des ign  fo r  t he  worst case.  A t a b l e  
was developed, Table 4,  which i n d i c a t e s  the  s i z e  of makeup a i r  
i n l e t  duc t s  r equ i r ed  f o r  l i m i t i n g  p re s su re s  d i f f e r e n c e s  t o  10 and 
20 Pa f o r  va r ious  unbalanced a i r f l ows ,  This  t a b l e  assumes a  
minimal amount of leakage through the  bu i ld ing  envelope. Duct 
s i z e s  a r e  a l s o  based on an e f f e c t i v e  duct  l ength  of 25 m (75 f t ) .  

TABLE 4 

SIZE OF MAKEUP A I R  INLET DUCTS WHERE THE EQUIVALENT 
LEAKAGE AREA OF THE BUILDING ENVELOPE IS NOT KNOWN 

Unbalanced Ai r f  low Required Makeup A i r  I n l e t  

Continuous I n t e r m i t t e n t  Duct Diameter 
L /S  ( c h )  L/s  (cfm) mm ( i n . )  

The t h i r d  method determines compliance by means of a  t e s t  t o  
measure p re s su re  d i f f e r e n c e s  ac ros s  the bu i ld ing  envelope. This  
t e s t  is normally only used f o r  b o r d e r l i n e  cases ,  s i n c e  the  ELA o f  
a  bu i ld ing ,  a s  determined by the fan dep re s su r i za t i on  test,  can 
be d i r e c t l y  r e l a t e d  t o  the maximum al lowable unbalanced a i r £  low 
a t  10 o r  20 Pa. The instruments  r equ i r ed  f o r  t h i s  test  a r e  the  
same a s  those used fo r  measuring cont inuous v e n t i l a t i o n  r a t e s  i n  
homes. 



To a s s i s t  b u i l d e r s  a t  the  des ign  s tage ,  a  r o u t i n e  i n  the  R-2000 
energy a n a l y s i s  program (HOT-2000) e s t i m a t e s  the ELA o f  t h e  
house and t h e  al lowable unbalanced a i r f l o w  a t  10 o r  20 Pa 
p re s su re  d i f f e r e n c e  before  makeup a i r  would be requi red ,  This  is 
based on fan d e p r e s s u r i z a t i o n  test r e s u l t s  from 250 R-2000 homes. 

Experience wi th  e x i s t i n g  R-2000 homes has shown t h a t  the  average 
R-2000 Home would r e q u i r e  a  makeup a i r  i n l e t  when unbalanced 
a i r f l o w  exceeds 50 L/S  f o r  continuous ope ra t i on  and 70 L / S  f o r  
i n t e r m i t t e n t  ope ra t i on ,  

It should be noted t h a t  t he re  a r e  s epa ra t e  codes and requirements  
f o r  t he  supply of o u t s i d e  a i r  f o r  combustion t o  a l l  f u e l - f i r e d  
space and water  hea t ing  equipment, inc lud ing  wood-burning 
appl iances  such a s  f i r e p l a c e s .  Therefore  the  v e n t i l a t i o n  
gu ide l ines  do no t  provide information on combustion a i r  i n l e t  
requirements  f o r  combustion equipment, nor can combustion a i r  be 
used a s  makeup a i r  f o r  unbalanced v e n t i l a t i o n  equipment. The 
supply of  combustion a i r  f o r  f u e l - f i r e d  appl iances  is a  s epa ra t e  
requirement from supplying makeup a i r  f o r  v e n t i l a t i o n  equipment 
t o  c o n t r o l  p r e s su re s  d i f f e r e n c e s  across  the bu i ld ing  envelope. 

8.0 COMPLIANCE WITH VENTILATION REOUIREMENTS 

For compliance and in spec t ion  purposes,  t he  gu ide l ines  r e q u i r e  
t h a t  flow-measuring devices  o r  sensors  be permanently i n s t a l l e d  
i n  the supply and/or exhaust  duc t s  of the mechanical v e n t i l a t i o n  
system i n  l o c a t i o n s  t h a t  a l low the continuous v e n t i l a t i o n  r a t e  t o  
be a c c u r a t e l y  measured. The sensors  w i l l  a l s o  permit i n spec to r s  
t o  qu ick ly  v e r i f y  t h a t  r equ i r ed  a i r f l ows  a r e  being provided and 
w i l l  a l low a i r f l o w s  to  be checked simply and inexpensively dur ing  
s e r v i c e  v i s i t s .  

Appendix B o f  the gu ide l ines  g ives  information on l o c a t i n g  and 
i n s t a l l i n g  s enso r s  i n  ductwork as i l l u s t r a t e d  i n  Figure 3 and 
procedures t o  measure a i r f l ows  accu ra t e ly .  

Where k i t chen  and bathroom fans a r e  used f o r  i n t e r m i t t e n t  
v e n t i l a t i o n ,  t he  r a t e d  capac i ty  would normally be accepted, 
though it i s  recognized t h a t  the  a c t u a l  i n s t a l l e d  a i r f l o w s  could 
be lower than those spec i f i ed .  The i s sue  of i n s t a l l e d  a i r f l ows  
which a r e  lower than r a t e d  a i r f l ows  w i l l  be addressed i n  planned 
r e v i s i o n s  t o  e x i s t i n g  s t anda rds  governing the  r a t i n g  of fans and 
v e n t i l a t o r s .  Where the i n s t a l l a t i o n  appears t o  be d e f i c i e n t ,  an 
i n spec to r  may wish t o  have conf i rmat ion  t h a t  the  i n s t a l l a t i o n  
meets the i n t e n t  of the  requirements.  

The gu ide l ines  a l s o  spec i fy  t h a t  a  r e p o r t  must be completed by a  
c e r t i f i e d  i n s t a l l i n g  c o n t r a c t o r  s t a t i n g  t h a t  the  v e n t i l a t i o n  
requirements  have been met. 
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9.0 ACCEPTABLE V E N T I L A T I O N  SYSTEM CONFIGURATIONS 

The g u i d e l i n e s  s p e c i f y  t he  v e n t i l a t i o n  performance t o  be 
achieved r a t h e r  than p r e s c r i b e  c e r t a i n  con£ i g u r a t i o n s  . In  many 
houses a  s i n g l e  c e n t r a l  system, such as  an HRV, is  a b l e  t o  meet 
a l l  the  v e n t i l a t i o n  requirements.  I n  o t h e r s  i t  may be d e s i r a b l e  
t o  use more than one component. For example, s e p a r a t e  fans  can 
be used t o  meet s p e c i f i c  i n t e r m i t t e n t  exhaust  requirements when 
i t  is d i f f i c u l t  t o  exhaust  through a  c e n t r a l  system o r  when there  
is i n s u f f i c i e n t  capac i ty  t o  meet program requirements.  

The g u i d e l i n e s  r e q u i r e  t h a t  each room i n  the house be suppl ied  
wi th  v e n t i l a t i n g  a i r .  This  can be achieved by a  s e p a r a t e  ducted 
v e n t i l a t i o n  system or  by an e x i s t i n g  forced-air  hea t ing  system 
providing i t  is designed t o  c i r c u l a t e  a i r  cont inuously throughout 
t he  house. 

The g u i d e l i n e s  a l s o  permit an i n s t a l l e r  t o  use dampers i n  the  
duc t  work o r  o the r  a i r f l o w  c o n t r o l  dev ices  t o  swi tch  the  same 
a i r f l o w  used f o r  i n t e r m i t t e n t  exhaust  between d i f f e r e n t  bathrooms 
when the re  i s  i n s u f f i c i e n t  capac i ty  t o  meet a l l  i n t e r m i t t e n t  
exhaust  requirements  s imultaneously.  

Since the g u i d e l i n e s  a l low k i t chens ,  bathrooms, u t i l i t y  a r ea s  and 
basements t o  be v e n t i l a t e d  i n d i r e c t l y  with a i r  suppl ied  v i a  
another  room, t h e  b u i l d e r  can inc rease  the supply of v e n t i l a t i o n  
a i r  t o  such a r ea s  a s  l i v i n g  rooms and bedrooms t o  more than the  
minimum of 5 L / S ,  whi le  exhaust ing s t a l e  a i r  from k i tchens  
and/or  bathrooms. This  permits  the e f f e c t i v e  use of balanced 
v e n t i l a t i o n  equipment, such a s  H R V s ,  t o  supply v e n t i l a t i o n  a i r  
d i r e c t l y  t o  some rooms while exhaust ing s t a l e  a i r  from o t h e r  
rooms. 

While a  balanced hea t  recovery v e n t i l a t o r  (HRV) i s  s t i l l  viewed 
a s  an e f f e c t i v e  means of meeting the R-2000 energy consumption 
t a r g e t ,  a l t e r n a t i v e  approaches,  such a s  recovering hea t  from 
s t a l e  exhaust  a i r  f o r  domestic water hea t ing ,  can now be used. 
For homes wi th  high l e v e l s  of i n s u l a t i o n  which use p a r t i c u l a r l y  
ene rgy -e f f i c i en t  hea t ing  systems such a s  hea t  pumps, t he  
v e n t i l a t i o n  requirements  could be met by one or  more convent iona l  
exhaust  f ans ,  providing the R-2000 energy consumption t a r g e t  is 
achieved. Appendix C of  the g u i d e l i n e s  provides i l l u s t r a t e d  
examples of s u i t a b l e  v e n t i l a t i o n  system conf igu ra t i ons .  

1OmO CONCLUSIONS 

The new R-2000 V e n t i l a t i o n  Guidel ines  a r e  the most comprehensive 
requirements  developed t o  da t e  fo r  the v e n t i l a t i o n  of r e s i d e n t i a l  
bu i ld ings  i n  Canada. They at tempt  t o  address  a  wide range of 
i s s u e s  r e l a t e d  t o  a i r  q u a l i t y  and the design,  i n s t a l l a t i o n  and 
compliance of  v e n t i l a t i o n  sys  tems. 



The types of  balanced v e n t i l a t i o n  sys  t e m s  wi th  hea t  recovery 
which have become commonplace i n  R-2000 homes remain a t t r a c t i v e  
and al lowable under t he  new v e n t i l a t i o n  gu ide l ines  bu t  a  f a r  
g r e a t e r  range of des ign  p o s s i b i l i t i e s  has been opened up f o r  
b u i l d e r s .  

Although the gu ide l ines  r ep re sen t  a  major milestone,  f u r t h e r  work 
i s  underway t o  develop and r e f i n e  n a t i o n a l  consensus s tandards  
f o r  v e n t i l a t i o n  requirements  and equipment. Experience gained 
from the use of the new g u i d e l i n e s  and d a t a  gathered from an 
ongoing monitor ing and e v a l u a t i o n  program w i l l  determine whether 
any ref inements  w i l l  be necessary  i n  the fu tu re .  
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