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The R-2000 Super Energy-Efficient Home Program i s  a co- 
operative industry/government in i t i a t ive  sponsored by 
Energy, Mines and Resources Canada (EMR)  and delivered by 
the Canadian Home B u i  1 ders' Associ a t i  on. The program 
supports building industry development, training of builders 
and the construction of energy-efficient houses incorpor- 
ating high levels  of insulation, a well sealed a i r  barr ier  
and mechanical venti 1 a t i  on systems with heat recovery. 

In 1983, w i t h  assistance from the Buildings Energy 
Conservation Sub-Commi t t e e  (B.E.C.S. ), EMR embarked on a 
f i e ld  monitoring program which included a i r  qual i ty and 
ventilation system test ing of approximately 300 R-2000 super 
energy-efficient demonstration homes and a sample of control 
homes that  ref1 e c t  conventional building practice. B.E.C.S. 
i s  responsible for general federal funds allocation i n  the 
area of energy conservation research and development. 

This paper reviews the ventil ation system requirements for 
R-2000 Homes and compares these requirements w i t h  ASHRAE 
Standard 62-81, the measured airflow capacities of the 
instal  led heat recovery vent i la tors  and the average a i r  
change ra tes  for homes using the Capillary Adsorption Tube 
Sampling (CATS) procedure. The CATS procedure, developed a t  
the Brookhaven National Laboratory, uses a passive t racer  
gas source that  emits a perfluorocarbon tracer (PFT) gas and 
a passive a i r  change sampler that  co l l ec t s  the emitted 
tracer gas during a 30 day t e s t  period. 

The paper concludes t h a t  the response to  the program i s  
favourabl e;  R-2000 Homes are  generally performing w i t h i n  the 
tolerances of the program c r i t e r i a  and a i r  qual i ty in R-2000 
Homes compares favourably with conventional homes. 
Formaldehyde levels  in R-2000 and control homes were 
identical and well below the Health and Welfare Canada 
guideline of 0.1 ppm. The average a i r  change rates  were 42% 
higher i n  R-2000 Homes then in control homes. On average, 
the measured capacity of ventilation systems met program 
c r i t e r i a  b u t  the systems generally were not balanced. 

Further refinements t o  technical c r i t e r i a  and compl iance 
requirements are  under development t o  ensure quality 
assurance and to provi de maximum f l  exi b i l  i ty  t o  accommodate 
a variety of ventilation s t rategies .  

1, INTRODUCTION 

In 1980, Energy, Mines and Resources Canada i n  cooperation 
with the Canadian Home Builders' Association ( C H B A )  
established the R-2000 Super Energy-Efficient Home (SEEH) 
Demonstration Program for the construction of homes to  the 
R-2000 energy performance ta rge t  and technical c r i t e r i a .  The 
ini t i  a1 demonstrati on program was recently extended to  1990. 



R-2000 Homes are cha rac te r i zed  by high 1 eve1 s o f  insu l  a t i on ,  
c o n t r o l  l e d  a i r  leakage through improved a i r  b a r r i e r  
techniques, mechanical v e n t i l  a t i o n  coup1 ed w i  t h  heat  
recovery, improved h e a t i  ng systems and, where possi  b l  e, 
u t i  1 i z a t i o n  o f  passive sol a r  energy. Program emphasis was 
p laced on i n d u s t r y  development, t r a i n i n g  and educat ion 
programs f o r  the  indus t ry ,  p u b l i c  awareness and moni to r ing  
and eval u a t i o n  . 
Since 1980 the  R-2000 Home Program has become an impor tan t  
c a t a l y s t  i n  t h e  e v o l u t i o n  o f  e n e r g y - e f f i c i e n t  housing 
technology through: t h e  development o f  standard performance 
requirements; t h e  development o f  consensus standards f o r  
products and equipment; t h e  es tab l  i shment o f  improved 
i nspec t i on  and compl i ance procedures; t h e  imp1 ementati on o f  
f i e 1  d mon i to r ing  a c t i v i t i e s ;  and, the support o f  1 aboratory 
t e s t i n g  o f  products and equipment i n  order  t o  p rov ide  
q u a l i t y  assurance f o r  R-2000 Hones. 

These a c t i v i t i e s  have a1 so prov ided d i r e c t i o n  f o r  
improvements t o  areas o f  housing technology t h a t  apply t o  
convent ional housing. I n  p a r t i c u l a r ,  the program has chosen 
t o  deal w i t h  v e n t i l a t i o n  and a i r  q u a l i t y  issues t h a t  a l s o  
apply d i r e c t l y  t o  convent ional housing u n i t s .  A1 though 
c u r r e n t  standards and gu i  del ines  i n d i c a t e  des i red  
v e n t i l a t i o n  r a t e s  f o r  a1 1 r e s i d e n t i a l  b u i  1 dings, few new 
convent ional r e s i d e n t i a l  b u i l d i n g s  i n  Canada c ns i  s t e n t l y  P comply w i t h  recognized ASHRAE Standard 62-81 minimum 
v e n t i  1 a t i o n  requirements or  have the capabi 1 i t y  t o  p rov ide  
an adequate i n t e r m i t t e n t  maximum v e n t i l a t i o n  capaci t y  when 
demanded by occupants. Th i s  i s  n o t  su rp r i s i ng ,  s ince  
r e s i d e n t i a l  b u i l d i n g  codes do n o t  requ i re  the  cont inuous 
opera t ion  o f  who1 e house mechanical ven t i  1 a t i o n  systems o r  
r e q u i r e  t h a t  v e n t i l a t i o n  a i r  be suppl ied throughout t h e  
house. The R-2000 Program Technical C r i t e r i a  i nc l  ude 
such requirements. 

To date, t h e r e  are only  400 r e g i s t e r e d  R-2000 demonstration 
homes b u i l t  across Canada desp i te  the f a c t  t h a t  there  i s  
considerable p u b l i c  i n t e r e s t  and many b u i l d e r s  want t o  b u i l d  
a greater  number o f  u n i t s .  Large volume const ruc t ion  w i l l  
n o t  proceed u n t i l  adequate inspect ion ,  t e s t i n g  and qua1 i t y  
assurance procedures e x i s t  throughout the  indus t ry .  

2, TECHNICAL REQUIREENTS FOR R-2000 HOMES 

The R-2000 Program Technical c r i t e r i a 2  are  bas i ca l  l y  
per formance-or i e n t e d  and n o t  p r e s c r i p t i v e .  The energy 
consumption t a r g e t  can r e s u l t  i n  a 50 t o  80 percent  
reduc t ion  i n  energy consumption as determined by the HOTCAN 
computerized energy a n a l y s i s  progray developed by t h e  
Nat ional  Research Counci l  o f  Canada . The performance 
approach encourages b u i l d e r s  t o  t r e a t  the  whole house as a 
system us ing  the  bes t  combinat ion o f  features and opt ions  t o  
s u i t  t h e i r  p a r t i c u l a r   circumstance^ 



The techn ica l  c r i t e r i a  a l so  i nc lude  the requirement t h a t  the 
a i r t i g h t n e s s  o f  t h e  b u i l d i n g  envelope n o t  exceed 1.5 a i r  
changes per  hour (ACH) a t  50 Pascals pressure d i f f e r e n c e  
when t e s t e d  i n  accordance w i t h  the R-2000 t e s t  procedure, 
This  procedure i s  based on the  p re l im ina ry  Canadian General 
Standards Board d r a f t  standard f o r  t e s t i n g  the  equ iva len t  
leakage area o f  homes . T h i s  p r o v i s i o n  helps p r o t e c t  t h e  
bu i  1 d ing  envelope from p o t e n t i  a1 moisture damage and permi ts  
the  e f f i c i e n t  ope ra t i  on o f  bal anced Heat Recovery 
V e n t i l a t o r s  ( a l s o  known as a i r - t o - a i r  heat  exchangers), 

Other speci f i c  techn ica l  c r i t e r i a  were es tab l  i shed p r i m a r i l y  
f o r  h e a l t h  and s a f e t y  reasons. I n  p a r t i c u l a r ,  these 
requirements i nc lude  p r o v i  s i  on f o r  a  c o n t r o l  1  ed mechanical 
v e n t i l a t i o n  system which ensures adequate a i r  qual i t y ;  
se l  e c t i  on o f  combusti on appl i ances which prevent  acc identa l  
backdraf t ing;  and, p rov i s ions  t o  prov ide rep1 acement a i r  f o r  
appl iances such as c lo thes  dryers, c e n t r a l  vacuums, k i t chen  
fans and combustion equipment which exhaust a i r  t o  t he  
outside. 

As the program evolves, cons iderab le  e f f o r t  i s  being devoted 
t o  the ref inement  o f  these c r i t e r i a  by p rov id ing  support f o r  
the  es tab l  i shment o f  consensus standards through e x i s t i n g  
na t iona l  standards w r i t i n g  organ iza t ions  such as the  
Canadian Standards Assoc ia t ion  (CSA) and by support ing t h e  
development o f  t h e  products, equi pment and sk i1  1  s  necessary 
f o r  qual i t y  assurance, 

VEMTILATHON REQUIREHEWS FOR R-2080 HWES 

Given t h e  l a c k  o f  standards or  experience i n  Canada 
regard i  ng mechanical v e n t i  1  a t i o n  requirements f o r  
r e s i d e n t i a l  bu i l d ings ,  t h e  Swedish standard o f  0.5 ACH was 
adopted as t h e  Ti-2000 c r i t e r i o n  for the  minimum i n s t a l  l e d  
mechanical 5ven t i  1  a t i o n  system capabi 1 i t y  requ i red  i n  a1 1  Ti- 
2000 Homes . 
The techn ica l  c r i  t e r  i a  r e q u i r e  the house v e n t i l a t i o n  system 
t o  ma in ta in  a  neut ra l  pressure - ne i the r  f o r c i n g  househol d  
a i r  i n t o  the wa l l  s t r u c t u r e  nor drawing products from the  
b u i l d i n g  s t r u c t u r e  i n t o  t h e  a i r  o f  t h e  occupied space. 

Although negat ive pressures a re  f requent ly  viewed as 
b e n e f i c i a l  w i  t h  respect  t o  avo id ing  moi s t u r e  problems i n  
s t ruc tu res ,  they  can in f luence the d i f f us ion  o f  pol  l u t a n t s  
from the  b u i l d i n g  s t r u c t u r e  o r  from s o i l s  i n t o  the basement, 
By opera t ing  t h e  house c lose  t o  neut ra l  pressure and by 
i n s t a l l  i ng a  cont inuous a i r  b a r r  i e r  , p o t e n t i a l  problems are 
m i  nimi zed, 



I n  order  t o  ensure neut ra l  pressure a t  a1 1 times, make-up 
a i r  must be provided t o  rep lace a i r  exhausted by c e n t r a l  
vacuum cleaners, k i t c h e n  exhaust fans, c lo thes  dryers, and 
other  a i r -exhaust  appl iances whose opera t ion  may induce 
negat ive pressures i n  t h e  house. Th is  must be done 
separate ly  from the  c e n t r a l  mechanical v e n t i l a t i o n  system. 

F igure  1 represents a recommended i n s t a l l a t i o n  f o r  a whole 
house v e n t i l a t i o n  d i s t r i b u t i o n  system i n s t a l  l e d  i n  a home 
w i t h  perimeter r a d i a n t  hea t ing  w h i l e  F igu re  2 i l l u s t r a t e s  a 
t y p i c a l  system us ing an e x i s t i n g  forced a i r  d i s t r i b u t i o n  
system. 

As a r e s u l t  o f  the  i n i t i a l  f i e 1  d moni t o r i n g  and labo ra to ry  
t e s t i n g  o f  t h e  Heat Recovery V e n t i l a t o r s  (HRVs) which a re  
used i n  v i r t u a l l y  a1 1 R-2000 Homes, s i g n i f i c a n t  ref inements 
cont inue t o  be made t o  the  i n i t i a l  c r i t e r i a  t o  ensure 
qua1 i ty assurance. Refinements under development, beyond the  
i n i t i a l  s p e c i f i c a t i o n  f o r  a minimum i n s t a l l e d  capaci ty  f o r  a 
v e n t i l a t i o n  system, i n c l u d e  the establ ishment o f  a minimum 
continuous v e n t i l a t i o n  r a t e  o f  5 1/s t o  be de l ivered t o  each 
room based on ASHRAE Standard 62-81, 

Spec i f i ca t i ons  are being developed f o r  acceptable manual o r  
automatic c o n t r o l  s t r a t e g i e s  t o  increase v e n t i l a t i o n  r a t e s  
t o  maximum capac i ty  t o  hand1 e moisture and contaminants 
sources when the  need ar ises .  The r e v i  sed speci f i c a t i  ons 
woul d a1 so pe rm i t  g reater  f 1 e x i  b i  1 i ty when i n s t a l  1 i ng 
v e n t i l a t i o n  systems, i n c l u d i n g  the p o s s i b i l  i ty o f  dual o r  
separate v e n t i  1  a t i o n  elements (one f o r  cont inuous minimum 
operat ion and one f o r  i n t e r m i t t e n t  maximum capac i ty )  w i t h i n  
the  system. 

The Program i s  a l so  cons ider ing  a requirement f o r  
permanently i n s t a l  1 ed a i r f l o w  sensors i n  the  v e n t i l a t i o n  
system t o  provide a simple means f o r  balancing, inspect ing ,  
moni to r ing  and main ta in ing  the  v e n t i l a t i o n  system, 

Recent ref inements i nc lude  a p r o v i s i o n  t h a t  no longer  
permi ts  n a t u r a l l y  asp i  r a t i n g  space and wa t e r  hea t ing  
equipment t o  be i n s t a l l e d  i n  R-2000 Homes, i n  order t o  avoid 
p o t e n t i a l  problems concerni ng backdra f t ing  or  s p i l l  age o f  
combustion products. 

Support has a l s o  been prov ided t o  Canadian Standards 
Assoc ia t ion  (CSA) f o r  t h e  development o f  p re l  im igary  
standards f o r  t e s t i n g  and r a t i n g  the performance of HRVs 
and the development o f  HRV i n s t a l  1 a t i o n  guide1 ines  . Support 
inc ludes the  t e s t i n g  o f  HRV equipment against  the  
p r e l  i i n a r y  CSA standard by the  Ontar io Research Foundation B (ORF) . The r e s u l t s  o f  b o t h  the CSA and ORF work have 
a1 ready been incorpora ted i n t o  t h e  R-2000 Program 
requirements. 



A national t ra ining program for instal  1 e r s  has been 
developed and impl emented by the Hgati ng, Ref r igerat i  ng and 
Air Conditioning Ins t i tu te  (HRAI) t o  t ra in  contractors t o  
design and ins ta l la t ion  of H R V  systems according to  the new 
instal  la t ion  guide1 ines. 

A national technical advi sory committee representing 
interested and concerned groups has been established to  
refine program c r i t e r i a  t o  ensure t h a t  R-2000 Homes 
continue to  represent a high quality product which meets or 
exceeds a1 1 accepted good b u i  1 d i  ng practice. 

The following represents a summary of resu l t s  from a number 
of f ie ld  monitoring a c t i v i t i e s  related to  the performance of 
ventilation systems instal  1 ed in R-2000 Homes. 

WMITORIWG PROCEDURES 

4.1 Background 

In 1983, Energy, Mines and Resources Canada and the 
Buildings Energy Conservation Sub-Commi t t e e  (B.E.C.S. ), 
which i s  composed of representatives from Health and Welfare 
Canada, National Research Council of Canada, Public Works 
Canada, Canada Mortgage and Housing Corporation, and Indian 
and Northern Affai us, establ ished an advisory committee to  
review and approve funds and monitoring procedures for an 
extensive R-2000 f i e ld  monitoring program for  1983-84 and 
subsequent years. 

The i n i t i a l  monitoring program was general i n  scope, 
concentrated on indoor ai r qua1 i ty and ventil ation tes t ing  
which included a l l  R-2000 Homes and a sample of conventional 
control homes. Further detai 1 ed monitoring studies w i  11 be 
defined and undertaken during subsequent years depending on 
the i n i t i a l  resul t s  of the general f i e l d  monitoring 
program. 

The control homes were recently constructed by R-2000 
builders using similar building materials as R-2000 Homes 
b u t  not constructed to  R-2000 i nsul ation, airt ightness and 
ventilation requirements. 

The monitoring a c t i v i t i e s  were impl emented by technicians i n  
EMR regional off ices  located in each province and t e r r i to ry  
in Canada. Individuals from each of these offices were 
trained i n  the specif ics  of a i r  quality tes t ing,  
questionnaire completion and energy metering. Laboratory 
and f i e l d  support was provided by the Ontario Research 
Foundation (ORF), regional engineering firms and several 
laboratories i n  Canada and the U.S.A. 

Fie1 d equipment was selected af te r  laboratory evaluation and 
f i e ld  tes t ing products for ease of use, accuracy, response 
time and sens i t iv i ty ,  fie1 d durabili ty and cost. 



An extensive 200 page monitoring manual has been prepared 
for f i e l d  technicians on a l l  aspects of the monitoring 
program including administrative procedures, home occupant 
1 i a i  son, questionnaire compl etion, a i r  qua1 i ty monitoring 
procedures, ventilation system testing, energy metering and 
procedures for remedial measures. 

A micro-computer based technical data base has been 
developed and is linked to  a s t a t i s t i ca l  program to analyse 
a1 1 program technical information. 

Detailed background information for each R-2000 Home was 
provided by the builder upon completion of the home. This 
included a s e t  of construction plans. Builder final reports 
described the building envelope character is t ics ,  mechanical 
systems, incremental costs  of construction, consumer 
response and at t i tudes,  and airt ightness t e s t  resul ts. In 
addition, a HOTCAN computer energy analysis was performed on 
each home t o  predict monthly energy consumption for each 
dwelling. House surveys by regional technicians provided 
supplementary information dur ing s i t e  v is i t s .  Where 
possible, similar information was gathered on a sample of 
comparative control homes. 

Tab1 e 1 provides general information on the construction 
character is t ics  of both R-2000 and control homes. 

4,2 Venti 1 ation Compl i ance Testing 

The required venti 1 ation capacity for a1 1 R-2000 Homes was 
determined a t  the building plans examination stage where the 
inter ior  heated volume of the house (including any basement 
area) was cal cul ated and the required venti 1 ation capaci ty 
was determined according to  the program requirement of 0.5 
ACH I 

A1 1 R-2000 Home construction pl ans were reviewed and the 
minimum ASHRAE ventilation r a t e  calcul ated based on 5 11s 
per habitable room. Combined rooms such as livingldining or 
dininglki tchens were regarded as individual rooms* For 
basement and ut i l  i t y  areas 10 11s was used for the calcula- 
tion since these areas were not specified i n  ASHRAE 62-81. 

HRV t es t ing  included the measurement of airflow rates and 
s t a t i c  pressures to  determine compl iance w i t h  the R-2000 
program ventilation c r i t e r i a  of 0.5 ACH and to  identify and 
document ins ta l la t ions ,  equipment sizing and control 
se tti ngs . 
Airflow t e s t s  were performed on both the supply a i r  stream 
and the exhaust a i r  stream using a TSI Model 1650 Air 
Velocity Meter. External s t a t i c  pressure measurements were 
performed using a Dwyer 2000-0 Magnahelic Differential 
Pressure Gauge and Probe. These were used to  derive airflows 
from specific fan curves for each HRV.  



The HRV tes t ing was conducted a t  the normal homeowner 
operating se t t ings  and a t  the high speed capacity of the 
unit. The measurements provided only a general approximati on 
of the ventilation system performance and were not be used 
for any rating purposes concerning the thermal performance 
of the different  H R V s .  

4.3 Air Change Rate Monitoring 

The average a i r  change ra te  of the house over time was 
determi ned using a technique developed a t  Brookhaven 
National Laboratory, knowyoas the Capilliary Adsorption Tube 
Sampling (CATS) procedure The technique was developed to 
monitor the a i r  change ra te  i n  residential buildings over a 
prolonged period of time. Calibrated a i r  change sources emit 
a perfluorocarbon iner t  t racer  (PFT)  gas while passive a i r  
change sampl er s col 1 ec t the emi t ted tracer gas. 

Four sources were ins ta l led  on exterior walls and four 
samplers were instal led on inter ior  parti t ion walls for a 30 
day t e s t  period when a1 1 were operated under normal 
conditions. Gas chromography of the collected tracer gas 
was conducted upon each of the samplers and information 
obtained on temperature, house volumes, and wind conditions 
during the  t e s t  period was used to  determine the a i r  change 
rate  of the home. 

Sulphur hexafl uoride (SF6 ) measurements were completed i n  a 
limited sample of R-2000 and control homes as a further 
indicator of the average a i r  change rate  i n  the homes and as 
a cross reference to  the CATS 30 day average a i r  change ra te  
measurement resul t s .  The SF6 measurement procedures 
conformed closely to  those described bylTamura and Evans of 
the National Research Council of Canada 

The SF6 tracer gas was injected into the forced a i r  
distribution system or direct ly  into the a i r  space. Floor 
fans were u t i l ized  for tracer gas mixing to  minimize the 
length of the t e s t  and to  aid i n  d is t r ibut ing the gas. 

Three sampling s i t e s  were required for each home: basement 
a i r  space, ground floor main I iving area and second storey 
area (second ground floor point for bungalows). Six a i r  
samples were collected a t  ten minute intervals  a t  each 
sample s i t e .  

The SF6 test ing was conducted while the ventilation system 
was operating a t  maximum capacity and a l l  exhaust 
fans/equipment operating; while the ventil ation system was 
operating a t  normal se t t ing  (low speed) or exhaust fans 
were operating in such a manner as determined by the 
homeowner; and, w i t h  a1 1 ventilation and exhaust 
fans/equipment shut off except for furnace recirculating 
fans i f  the system was designed to operate continuously, 



4.4 Formaldehyde Mon i to r i ng  

Formal dehyde gas mon i to r i ng  was performed i n  R-2000 and 
comparative con t ro l  homes approximately s i x  months f o l  1 owing 
cons t ruc t i on  t o  determi ne t h e  impact o f  t h e  v e n t i  1 a t i o n  
systems upon t h e  concent ra t ions  and d i s t r i b u t i o n  o f  
formal dehyde gas. 

The EMR reg iona l  o f f i c e  techn ic ians  i n s t a l  1 ed dosimeters 
purchased from Dupont de Nemours (Wilmington, Delaware) i n  a 
l i v i n g  and s leep ing area i n  each o f  the R-2000 and c o n t r o l  
homes bu i  1 t by R-2000 b i 1 der s . 
The formaldehyde dosimeters were i n s t a l  l e d  dur ing  the  e a r l y  
spr ing  months when wind induced na tu ra l  v e n t i l a t i o n  i s  
reduced and b u i l d i n g  mater i  a1 s are  thawing (thereby poss ib ly  
re1 easi ng increased q u a n t i t i e s  o f  moi s tu re  and 
formaldehyde ), 

Three formaldehyde dosimeters were i n s t a l l e d  i n  each home 
f o r  seven days: one i n  t h e  bedroom, one i n  a c e n t r a l  
l o c a t i o n  and one remaining unexposed t o  serve as a 
labora tory  con t ro l  u n i t .  Temperature and humidi ty  
measurements were taken a t  the  th ree i n s t a l l a t i o n  l o c a t i o n s  
t o  determine t h e  i n i t i a l  environmental cond i t i ons  o f  
exposure. The dosimeters where then sent t o  I.E.C. Beak 
Laborator ies, Mississaugua, f o r  labora tory  ana lys is  a f t e r  
t he  seven day exposure period. 

MORIITORING RESULTS 

5.1 V e n t i l a t o r  System Compliance Tes t ing  

The R-2000 Program r e q u i r e s  t h a t  t he  house v e n t i l a t i o n  
system be capable o f  supp ly ing  0.5 ACH capaci ty .  
Approximately 98% o f  the b u i l  ders selected a v e n t i l a t i o n  
system w i t h  s u f f i c i e n t  design a i r f l o w  capac i t y  t o  meet t h i s  
spec i f i ca t i on ,  based on manufacturers' product  i n fo rma t ion  . 
A l l  R-2000 Homes incorpora ted an HRV as t h e  prime 
v e n t i l a t i o n  system. Only one comparative home had a 
continuous ven t i  1 a t i o n  system, 

Table 2 i n d i c a t e s  t h a t  on average the measured i n s t a l  l e d  
v e n t i l a t i o n  capac i t y  i n  R-2000 Homes d i d  meet the  program 
c r i t e r i a .  The measured mean mechanical v e n t i l a t i o n  system 
capaci ty  was equ iva lent  t o  0.50 ACH f o r  f i e 1  d i n s t a l  1 a t ions .  

The a d d i t i o n  o f  na tu ra l  a i r  leakage o f  .05 ACH based on t h e  
average a i r t i g h t n e s s  o f  0.85 ACH a t  50 Pascals f o r  R-2000 
homes increases the  average v e n t i  1 a t i o n  capaci ty  t o  beyond 
the  program's requirement o f  0.5 ACH. There was s i g n i f i c a n t  
v a r i a t i o n  around the  mean. 



General l y  , small e r  s i z e  homes met the program requirements 
wh i l e  some l a r g e r  homes f a i l e d  t o  meet the  0.5 ACH ta rge t ,  
This r e s u l t  r e f l e c t e d  the  l ack  o f  HRVs w i t h  s u f f i c i e n t  
capac i ty  t o  meet the  requirement f o r  an i n s t a l  l e d  capac i t y  
o f  0.5 ACH i n  l a r g e  homes. 

The mean measured capac i ty  was 43% higher than the minimum 
recommended a i r  change r a t e  based on ASHRAE Standard 62-81 
which averaged 0.35 ACH f o r  t h e  R-2000 Homes. The measured 
capaci ty  o f  v e n t i  1  a t i o n  systems exceeded the  ASHRAE m i  nimum 
v e n t i l a t i o n  r a t e  i n  95% o f  R-2000 homes (273 o u t  o f  283 
homes). The average ASHRAE recommended minimum v e n t i l a t i o n  
r a t e  f o r  a1 1 R-2000 Homes was 50 11s. 

The resul t s  a1 so i nd i ca ted  a p o t e n t i a l  c o n f l i c t  between t h e  
R-2000 Program requirement f o r  0.5 ACH capac i ty  and t h e  
ASHRAE 62-81 per  room m i  nimum v e n t i l a t i o n  requirements. 
Larger homes t h a t  were s ized t o  the  0.5 ACH capac i ty  f a r  
exceeded t h e  average minimum a i r  change r a t e  based on 
ASHRAE requirements o f  0.32 ACH. 

Proposed changes t o  t h e  v e n t i l a t i o n  requirements would 
permi t  t he  i n s t a l  1 a t i o n  o f  v e n t i l a t i o n  equipment f o r  
continuous minimum operat ion based on ASHRAE which cou ld  be 
separate from the equipment requ i red  t o  provide i n t e r m i t t e n t  
capaci ty  (0.5 ACH) i n  l a r g e  homes. The a v a i l a b i l i t y  o f  
improved " t h i r d  generat ion" v e n t i  1  a t i o n  equipment shoul d 
a1 so reso lve  most problems o f  system capac i ty  compliance i n  
l a r g e  homes. 

Table 2 a l s o  presents comparisons o f  the measured 
v e n t i  1  a t i o n  capac i ty  f o r  R-2000 Homes heated w i t h  
e l e c t r i c i t y  and homes using f u e l - f i r e d  heat ing  and i n d i c a t e s  
t h a t  t h e  r e s u l t s  are s i m i l a r ,  The v e n t i l a t i o n  capac i ty  o f  
homes w i t h  e l e c t r i c  heat ing  systems measured 11% higher than 
those w i t h  f u e l - f i r e d  heat ing  systems. The maj6r-i ty o f  t he  
f u e l  -f i r e d  h e a t i n g  systems were forced-ai  r gas hea t ing  
systems. 

The r e s u l t s  should n o t  be s u r p r i s i n g  s ince many e l e c t r i c  
baseboard heated homes used HRV equipment, duc t i ng  and 
i n s t a l  1 a t i o n  procedures simi 1 a r  t o  those HRVs i n s t a l  1 ed i n  
homes us ing forced-ai  r heat ing  systems t o  d i s t r i b u t e  a i  r e  

I n i t i a l l y  , many baseboard heated homes suppl i e d  v e n t i l  a t i o n  
a i r  t o  the  basement or t o  one p o i n t  i n  the  l i v i n g  area and 
re1 i e d  on n a t u r a l  convect ion t o  d i s t r i b u t e  a i r  throughout 
the  house. 

These s t r a t e g i e s  a re  no longer permi t ted  i n  R-2000 homes 
s ince v e n t i l a t i o n  a i r  must now be de l ivered t o  each room o f  
the  house i n  accordance w i t h  ASHRAE 62-81. Th is  w i l l  r e s u l t  
i n  more ductwork and h igher ex terna l  s t a t i c  pressures f o r  
HRVs i n s t a l l e d  i n  e l e c t r i c  baseboard homes since the HRVs 
must now d i s t r i b u t e  a i r  t o  each room o f  the  house. 



Table 3 i n d i c a t e s  t h a t  only 16% o f  v e n t i l a t i o n  systems were 
balanced w i t h i n  t h e  10% range as requ i red  i n  t h e  R-2000 
techn ica l  c r i t e r i a .  Th is  was determined by comparing t h e  
amount o f  supply a i r  en te r ing  the  v e n t i l a t o r  t o  the  amount 
o f  exhaust a i r  l e a v i n g  the  v e n t i l a t o r .  

It was apparent t h a t  the m a j o r i t y  o f  i n s t a l l e r s  d i d  n o t  
c a r r y  ou t  f i e l d  balancing on the  system. Less than 15% o f  
t h e  i n s t a l  1 a t i o n s  contained balancing dampers. Th is  shoul d 
n o t  be s u r p r i s i n g  s ince most i n s t a l l e r s  d i d  n o t  have access 
t o  balancing equipment o r  were not  aware o f  p o t e n t i a l  
problems due t o  equipment imbalance, 

High negat ive pressure cond i t ions  could increase the  l e v e l  
o f  p o l l u t a n t s  such as radon en te r ing  the home through cracks 
i n  the b u i l d i n g  foundation, and could a1 so induce combustion 
appl iance backdraf t ing.  Conversely, a h igh  p o s i t i v e  pressure 
c o n d i t i o n  may tend  t o  fo rce  moisture i n t o  t h e  b u i l d i n g  
she l l .  As we l l ,  any HRV imbalance may a f f e c t  t h e  heat  
recovery e f f i c i e n c y  and increase energy consumption f o r  
space heating. 

Except f o r  t h e  i s s u e  o f  balancing, t h e  above r e s u l t s  
i n d i c a t e  t h a t  on average the i n s t a l l e d  c a p a c i t i e s  o f  u n i t s  
a re  w i t h i n  the  to lerances o f  the  program c r i t e r i a  and above 
m i  nimum ASHRAE v e n t i  1 a t i o n  requirements. However, there was 
considerabl e v a r i a t i o n  around the  average values, w i  t h  some 
homes exper iencing s i g n i f i c a n t l y  higher o r  1 ower v e n t i l a t i o n  
a i r  change r a t e  capac i t ies ,  

Mon i to r ing  a c t i v i t i e s  i n d i c a t e  t h a t  measured resul  t s  were 
dependent more upon the  q u a l i t y  o f  the i n s t a l l a t i o n  than t h e  
a i r f l o w  c a p a c i t i e s  o f  many HRVs. It was ev ident  t h a t  poor 
duc t  design, excess use o f  f l e x i b l e  duct ma te r ia l s  and use 
o f  125 mm diameter and smal ler  ducts r e s u l t e d  i n  a 
s i g n i f i c a n t  reduc t ion  i n  a i r f l o w  i n  some un i t s .  Most o f  
these problems can be a t t r i b u t e d  t o  lack  o f  experienced and 
t r a i n e d  i n s t a l  l e r s .  

Bal ancing o f  mechanical v e n t i l a t i o n  systems woul d normal l y  
i n v o l v e  i n s t a l l i n g  a simp1 e damper i n  the duct  w i t h  t h e  
h ighes t  a i r f l o w  i n  order t o  reduce the  a i r f l o w  r a t e  t o  
ba l  ance the  system. Reducing the  higher a i  r f l  ow may resu l  t 
i n  a l ower ing  o f  t h e  system capac i ty  below R-2000 
requirements, Extensive changes may have t o  be made t o  the  
v e n t i l  a t i o n  equipment and ductwork i n  order  t o  prov ide  
minimum v e n t i l  a t i o n  capac i t i es  when measures are taken t o  
balance e x i s t i n g  systems, 

Although very  few o f  the home occupants expressed any 
concern over the  comfort l e v e l s  experienced i n  t h e i r  homes, 
steps are being taken t o  ensure t h a t  a l l  u n i t s  are balanced 
and meet minimum a i r f l o w  requirements. The R-2000 
mon i to r i ng  program w i l l  cont inue t o  t e s t  a1 1 R-2000 homes t o  
v e r i f y  t h a t  the v e n t i  1 a t i o n  requirements are  being provided. 



The R-2000 Program i s  preparing revised gui de1 i nes for the 
instal  1 a t i  on of who1 e house mechanical venti 1 ation equipment 
which make i t  mandatory to  measure airflows and balance 
u n i t s  a t  the time of instal la t ion.  National training courses 
for instal  1 e r s  will greatly improve compl iance w i t h  program 
c r i t e r i a .  

5.2 Measured Air Chanqe Rates 

The CATS a i r  change r a t e  monitoring r e su l t s  provide 
information concerning the operation of the mechanical 
vent i la t ion systems by occupants and the e f f ec t  of a i r  
i n f i l t r a t ion ,  door openings, combustion a i r  and supplemental 
ventilation and a i r  exhausting equipment operation (range 
hoods, clothes dryers, e t c . )  over a 30 day period. The 
resu l t s  i n  this paper were based on 123 R-2000 homes and 40 
control homes. 

Since the CATS procedure i s  relatively new, i n i t i a l l y ,  some 
comparisons were made between the CATS perfluorocarbon t e s t  
procedure and sul phur hexafl uoride (SF6 ) spot measurements 
in 9 homes. 

Table 4 indicates tha t ,  on average, there was a good 
comparison between the SF6 and the 30 day CATS measurements 
even though the SF6 test ing was only a spot measurement 
completed a t  the time the CATS dosimeters were instal  led. 

Additional work i s  underway to val idate the CATS procedure 
in a number of homes which are  being monitored using 
continuous tracer gas techniques. This ac t iv i ty  wi 11 
commence in the fa1 1 of 1985. 

The analysis indicates tha t  the CATS average a i r  change ra te  
of .37 ACH in  R-2000 homes was 26% lower than the measured 
capacity of the mechanical ventilation system. T h i s  i s  to be 
expected since many u n i t s  were run continually a t  a low 
speed se t t ing  and since some occupants operated uni ts  
intermittently (see Tab1 e 5 ) .  

The CATS average a i r  change ra te  of in R-2000 homes was 42% 
higher than the average of .26 ACH in  control homes. This is  
not unreasonable since measurements were taken i n  the spring 
when wind and stack effects  are minimal, windows have not 
ye t  been opened and the control homes do not have mechanical 
ventil ation systems. 

A possible explanation for lower resul ts  i n  some control 
homes may have been the lack of precise information on house 
volumes since construction plans for control homes were not 
available for examination, Builders and f i e ld  technicians 
were re1 ied upon to supply t h i s  information, 



The CATS average r a t e  o f  0.37 ACH f o r  R-2000 Homes was 
s l  i g h t l y  h igher  than the ca l cu l  a ted ASHRAE a i r  change r a t e  
o f  0.35 ACH, Table 2, i n d i c a t i n g  t h a t  R-2000 Homes a re  
performi ng i n  accordance w i t h  ASHRAE minimum requirements. 

A i r  change r a t e s  based on ASHRAE were n o t  a v a i l a b l e  f o r  
con t ro l  homes b u t  i t  appears t h a t  the average CATS a i r  
change r a t e  o f  $26 ACH f o r  c o n t r o l  homes may not  meet ASHRAE 
mi nimum requirements. 

Factors such as house type and size, space hea t ing  
d i s t r i b u t i o n  systems, v e n t i l a t i o n  supply a i r  discharge and 
measured a i r  exchange ra tes  were examined and presented i n  
Table 5. Most ana lys i s  was conducted on ly  on R-2000 Homes, 
s ince on ly  one con t ro l  home was equipped w i t h  a mechanical 
v e n t i l a t i o n  system. 

Houses w i t h  volumes l e s s  than 500 m3 and homes w i t h  slab-on- 
grade or  crawlspace foundations exh ib i ted  h igher average a i r  
change ra tes .  T h i s  i s  l i k e l y  a r e f l e c t i o n  o f  the c a p a b i l i t y  
o f  t h e  HRVs t o  provide a higher a i r  change r a t e  i n  smal ler  
homes even a t  low speed set t ings .  

Table 5 i n d i c a t e s  t h a t  the  mean measured CATS r e s u l t s  f o r  R- 
2000 homes heated w i t h  e l e c t r i c i t y  where i d e n t i c a l  t o  those 
homes w i t h  f u e l - f i r e d  systems b u t  the CATS a i r  change r a t e s  
f o r  con t ro l  homes heated w i t h  e l e c t r i c i t y  were substant ia l  l y  
lower than f o r  c o n t r o l  homes w i t h  f u e l - f i r e d  systems. Most 
o f  the con t ro l  homes t h a t  were heated w i t h  e l e c t r i c i t y  used 
baseboard heat ing  systems, 

R-2000 homes w i t h  e l e c t r i c  baseboard heat ing  had CATS 
average a i r  change ra tes  o f  0.32 ACH as compared t o  those 
homes w i t h  fo rced -a i r  heat  d i s t r i b u t i o n  systems which 
averaged 0.39 ACH. 

Control  homes a l so  exh ib i ted  much lower average a i r  change 
r a t e s  f o r  homes w i t h  e l e c t r i c  baseboard heat ing  w i t h  average 
CATS measurements o f  only 0.18 ACH as compared t o  0,30 ACH 
f o r  fo rced  a i r  hea t ing  systems. The lack  o f  an a c t i v e  
chimney f l u e  may be a c o n t r i b u t i n g  fac to r  f o r  low a i r  
change ra tes  i n  e l e c t r i c  baseboard homes. 

Analys is  o f  t h e  r e s u l t s  based on the type o f  v e n t i l a t i o n  
a i r  discharge s t ra tegy  i nd i ca tes  t h a t  the CATS a i r  change 
r a t e  r e s u l t s  were 15% lower f o r  R-2000 Homes where 
v e n t i l a t i o n  a i r  was discharged i n t o  the basement ra the r  than 
the  l i v i n g  space. 

Resul ts  f o r  houses where the  v e n t i l a t i o n  a i r  was discharged 
i n t o  t h e  r e t u r n  a i r  duct o f  a forced a i r  system were lower 
than expected. Th is  may be due t o  t o  the  small sample s i z e  
and t h e  p o s s i b i l i t y  t h a t  many furnace fans were n o t  
opera t ing  c o n t i  nuously du r ing  the  spr ing  pe r iod  when t h e  
measurements were conducted, 



These resul ts indicate that  R-2000 homes have higher a i r  
change ra tes  than control homes and tha t  a i r  dis t r ibut ion 
s t ra teg ies  have an impact on the whole house ventilation 
rates  and ventilation efficiency for both R-2000 and control 
homes. 

The CATS resul t s  w i  11 a1 so a s s i s t  i n  determining appropriate 
a i r  change r a t e s  to  be used when determining the thermal 
performance of R-2000 homes. 

5.3 Prel imi nary Formal dehyde Resul t s  

The fo l l  owing formal dehyde resul t s  are based on 248 R-2000 
homes and 62 control homes, The Health and Welfare Canada 
indoor a i r  guide1 i ne of 0.1 ppn is used as a benchmark when 
comparing the resu l t s  for the R-2000 Homes w i t h  the control 
homes. 

Testing was performed in the spring months, concurrent with 
the CATS monitoring ac t iv i ty  when formal dehyde offgassi ng i s 
expected to  be a t  an elevated level due to  increased ambient 
temperatures, reduced wind induced ventilation and increased 
moisture content i n  building materials. 

Table 5 presents resu l t s  of measurements taken in the 
bedrooms of each home, Both bedroom and living area 
measurements were similar in R-2000 and control homes, 

The t e s t  resu l t s  indicate tha t  both the R-2000 and control 
homes have identi ca1 average formal dehyde concentrations of 
0.06 ppm. The average level s were we1 1 be1 ow Heal t h  and 
We1 fare  guide1 ine of 0.1 ppm w i t h  only 8% of R-2000 Homes 
and 9% of control homes exceeding 0.099 ppm, 

Re1 ationshi ps were hypothesized between formal dehyde 1 evel s 
and various contributing factors such as house type, space 
heating d; s t r ibut ion systems, ventilation a i r  discharge and 
measured a i r  change rates ,  Most analysis was conducted only 
on R-2000 Homes, since only one control home was equipped 
w i t h  a mechanical ventilation system, 

The resu l t s  i n  Table 5 indicate 1 i t t l e  difference according 
to  house s ize,  volumes less  than and greater than 500 m3 b u t  
slab on grade and crawl space homes exhibit levels 26% 1 ower 
than average, I t  should be noted that  the sample size was 
quite small. 

Baseboard e l e c t r i c  homes on average exhibited a mean 
formaldehyde concentration of 0.066 ppm or a 15% higher 
1 evel than those homes wi t h  forced ai  r heating systems. T h i  s 
resu l t  was consistent for  bedroom and living room 
measurements i n  R-2000 and control homes, 



The resu l t s  a1 so indicate that  formaldehyde levels i n  
homes t h a t  simply discharged supply a i r  into the basement 
and re l ied  on natural convection to circulate  a i r  to  the 
upper portions of the home were 0.066 ppm or 18 % higher 
then the average levels for houses using other ventilation 
a i r  discharge s t rategies .  

Analysis of only those homes w i  t h  both CATS and formaldehyde 
t e s t  resul t s ,  Tab1 es  6, indicates that  a1 though the CATS 
a i r  change r a t e s  were 40 % higher i n  R-2000 Homes, the 
average formaldehyde level s were not any lower then in 
control homes. 

Prel i m i  nary formal dehyde resul t s  from repeat testing of 134 
R-2000 homes and 22 control homes i n  the  spring, 1985, 
indicates tha t  control homes have average formaldehyde 
1 eve1 s 23% higher than R-2000 homes. These new resul ts may 
indeed indicate tha t  lower a i r  change rates  are  i n  resulting 
i n  higher formaldehyde levels in control homes. These new 
resul t s  wi 11 be analyzed shortly. 

Table 6 a1 so indicates that  the average CATS a i r  change 
ra tes  were lower and the formaldehyde levels higher for  R- 
2000 and control homes wi t h  e l  ec t r  i c  baseboard heati ng 
sys tems. 

R-2000 homes where ventilation a i r  was discharged into the 
basement and natural ventilation was re l ied  upon t o  
d is t r ibute  venti 1 ation throughout the house a1 so exhi bi ted 
higher formaldehyde levels and lower a i r  change rates than 
homes where the fresh a i r  was discharged in the living area. 

Additional analysis of the 17 R-2000 Homes that  exceeded 
Health and We1 fare  Canada guide1 ines, indicates that not one 
home had CATS a i r  change rates  i n  excess of ASHRAE minimim 
requirements which were equivalent to 0-32 ACH for these 
homes. The CATS average a i r  change rate  for these homes was 
0.16 ACH or 57% lower than the average of 0.37 ACH for a l l  
R-2000 Homes although the average measured capacity of the 
ventilation systems was 0.46 ACH. 

Air distribution problems may have been a major contributing 
factor given that  e l ec t r i c  baseboard heating systems were in 
70% of these homes and 47% discharged ventilation a i r  into 
the basement. Other factors  such as poor controls, 
intermittent operation and occupant behaviour may also be 
factors for  such low a i r  CATS a i r  change rates  and high 
formaldehyde level s. 

These resul t s  indicate that  both total a i r  change rate and 
ventilation a i r  distribution efficiency are  major factors i n  
controll ing formaldehyde levels. Current program c r i t e r i a  
now require tha t  ventil ation a i r  be d i  s t r i  buted, 
continuously, t o  each room of the house a t  the ASHRAE 
minimum of 5 l / s  per room. 



Measures are a l so  being taken t o  reduce formaldehyde l e v e l s  
i n  the small group o f  homes t h a t  exceeded Heal t h  and We1 f a r e  
Guide1 ines  and formaldehyde moni tor ing w i l l  cont inue d u r i n g  
t h e  1984185 mon i to r i ng  pe r iod  on a l l  R-2000 and c o n t r o l  
homes t o  determine i f  l e v e l s  have dropped over time. 

The ove ra l l  response t o  the  program i s  genera l ly  favourable 
and the R-2000 Program i s  showing t h a t  wel l -sealed homes can 
be constructed t o  provide a i r  q u a l i t y  a t  l e a s t  comparable t o  
conventional l y  bu i  1 t homes. 

The R-2000 Technical C r i t e r i a  concentrate on v e n t i l a t i o n  and 
indoor a i r  qual i t y  issues. The program c r i t e r i a  c u r r e n t l y  
requ i re  a balanced mechanical v e n t i l a t i o n  system capable o f  
0.5 ACH and an a i r  d i s t r i b u t i o n  system t h a t  suppl i e s  t h e  
ASHRAE mininum o f  5 11s per room. I n s t a l l a t i o n  gu ide l i nes  
have been es tab l i shed  t o  ensure t h a t  equipment has been 
i n s t a l  1 ed c o r r e c t l y  and t h a t  rep1 acement make-up a i r  i s  
provided f o r  a1 1 equipment exhausting a i r  from the house, 

The mon i to r i ng  program r e s u l t s  i n d i c a t e  t h a t  t he  R-2000 
homes appear t o  be performing w i t h i n  the  tolerances o f  t h e  
program c r i t e r i a .  A i r  qual i ty and v e n t i l a t i o n  ra tes  compare 
favourably w i  t k  those o f  conventional homes w i t h  the  average 
formaldehyde 1 eve1 s i d e n t i c a l  f o r  R-2000 and cont ro l  homes 
and we1 1 be1 ow Heal t h  and We1 f a r e  Canada gu i del i nes. R-2000 
Homes had average a i r  change ra tes  t h a t  were 42% higher than 
c o n t r o l  homes. On average, v e n t i l a t i o n  systems were s ized t o  
t h e  program c r i t e r i a  o f  0.5 ACH b u t  the systems genera l ly  
were not  bal anced t o  program requirements. 

Fur ther  program ref inements are being considered t o  ensure 
q u a l i t y  assurance f o r  f u t u r e  increased numbers o f  R-2000 
homes, These ref inements i nc lude  r e v i s i o n s  t o  program 
techn ica l  requirements, i nspec t ion  procedures, and na t iona l  
standards t o  address concerns or  issues r a i s e d  dur ing t h e  
moni tor  i ng phase. 

I n  p a r t i c u l  ar, c u r r e n t  requirements f o r  v e n t i l a t i o n  system 
capac i t i es  and the de l i ve ry  o f  a i r  throughout the house need 
t o  be expanded t o  address issues r e l a t e d  t o  system c o n t r o l  
s t ra teg ies .  Occupants need t o  be be t te r  informed about t h e  
c o r r e c t  opera t ion  o f  t h e i r  v e n t i l a t i o n  systems and t h e  
systems must be designed i n  a manner t h a t  ensures t h a t  
occupants w i l l  i n  f a c t  operate them. 

The R-2000 Program i s  support ing a l a r g e  number o f  
a c t i v i t i e s  r e l a t e d  t o  v e n t i l a t i o n  and a i r  q u a l i t y  by 
i n c l u d i n g  f i e l d  monitor ing, l abo ra to ry  t e s t i n g ,  standards 
devel opment, and i ndustry development a c t i v i t i e s .  The 
program i s  a t  the  f o r e f r o n t  o f  r e s i d e n t i a l  v e n t i l a t i o n  and 
a i r  qual i ty a c t i v i t i e s  i n  Canada, 
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FIGURE 1 

HRV INSTALLATION WITH BASEBOARD HEATING 

FIGURE 2 

HRV INSTALLATION WITH FORCED AIR HEATING SYSTEH 

WITH CONTINUAL FUPSACE FAN OPERATION 



TABLE 1: EUEW W S E  mISTPCS 

R-200  HWES CONTROL HDMES 

&an St. Dev. -- Mean St. Dev. -- 
HOUSE VOLME (M3 1: 525 137 462 162 

HOUSE TYPE AND SIZE No. - 
15 
6 

144 
146 

290 

NO. - 
108 

4 

6 3 
112 

9 3 

NO. - 
86 

106 
28 
53 

Mean 

8.2 
5.5 
3.9 
1.1 
0.44 

Percent. 

0.5 
0.1 

No. Percent. - -  
Slab on Grade Homes 
Crawl space Homes 

A l l  Homes: (500 f13 
A l l  Homes: >500 f13 

Total :  A l l  Homes 

SPACE HEATING SYSTEMS Percent. No. Percent. - -  
Radiant: E l e c t r i c  

Fuel-Fi  red 

Forced Ai r :  E l e c t r i c  
Fuel-Fi  red 

VENTILATION AIR DISCHARGE Percent. 

Basement 
Main L i v i n g  Area 
Furnace Cold A i r  Return 
Near Furnace Cold  A i r  Return 

THERMAL CHARACTERISTICS: Range &an Range - 
Cei l ing  (RSI) 
Main Walls (RSI) 
Basement Walls (RSI) 
Basement F loo rs  (RSI ) 
Windows (RSI) 

Cases Mean Range -- Cases Mean Ra?ge -- 
AIRTIGHTNESS (50 Pascals ACH) 259 0.84 0.03-1.49 4 4.58 2.0-7.1 (ACH) 

TABLE 2: IBU1RWE EPQII S MD =-BED SYSTEM W E m T S - R - r n  m S  

HOUSE CHARACTERISTICS ASHRAE REQUIREMEWTS [ACH ) MEASURED SYSTEM CAPACITY (ACH ) 

HOUSE TYPE AND SIZE Cases WaP St. Dev. e d i a n  Cases Hean St. Dev. Wdian  - - - - - - - - 
Slab on Grade: 
Crawl space: 

A1 1 Homes <500 M3: 132 0.38 0.07 0.37 124 0.61 0.23 0.58 
AT 1 Homes >500 M3: 126 0.32 0.06 0.32 135 0.41 0.14 0.41 

Total  A l l  R-2000 Homes: 258 0.35 0.07 0.34 259 0.50 0.21 0.47 

SPACE HEATING FUEL TYPE: 

E l e c t r i c i t y  
Other 

VENTILATION AIR DISCHARGE: 

Basement 74 0.34 0.06 0.34 78 0.48 0.16 0.46 
Main L i v i n g  Area 92 0.37 0.08 0.35 95 0.56 0.26 0.52 
Furnace Cold A i r  Return 23 0.32 0.06 0.32 25 0.43 0.16 0.41 
Near Furnace Cold A i r  Return 49 0.35 0.05 0.35 49 0.47 0.18 0.45 



TABLE 3 

M T  E C O \ I a Y  W X t A T O R  CI lsG 

Heat ing D i s t r i b u t i o n  A l r f l o w  Imbalance Low Speed Test  Hfgh Speed Tes t  

Percent - No. Percent M. Percent 

11 
T -T 

E l e c t r i c  Baseboard: 0 -9% 10 16 15 
10-25% 12 11 40 37 
26-509, 17 16 28 26 
> 50% 4 4 7 7 

Forced A i r :  

miss ing 

0 -9% 
10-25% 
26-50% 
> 50% 
miss ing 

Tota l  Average: R-2000 0 -9% 
10-25s 
26-50% 
> 50% 
miss ing 

NOTE: The A i r f l o w  Imbalance percentages i n d i c a t e  t he  percent d i f f e r e n c e  
between supply and exhaust a i r  as measured a t  the  heat  recovery 
v e n t i l a t o r .  The M. va lue  i n d i c a t e s  the nmber  o f  cases f a l l i n g  
w i t h i n  the a i r f l o w  imbalance range. The Percent value presents t he  
number o f  cases w i t h i n  the  range as a percentage o f  t he  t o t a l  
number o f  homes w i t h  measurements. 

EATS m U R E D  AIR RATES VS. SULPHUR H E W a I D E  D A IR  CHAMGE RATES 

HOUSE TYPE SF6 RESULTS (ACH) CATS RESULTS (ACH) 

Cases Mean St. Oev. Median -- Mean St. Dev. Median --- 
R-2000 6 0.37 0.13 0.23 0.33 0.20 0.43 

Control  3 0.22 0.08 0.20 0.17 0.09 0.23 

A1 1 Homes 9 0.32 0.13 0.23 0.29 0.18 0.23 

MOTE: CATS Measured House V e n t i l a t i o n  r e f e r s  t o  the Brookhaven Nat iona l  
Laboratory " C a p i l l  a r y  Adsorpt ion Tube Sampler" method o f  detefe)i n i  ng 
average house v e n t i l a t i o n  r a t e s  over a s p e c i f i c  t ime pe r i od  . 



TABLE 5: ErnILATIW m FOIIIULLDErnE TEST K 9 L T S  

HOUSE CHARACTERISTICS FBEASURED MIlTlLATIOW CAPACITY (ACH ) CATS MEASURED VENTILATION (ACH ) 

HOUSE TYPE AND VOLUME RANGE 

Slab on Grade: 
Crawl space: 

Cases Piean St. Dev. Median ---- Cases Mean St. Dev. Redfan ---- 

A l l  Homes: (500 M3 124 0.61 0.23 0.58 54 0.40 0.39 0.29 
A1 1 H m s :  >500 M3 135 0.41 0.14 0.41 69 0.34 0.29 0.27 

Tota l  A11 R-2000 Homes: 259 0.50 0.21 0.47 123 0.37 0.34 0.28 

Total  A11 Control  Homes: n a na n a na 40 0.26 0.21 0.20 

SPACE HEATING FUEL TYPE 

R-2000 HOMES: 
E l e c t r i c i t y  
Other 

CONTROL HOMES: 
E l e c t r f c i t y  
Other 

SPACE HEATING DISTRIBUTION TYPE 

R-2000 HOMES: 
E l e c t r i c  Baseboard 
Forced A i r  

CONTROL HOMES: 
E l e c t r l c  Baseboard 
Forced A l r  

VENTILATION AIR DISCHARGE (R-2000) 
Basement 78 0.48 0.16 0.46 36 0.39 0.56 0.27 
Main L i v i n g  Area 95 0.56 0.26 0.52 47 0.45 0.43 0.29 
Furnace Cold A i r  Return 25 0.43 0.16 0.41 12 0.36 0.22 0.35 
Near Furnace Cold A i r  Return 49 0.47 0.18 0.45 19 0.30 0.21 0.26 

FORMALDEHYDE TESTIHG RESULTS (PPM) 
Bedroom Test Resul t o  

Cases Wan St. Dev. trledian - - - -  

NOTE: CATS re fe rs  t o  the Brookhaven Nat ional Laboratory "Capi 11 ary M s o r p t i o n  Tube Sampler" t racer  gas (perf1 uorocarbon ) method, 



TABLE 6: CATS AIR CHWGE RATE RESULTS FOB FOWUUOEHYDE TESTED HWES 

HOUSE CHARACTERISTICS CATS MEASURED VENTILATION (ACH FORMALDEHYDE TESTING RESULTS (PPM) 
Bedroom Test Resul t s  

HOUSE TYPE AND VOLUME RANGE Cases Mean S t .  Oev. Median Cases Mean St. Dew. Median ---- 
Slab on Grade: 
Crawl space: 

A l l  Homes: (500 M3 
A11 Homes: >500 M3 

Total  A l l  R-2000 Homes: 109 0.35 0.30 0.28 109 0.063 0.033 0.054 

Tota l  A l l  Control  Homes: 34 0.25 0.20 0.17 34 0.059 0.028 0.050 

SPACE HEATING FUEL TYPE 

R-2000 HOMES: 
E l e c t r i c i t y  
Other 

CONTROL HOMES: 
E l e c t r i c 1  t y  
Other 

SPACE HEAT1 NG DISTRIBUTION TYPE 

R-2000 HOMES: 
E l e c t r i c  Baseboard 
Forced A i r  

CONTROL HOMES: 
E l e c t r i c  Baseboard 
Forced A i r  

VENTILATION AIR DISCHARGE (R-2000 ) 
Basement 32 0.30 0.17 0.26 32 0.069 0.033 0.068 
Main Liwlng Area 37 0.40 0.39 0.28 37 0.062 0.038 0.046 
Furnace Cold A i r  Return 12 0.36 0.22 0.36 12 0.053 0.026 0.049 
Near Furnace Cold A i r  Return 18 0.31 0.21 0.27 18 0.060 0.033 0.051 

NOTE: &SToSrplf~;~r~ yuse, V p n t i l a t i o n  r e  ers o the r o  kh we a i ona l  aboratory "Capi l la ry  
e amp e r  t race r  gas fperffuorocarljonYrnetho! o r  5etermintng average a i r  change 


