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ABSTRACT 

This research study was u ndertake n to assess the effective ness of ve ntilatio n 
i n  dwellings in relation to: 

• mecha nical ventilatio n system desig n, 
• i nstallation practices, and 
• occupa nt use and maintenance of ve ntilatio n systems. 

The project involved the i nspectio n of 60 homes with heat recovery ventilator 
( HR  V) ve ntilation systems, a survey of the occupants to detenni ne their 
u nderstanding and usage of their ventilatio n system, telephone surveys of a 
further 1 5  households and i nte nsive perfo nnance testi ng of 20 co nve ntional 
and four experimen tal ventilation systems . 

The methodology for the testi ng involved the use of a trace of co ncentration 
of gas (Sulphur He xafluoride) to assess air cha nge rates. A tracer gas decay 
methodology was used to calculate the natural, combined appare nt natural and 
mechanical , and mecha nical air change rates in representative areas of each 
house . Based on a n  assessme nt of the air change rates, evaluatio ns were made 
of the fresh air distribution in the homes with and without the operatio n of the 
mecha nical systems . 

The common types of HRV i nstallations i nvestigated under this study (fully 
ducted, simplified and extended) were capable of perfo nning well . The 
majori ty of the HR V ve ntilatio n systems were operating and the occupa nts 
believed t he use of t heir HR V was beneficial . Potential e xisted for far greater 
benefits , howeve r, and considerable improvements were possible i n  
i nstallation practice , system performance, occupant understandi ng and 
occupant i nteractio n with their system . 

Key_ Words: 
ve ntilatio n, air distributio n, indoor air quality, heat recovery ventilators, 
HR.Vs, mecha nical desig n, perfo nnance testing, tracer gas testing, air 
moveme nt 
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EXECUTIVE SUMMARY 

Ventilation is one of the most important design issues of the '90s in the 
Canadian Cons truction indust ry. Building Codes promote th e comfort and 
safety of occupants by ensuring fresh air is provided to new homes, and stale, 
contaminated air is exhausted outdoors. Increasingly, these code requirements 
are being satisfied by the use of packaged heat recovery ventilators (HR.Vs). 

Given the increased reliance on HR.Vs for ventilation, several authorities 
expressed a desire to explore and assess the relationships between home 
desi gn, mechanical ventilation system design, installation practices and 
occupant use of ventilation systems as they relate to the effectiveness of 
ventilation of the dwelling. In response to such concerns, Canada Mortgage 
and Housing Corporation engaged Buchan, Lawton, Parent Ltd to study the 
field performance of HRV ventilation systems. 

The conclusions drawn from these results will make it possible to improve 
installation practices, HR V system performance, and occupant understanding 
of and interaction with their HR V system. 

The project involved four phases : 1 )  inspections of 60 homes with HRV 
ventilation systems, 2) survey of the occupants of the 60 households to 
determine their understanding and usage of their HRV ventilation systems and 
a telephone su rvey of a further 15 households, 3 )  intensive performance 
tes ting of ex isting HRV ventilation systems, and -4) intensive performance 

testing of experimental HR V ventilation systems. 

Under Phases I and II of the study, the field inspections , occupant surveys and 
telephone surveys reviewing existing HR V installations provided an 

understanding of how HR V ventilation systems were perceive d and how they 
were used in Canadian housing. The assessed parameters included whether the 
installation met acceptable standards, the performance of the system, and the 
occupant 's understanding of and interaction with the system. 

Fi fteen homes were inspected on the West Coast, fi fteen homes on the East 
Coast, and thirty homes in the Central Region. All installations were at lea st 
one year old and ranged in age up to fourteen years. Four categories of 
systems were investigated: fully ducted, extended, simplified standard 
installation and simplified cross furnace. To gain a broader range of 
in formation, a further fi fteen homes were su rveyed by phone in the Central 
Region. 

Under Phase III, detailed measurements were made of the effectiveness of 
typical HR V installations to provide ventilation. The appar ent air change rates 
and the mean age of air in the rooms of the test homes was determined with 
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and without the ventilatio n and circulatio n systems runni ng. Mecha nical air 
supply a nd exhaust rates were also measured. Co nclusio ns were drawn on the 
e ffective installatio n and operati ng practice for HRV ventilation systems in 
terms of distributio n of ventilatio n air, pro pensity for short-circuiting and the 
effects of dosing doors. 

Under Phase N of the study , the e ffectiveness of a variety of alternative HRV 
ventilatio n strategies was tested. Not installed as common practice at the time 
of the study , the low-cost HRV ve ntilation systems were tested as a n  
addendum to this project usi ng the same protocol as the Phase III testing. 

The methodology for Phases III and IV involved the use o f  a trace 
co nce ntration of gas to assess air cha nge rates. Sulphur Hexafluoride, an 
i nnocuous gas not fou nd i n  household e nviro nme nts, was released at 
predetermi ned poi nts throughout the house a nd mixed by mecha nical mea ns 
until similar co nce nt ratio ns were achieved throughout the house. By 
measuring the decay i n  the conce ntratio n of the gas, the apparent air change 
rates were derived. The operati ng co nditio ns of the ventilatio n system a nd the 
locations of the sampli ng points had an impact o n  the extent to which the 
measureme nts re flected whole house ventilatio n rates, room-by- room 
ventilat ion rates, natural air cha nge rates caused by forces other tha n 
mecha nical ve ntilation systems, or other factors related to ve ntilatio n, such as 
sho rt circuiti ng within rooms, and cross co ntamination. 

The commo n types of HR V i nstallatio ns investigated u nde r this study (fully 
ducted, simplified and exte nded) were capable of performing well. The 
majority of the HRV v entilatio n systems were o perati ng and wer e p er ceived 
to be providi ng a be nefit to the occupa nts of the houses. Far g reater benefits 
were possible, however, and co nsiderable improveme nts could be made i n  
i nstallatio n practice, system performa nce, occupa nt u nderstandi ng and 
occupa nt i nteraction with their system. 

Simplified systems have a large share of the market i n  tract-built housing i n  
the Ce nt ral Regio n. When these simpli fied systems were com pa red with oth er 
types, the quality of the installations a nd the occupant use a nd understandi ng 
of the systems were notably lower. 

Th es e  trends must be reversed as the use of the HR.Vs beco mes common in 
most new homes across the country. Sta ndard installatio n practice must be 
improved - this study found that simple a nd i nexpe nsive m easures ca n 
dramatically improve the ability of HR V ve ntilation systems to perform 
adequately. I nformatio n transfer must be improved to encourage the average 
occupant to use their HRV optimally , maintain it properly , and believe it to be 
o f  positive value. 
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RESUME 

Dans les annees 1990, la ventilation a constitue l'une des plus importantes questions en matiere de 
conception que l'industrie de la construction canadienne ait eu a aborder. Les codes du batiment 
contribuent au confort et a la securite des occupants en exigeant l'amenee d'air frais a l'interieur 
des maisons neuves et !'evacuation de l'air vicie et contamine a l'exterieur. De plus en plus, on 
repond aux exigences des codes en installant des ventilateurs-recuperateurs de chaleur monoblocs. 

Comme !'usage des ventilateurs-recuperateurs de chaleur se repand pour la ventilation, plusieurs 
autorites ont exprime le desir d'examiner et d'evaluer les liens entre la conception des maisons, la 
conception des installations de ventilation mecanique, les pratiques de pose et !'utilisation des 
installations de ventilation par les occupants, dans le contexte de l'efficacite de la ventilation des 
habitations. Afin d'aborder ces preoccupations, la Societe canadienne d'hypotheques et de 
logement a retenu les services de la firme Buchan, Lawton, Parent Ltd, et elle lui a demande 
d'etudier le rendement des ventilateurs-recuperateurs de chaleur. 

Les conclusions qui seront tirees des resultats de cette etude permettront d'ameliorer les pratiques 
de pose, le rendement des ventilateurs-recuperateurs de chaleur, les connaissances des occupants 
sur leur ventilateur-recuperateur de chaleur ainsi que leur interaction avec cette installation. 

Le projet comprenait quatre etapes : 1) !'inspection de 60 maisons dotees de 
ventilateurs-recuperateurs de chaleur, 2) une enquete aupres des menages qui occupaient ces 60 
maisons afin de determiner leurs connaissances sur les ventilateurs-recuperateurs de chaleur et 
l'usage qu'ils en font, de meme qu'une enquete telephonique aupres de 15 menages additionnels, 3) 
la verification intensive du rendement des ventilateurs-recuperateurs de chaleur existants, 4) la 
verification intensive du rendement des ventilateurs-recuperateurs de chaleur experimentaux. 

Les inspections sur place, les enquetes aupres des occupants et les enquetes telephoniques visant 
les installations existantes de ventilateurs-recuperateurs de chaleur qui ont ete effectuees dans le 
cadre des etapes I et II nous ont permis d'en apprendre sur les perceptions relatives aux 
ventilateurs-recuperateurs de chaleur et sur les utilisations qu'on en fait dans les habitations 
canadiennes. Les parametres etudies ont permis de determiner si !'installation repondait a des 
normes acceptables, son rendement, les connaissances de !'occupant sur le sujet et !'interaction de 
ce dernier avec !'installation. 

Quinze maisons ont ete inspectees sur la cote ouest, quinze sur la cote est, et trente dans le centre 
du pays. Toutes les installations avaient au moins un an et au plus quatorze ans. Quatre categories 
d'installations ont ete inspectees : les installations reliees par conduits a toute !'habitation, les 
installations etendues, les installations simplifiees et les installations montees sur un generateur 
d'air chaud. Pour elargir davantage la gamme d'informations obtenues, quinze maisons situees 
dans le centre du pays ont fait l'objet d'une enquete telephonique. 

Dans le cadre de l'etape III, la capacite des ventilateurs-recuperateurs de chaleur de fournir une 
ventilation efficace a fait l'objet de mesures detaillees. Le taux de renouvellement d'air apparent et 



l'age median de l'air des pieces des maisons d'essai ont ete etablis avec les installations de 
ventilation et de circulation en marche et a l'arret. Les taux d'approvisionnement mecanique en air 
et d'evacuation ont aussi ete mesures. Des conclusions ont ete tirees sur l'efficacite de la pose et 
de l'utilisation des ventilateurs-recuperateurs de chaleur en termes de distribution de l'air de 
ventilation, de la tendance au court-circuitage et des effets de la fermeture des portes. 

Dans le cadre de l'etape IV de l'etude, on a verifie l'efficacite d'une variete de strategies de 
remplacement en matiere de ventilateurs-recuperateurs de chaleur. Bien que leur installation n'ait 
pas fait partie des pratiques courantes au moment de l'etude, les ventilateurs-recuperateurs de 
chaleur bon marche ont ete mis a l'essai a titre d1addenda au projet, sous reserve du meme 
protocole que les essais de l'etape III. 

La methode employee pour les etapes III et IV necessitait l'utilisation d1un gaz a l'etat de traces 
afin d1evaluer les taux de renouvellement d'air. De l'hexafluorure de soufre, un gaz inoffensif 
absent de l'environnement interieur des habitations, a ete libere a des points predetermines des 
maisons et melange a l'aide de moyens mecaniques jusqu1a ce que les concentrations soient 
semblables dans tout le batiment. En mesurant la diminution de la concentration de gaz, ii a ete 
possible de calculer le taux de renouvellement d'air apparent. Les conditions de fonctionnement de 
!'installation de ventilation et l'emplacement des points d'echantillonnage ont eu des repercussions 
sur la mesure dans laquelle les donnees refletaient les taux de ventilation de la maison au complet, 
les taux de ventilation piece par piece, les taux de renouvellement d'air naturels causes par des 
forces autreS que }es installations de ventilation mecanique, OU d'autres facteurs relies a la 
ventilation comme le court-circuitage a l'interieur des pieces et la contamination croisee. 

Les types courants de ventilateurs-recuperateurs de chaleur examines dans le cadre de la presente 
etude (les installations rcliees par conduits a toute !'habitation, les installations simplifiees et les 
installations etendues) pouvaient fournir un bon rendement. Dans la majorite des cas, les 
ventilateurs-recuperateurs de chaleur etaient fonctionnels et per�us comme benefiques pour les 
occupants des maisons. Toutefois, il est possible d'en tirer de bien plus grands avantages. En 
outre, des ameliorations considerables peuvent etre apportees au niveau des pratiques de pose, du 
rendement des installations, des connaissances des occupants et de leur interaction avec les 
installations. 

Les installations simplifiees enlevent une large part du marche des maisons en serie du centre du 
pays. Comparativement aux autres types, la qualite de pose de ces installations, les connaissances 
des occupants a leur sujet ainsi que leur niveau d'utilisation sont beaucoup plus faibles. 

Or, ces tendances doivent etre inverses car la presence des ventilateurs-recuperateurs de chaleur 
devient monnaie courante dans la plupart des maisons neuves du pays. 11 importe d'ameliorer les 
pratiques courantes de pose -- l'etude a permis de determiner que des mesures a la fois simples et 
peu couteuses pourraient ameliorer grandement le rendement des ventilateurs-recuperateurs de 
chaleur. La diffusion d'information doit etre encouragee afin d'inciter les occupants a faire une 
utilisation optimale de leur ventilateur-recuperateur de chaleur, a entretenir ce dernier 
correctement et a croire en ses avantages. 
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1.0 INTRODUCTION 

With the increa sing concern for the quality of indoor environment, ventilation has 
become one of the most important design issues in the Canadian construction 
industry. Building codes have been revised to promote the comfort, health and safety 
of occupants by ensuring fresh air is provided to new homes, and stale , contaminated 
air is exhausted outdoors. Increasingly, these code requirements are being satisfied 
by the use of packaged heat recovery ventilators (HR Vs). 

Over the past ten years, the use ofHRVs has grown steadily. Once found primarily 
in R-2000 homes and other energy-efficient housing, HRVs are more and more 
frequently being installed in conventional Canadian homes. HR.Vs have evolved into 
durable , relatively energy-efficient devices. 

Concurrent with the increased use of HRVs , the information transfer tools promoting 
HRV systems have been developed and refined to educate ventilation system 
designers, installers, builders, and homeowners. Despite the advances, quest ions 
remain about the impact of the various conventional HR V installation p ractices and 
the occupant and system interactions on the ability of HRV systems to provide 
effective , energy-efficient and safe ventilation. 

Concerns have been raised that the inherent sho rtcomings of design, installation , 
commissioning, maintenance, and other factors related to tract-built housing may be 
contr ibuting to deviations from the predicted pe rformance of HR.Vs. Even in the 
context of R-2000 houses, where much of the research on ventilation ha s been 
carried out , little is known with respect to air movement and the e ffectiveness of 
ventilation within rooms. Given the increased reliance on HR.Vs for ventilation , 
several authorit ies have expressed a desire to explore and assess the relationships 
between home design, mechanical ventilation system design, installation practices 
and occupant use of ventilation systems as it relates to the e ffectiveness of the 
ventilation of the dwelling. 

In response to such concerns, Canada Mortgage and Housing Corpo ration issued a 
contract to Buchan, Lawton , Parent Ltd to study the field performance ofHRV 
ventilation systems. The pro ject was divided into four phases: 

Phase! 

Phase II 
Phase Ill 

Phase JV 

HRV Ventilation System Inspections 

HRV Occupant Survey and Telephone Survey 

Intensive Performance Testing of Existing Ventilation 
Systems 

Intensive Performance Testing of Experimental Ventilation 
Systems 

Field Survey of Heat Recovery Ventilation Systems 



1.1 Phases I and II 

A review of existing HRV installations was accomplished through the use of 
field inspections, occupant surveys and telephone surveys. The objective was 
to gain an understanding of how HR V ventilation systems were perceived 
and how they were used in Canadian housing in terms of: 

• installation - meeting acceptable standards; 
• performance - air flow and durability; 
• occupant understanding- perceived value, knowledge, operation and 

maintenance; and 
• occupant interaction - actual usage, maintenance and subsequent 

condition of the system. 

From a systematic review of the existing installations, it was possible to 
determine the types of problems associated with the various HRV systems 
and the common deficiencies in installation practices, and to identify the gaps 
in occupant knowledge that could lead to less than optimal usage of the HRV 
systems. 

Many of the ventilation systems included in this study were installed during 
the period when building codes provided limited regulation on the installation 
and performance of HR V systems. Although recent building code changes 
have indicated a shift towards increased regulation, the majority of the 
installations inspected during the course of this study were believed to be 
typical examples of current industry practice. 

1.2 Phase ill 

The objective of this third phase was to develop a detailed measurement 
technique to determine the effectiveness of typical HRV installations in 
providing ventilation. Of particular concern was the characterization of the 
effective ventilation of houses on a room-by-room basis. 

The ventilation systems in the test homes included under the Phase III 
evaluation met the requirements of Canada's most comprehensive ventilation 
standard, CAN/CSA-F326-M91. Designing and installing ventilation systems 
in accordance with this standard was referenced in the 1995 National 
Building Code as an alternative to the prescriptive requirements contained 
within the code. 

Utilizing the methodology outlined in Section 3 of this report, attempts were 
made to establish the apparent air change rates and the mean age of air in the 
rooms of the test homes with and without the ventilation and circulation 
systems running. Mechanical air supply and exhaust rates were also 
investigated. 
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Analyzing these rates in con junction with a review of the idiosyncrasies of 
each house made it possible to draw conclusions on the effective installation 
and operating practice for HRV ventilation systems in terms such as : 

• distribution of ventilation air; 
• propensity for short-circuiting within rooms and between rooms ; 
• effects of closing doors . 

1.3 Phase IV 

The fourth phase of the study was undertaken to test effectiveness of a variety 
of alternative conceptual ventilation strategies not cu rrently installed as 
common practice. 

The Efficiency and Alternative Energy Technolo gy Branch (CAN MET) of 
Natural Resources Canada (NRCan) had earlier commissioned a study to 
identi fy and evaluate various alternative , low-cost ventilation systems 
intended to meet CAN/CSA-F326-M91 ,  Residential Mechanical Ventilation 
Systems. The systems developed were evaluated in terms of initial cost and 
operating cost using HOT2000 but were not evaluated in terms of ventilation 
effectiveness. The repo rt on this wor k was titled Energy Impact of Ventilation 
Air Distribution. 

The most promising of these alternative systems were installed and tested as 
an addendum to this project. This Phase IV wor k was sponsored by NRCan, 
Residential Programs. 

The testing of the Phase IV systems was carried out using the same 
methodology followed in Phase III. This pe rmitted the compa rison of all the 
results from the ventilation system testing. 
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2.0 HOUSE AND SYSTEM CHARACTERISTICS 

2.1 Phases I and II - Houses and HRV Systems 

Fi fteen Homes were inspected on the West Coast, fi fteen homes on the East 
Coast, and thirty homes in the Central Region. All installations were at leas t 
one year old and ranged up to fourteen years of age. 

The HRV installation types fell into the following four categories. 

2.1 .1  Fully Ducted 

Fully duct ed HR V installations are completely independent of any other air 
circulating devices. Air is exhausted from areas of high contamination and 
humidity (kitchens and bathrooms) and supplied directly to other rooms 
throughout the house. 

KITCHEN I>-----< 
MAIN BATHROOMr>-----< 

LAUNDRY AREA J')..._----< 

ENSUITE BATH•>----1 

HRV EXHAUST AIR 

MASTER BEDROOM 

1 r> BEDROOM 

HRV SUPPLY AIR 1 � LIVING ROOM 

DINING AREA 

BASEMENT 

HEAT RECOVERY VENTILATOR 

INTAKE EXHAUST 

Figure 2.1 : Schematic Drawing of Fully Ducted HRV System 
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2.1 .2 Extended 

Extended HR V installations exhaust air from the kitchen and bathrooms and 
supply air into the furnace return. The furnace fan circulates the ventilation 
air throughout the house. 

4 RETURN AIR SUPPLY AIR 

KITCHEN 

I <..J MAIN BATHROOM 

HRV SUPPLY AIR 
I .<f ENSUITE BATH 
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... 

G) � 

HEAT RECOVERY VENTILATOR 

I (!BATH 

I �LAUNDRY AREA 

--�I 1.._1 __ 

YEXHAUST A INTAKE 

Figure 2.2: Schematic Drawing of Extended HRV System 
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2.1.3 Simplified Standard 

Simplified standard HRV installations exhaust air from the furnace return air 
plenum and supply air to the furnace return air plenum (downstream of where 
air is exhausted). Ventilation air is circulated by the furnace fan. 

RETURN AI R  SUPPLY AIR 

'I; t7 ..i:::... 
HRV SUPPLY AIR 

-

Q ...._ 

HRV EXHAUST AIR HEAT RECOVERY VENTILATOR 

I 
I I 
I 1 

I 11 
A INTAKE '<7' EXHAUST 

Figure 2.3: Schematic Drawing of Simplified Standard HRV System 
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2.1.4 Simplified Cross Furnace 

Simplified cross furnace HRV installations are a modification of the 
Simplified Standard Installation. Again, air is exhausted from and supplied to 
the furnace ductwork and circulated via the furnace fan. These installations 
fall into two categories; those that exhaust from the return air plenum and 
supply into the supply air plenum, and those that exhaust from the furnace 
supply air plenum and supply to the furnace return air plenum. 

{ RETURN AIR SUPPLY AIR 
r 

HRV SUPPLY AIR � w HRV EXHAUST AIR 

WQ 

HEAT RECOVERY VENTILATOR 

I ·--p><q : 
==:Jr--���-=======� ""V EXHAUST 

Ii�����-
A. INTAKE 

Figure 2.4: Schematic Drawing of Simplified Cross Furnace HRV System 

2.1.5 Phase I House Data 

Table 2. 1 provides a breakdown of the houses included in Phase I of the 
study by age, type, and location. 
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Table 2.1 : House Type and Age Distribution 

Type Region Age Subtotal 
2 - 4  5 - 7  8 years 

years years plus 
Fully Ducted Western Region 3 4 2 

Central Region 4 2 1 
Eastern Region 3 2 4 

Subtotal 
Extended Western Regi_on 3 3 

Central Region 7 1 4 
Eastern Reoion 4 1 1 

Subtotal 
Simplified Standard Central 6 
Simplified Cross Central 5 
Subtotal 
Total 35 1 3  1 2  

All of the in spected in stallation s had HR.V s with cro ss-flow heat recovery 
core s. None of the in spected in stallation s had HR.V s with thermal wheel s for 
heat and moi sture recovery. 

The simplified standard and cro ss furnace sy stem s were only prevalent in the 
Central Region. It should be noted that a large percentage of the simplified 
sy stem s in spected were in stalled by a single large mechanical contracting 

firm. Thi s wa s unavoidable since thi s contractor doe s the majority of 
in stallation s for tract builder s in the Ottawa area. 

2.2 Coding System Used in Report 

Becau se many hou se s  were in spected and te sted a s  part of thi s project, a 
mean s of tracking re sult s and finding s had to be developed, which wa s, at 
once, accurate and comprehen sive, a s  well a s  ea sy to u se. The following four
part, alpha/numeric code sy stem wa s e stabli shed and u sed in the preparation 
of thi s report. 

CODE CONFIGURATION 
1. character: House Location (region) 
2. character: H RV Installation Type 
3. number: H RV Installation Age 
4. number: Order in Which Houses Were Found Within Category 

Field Survey of Heat Recovery Ventilation Systems 
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1 .  HOUSE LOCATION (15r character) 
"W" = Western region 
"C" = Central region 
"E'' = Eastern region 

2. HRV INSTALLATION TYPE (2"d character) 
"F" = Fully Ducted system 
"E" = Extended system 
"S" = Simplified 1 system 
"C" = Cross-Furnace (Simplified 2) system 

3. HRV INSTALLATION AGE (3rd character) "O" = New House (Phase Ill Ventilation System testing only) "2" = 2 to 4 years old 
"5" = 5 to 7 years old "8" = 8 years old or older 

EXAMPLE 
CE2-3 = Central region; Extended system; 2-4 years old; House No. 3 

2.3 Phase ID - Homes and Systems for Phase ID Testing 

Twenty homes were selected for the Phase III testing in the study. Since all 
system types were represented in the Central Region and to maintain 
consistency in testing and to reduce costs, the homes were all drawn from the 
eastern Ontario area. 

It was crucial that the group of test houses be somewhat representative of 
common HRV installation systems used in Canada. The following list breaks 
down the 20 test homes based on installation type: 

Fully Ducted Systems 5 
Extended Systems 8 
Simplified Standard Systems 5 
Simplified Cross-Furnace Systems 2 

2.4 Phase IV - Alternative HRV System Installations for Testing 

An agreement was made with a builder for the use of a bungalow that was 
almost ready for occupancy, but had not yet had the HRV component of the 
ventilation system installed. Alternative ventilation systems, based upon 
NRCan's conceptual systems, were designed and installed. The HRV wann
side ductwork was configured in such a way that, with minimal effort, the 
ventilation system could be rearranged from one alternative ventilation 
strategy to another. Conventional fully .ducted, extended, and simplified 
systems were also configured and tested in this house. 
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A discussion of the test house is included in Appendix E. 

2.4.1 System 1 - Simplified System with Backdraft Damper 

This simplified system was installed with the HRV drawing exhaust air from 
the furnace return and supplying fresh air to the supply plenum. A backdra ft 
damper was located in the vertical section of the furnace supply air plenum 
between the furnace and the point where the HRV fresh-air supply was 
connected. It opened due to air pressure when the furnace fan was operating 
and closed due to gravity when the fan was not operating. 

The damper, therefore, prevented the fresh air delivered by the HRV from 
flowing through the furnace and return air system when the furnace was not 
operating. Dampers were installed to simulate low system air flow rates 
provided by an electronically commutated (ECM) DC motor. 

This system was designed to test two configurations that could become 
co mmon installation practice. The first was the use of an ECM motor with a 
simplified system. Particularly with the electronically commutated (ECM) 

RETURN AIR SUPPLY AIR ';> 

HRV EXHAUST AIR HRV SUPPLY AIR 

BACK DRAFT 
�--· DAMPER 

'\:17 Lt:I,.. 

� (0 ELECTRONICA LY COMMUTATED FAN MOTOR 

. H EAT RECOVERY VENTILATOR 
I 

�I I 

r 
�INTAKE EXHAUST 

Figure 2.5: Schematic Drawing of System 1 
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motors now available for furnace fans, the low speed continuous air flow rate 
can be a much smaller fraction of the higher speed settings for heating and 
cooling. The intention was to detennine whether the advantages of low-speed 
operation, low-noise generation, and low-energy use, were offset by 
reductions in distribution effectivenes·s. Testing was carried out to detennine 
the effect .of low-speed operation on the distribution of ventilation air via a 
ductwork system designed for a higher operating air flow rate. 

The system was also designed to test the distribution of ventilation air when 
the furnace fan was not operating. During the earlier phases of the study, it 
was found that many of the surveyed occupants were not operating their 
furnace fan when their HRV was operating. The reasons for this included: 
they were unaware that they should; they found it noisy; or they were 
concerned about operating costs. 

The concern with a typical simplified ventilation system when the furnace fan 
is not operating is that the air supplied by the HR V could either flow through 
the furnace and supply ductwork or through the return ductwork. Resistance 
is usually far less on the return side and it would be expected that most of the 
air would flow out of the closest return air registers and leak in the return air 
ductwork. Much of the fresh air would likely be exhausted outside again due 
to suction from the HRV exhaust pickup that is also connected to the furnace 
return. 

To distribute the fresh air without the furnace fan operating, the HRV supply 
was connected to the most airtight side of the distribution ductwork with 
smaller registers. This increased the air flow within the supply ductwork, and 
ultimately caused more air to move further through the system than it would 
in a return system with leaky ductwork and large registers. Also, the supply 
system typically had a register in all rooms whereas the return system did not. 
For these reasons, the fresh air from the HRV was provided to the supply 
plenum instead of the return plenum. 

2.4.2 System 2 - Extended System with Backdraft Damper 

This system was identical to System 1 with the exception that the exhaust air 
for the HR V was taken from the kitchen and bathrooms instead of the return 
air plenum. The purposes of testing this alternative system installation were 
the same as those for System I. The intent was to compare the effect of 
drawing stale air from the bathrooms and kitchen on the apparent net 
mechanical AC/H rates in living areas when the circulation system was not 
operating. 
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Figure 2.6: Schematic Drawing of System 2 

2.4.3 System 3 - Supply to Central Location, Exhaust Fans in  Bedroom 
Doors 

The installation of fans in or above bedroom doors was perceived, in the 
Energy Impact of Ventilation Air Distribution report, to be a ventilation 
option with low installation and operating costs. The premise was that 
supply-side HRV ductwork in houses without forced-air heating systems 
could be reduced through the use of small fans above bedroom doorways to 
aid in distribution and circulation. The air drawn from bedrooms was to 
induce air circulation with adjacent ventilated spaces. During the testing, 
small, efficient, axial fan motor sets were installed and operated at the rates 
required by CAN/CSA-F326-M9 1 for rooms not directly supplied by 
ventilation air. The exhaust air rates from the master bedroom and the other 
bedroom were 20 Lis and 1 0  Lis respectively. 

The HR V exhausted from the kitchen and bathrooms during all testing. An 
ensuite bath for the master bedroom also exhausted air during testing. 

During one test, the HRV central air supply location was in the living room 
of the first storey. In the other test, the central supply was placed in the 
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Figure 2.7: Schematic Drawing of System 3 

basement to simulate a typical, two-storey house with a ventilation air supply 
in the first storey living area only and bedrooms located on the second storey. 

2.4.4 System 4 - Supply to Central Location, Exhaust Fans in Bedroom 
Closets 

System 4 was based on the same premise as System 3. The difference was in 
the location of the small exhaust fan. In System 4 the small fans exhausted 
stale air from bedroom closets to the floor below instead of exhausting air 
from the bedrooms into the hallway on the same floor as they did in System 
3. 
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Figure 2.8: Schematic Drawing of System 4 

Field Survey of Heat Recovery Ventilation Systems 15 





3.0 METHODOLOGY 

3.1 Phases I and II -
HRV System Inspections, Occupant and Telephone Survey 

The HRV system inspections and occupant surveys were completed for 60 
homes. Chosen to be as representative as possible of the Canadian housing 
stock, the selection criteria for the homes included: 

• geographic region; 
• HR V installation type; and 
• age of installation. 

An HRV System Impection Form was prepared and used to investigate and 
document the status of the ventilation system. A copy of the inspection form 
is included in Appendix F. 

During the inspection, the investigator documented the way in which the 
HRV was originally installed, surveyed the existing condition of the 
components of the system, and measured the air flow capabilities of the 
system at the time of the inspection. Major deficiencies and occupant-related 
adjustments and modifications were also noted. 

The Occupant Survey was designed to gain infonnation in the following three 
areas: 

1 .  the occupants' understanding of the operation of their ventilation 
system, 

2. The occupants' understanding of how their ventilation system 
interacted with other systems in their home, and 

3 .  The way in which the occupants used and maintained their 
ventilation system. 

A copy of the Occupant Survey form is included with this report as Appendix 
G. 

The inspection and survey findings were statistically analyzed to quantify the 
results. This made it possible to determine where deficiencies were most 
likely to occur. Further analyses related the results of the occupancy and 
telephone surveys with the HRV inspection results. Table 3. 1 lists the 
subgroups chosen for the statistical analysis. 
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Table 3.1 : Subgroups Used in Analyzing Responses to 
Inspection and Survey Questionnaires 

ALL SYSTEMS 

GROUPED BY SYSTEM 
Fully Ducted 
Extended Ducting 
Simplified Ducting 

GROUPED BY REGION 
Central 
Central without simplified 
East 
West 

GROUPED BY AGE OF HRV 
2 to 4 years old 
2 to 4 years old without simplified 
5 to 7 years old 
8 years plus 

GROUPED BY REGION & SYSTEM 
Central Fully Ducted 
Central Extended Ducting 
Central Simplified Standard 
Central Cross-Furnace 
East Fully Ducted 
East Extended Ducting 
West Fully Ducted 
West Extended Ducting 

Appendices A and B contain the questions and responses for both the 
inspection results and survey findings respectively. The results are expressed 
as a percentage of houses to which a particular question was applicable within 
each group. Not applicable (NA) was used for groupings where the question 
was not app1ic�b1� to all houses within the grouping. 

The Telephone Survey was conducted with 15 Ottawa homeowners of tract
built housing. Each reportedly had a simplified system. The questionnaire 
used in the telephone survey was a simplified version of the questionnaire 
used for the Occupant Survey. 

A copy of the Telephone Survey form is included in Appendix G. This survey 
provided additional perspective on occupant understanding and usage of their 
ventilation system and, thus, increased the breadth of the study. 
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3.2 Phases ID and IV - Ventilation Effectiveness Testing 

3.2.1 Definitions 

The following terms are used to discuss the ventilation effectiveness testing 
in the methodology, the test results, conclusions and recommendations. 

A ir Change Rate: The rate at which air changes within a room or house; 
usually expressed in terms of air changes per hour (AC/H). 

Note that an air change rate of I per hour means that the volume of fresh air 
brought into the room is equal to the volume of the room. Assuming perfect 
mixing prior to air leaving the room at all times, this would lead to the air 
originally in the room being diluted to 37 per cent of the total room air at the 
end of the hour. 

Natural Ventilation A ir Change Rate: The rate at which outdoor air enters the 
building envelope due to natural causes, such as wind and stack effect. 

Total Ventilation A ir Change Rate: The rate at which outdoor air enters the 
building due to natural causes, such as wind and stack effect, and mechanical 
causes, such as HR V operation. 

Mechanical Ventilation A ir Change Rate: The rate at which outdoor air enters 
the building envelope due to mechanical causes only, such as HRV operation. 

The Mechanical Ventilation Air Change Rate is equal to the Total Ventilation 
A ir Change Rate minus the Natural Ventilation A ir Change Rate. 

From the tracer gas testing, it was possible to calculate the following: 
• Apparent Natural Ventilation A ir Change Rate 
• Apparent Total Ventilation A ir Change Rate 
• Apparent Mechanical Ventilation A ir Change Rate 

These terms correspond to those previously discussed with the addition of the 
word apparent in the term because they do not differentiate between: 

• fresh air supplied to a room directly from outside via the 
ventilation/circulation system, or 

• interzonal movement of air brought into the house after testing 
began. 

By including the air not directly supplied from outside to the rooms in the air 
change rates, the calculated air change rates become more similar throughout 
the house than they would be if all fresh air either remained in the room to 
which it entered or was exhausted from this room without entering another. 
This tends to make the air change rates appear to be greater in rooms where 
the direct delivery of fresh air is relatively low, and appear to be lower in 
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rooms where the direct delivery of fresh air is relatively low, and appear to be 
lower in rooms where the direct delivery of fresh air is relatively high. 

Throughout the text, the previously defined apparent terms are defined in 
respect to air changes per hour by the following abbreviated names: 

• Apparent Natural A C  I H 
• Apparent Total AC I H 
• Apparent Mechanical A C  IH 

Mean Age of A ir is the average time that air in a particular space has been 
within the building (average time since air came from outside). 
Mathematically, it is the reciprocal of the air change rate in a given location. 
A-fean age of air has been used to refer to the reciprocal of the calculated 
Apparent Mechanical A CIH values. 

Ventilation Effectiveness is defined as the portion of the fresh air that reaches 
the living space. Ventilation effectiveness does not provide a measure of the 
removal of stale air. 

3.2.2 General 

The testing under Phases III and IV was fundamentally aimed at assessing the 
effectiveness of ventilation systems that, by normal industry measures (i.e. 
through the measurement of HRV air flows), were thought to comply with 
Canadian Codes and/or CAN /  CSA-F326-M9 l Residential Mechanical 
Ventilation - the key ventilation standard used today. 

Three factors were considered important. These included: 
• the overall house air change rate, 
• the distribution of air to various rooms in the house, and 
• the mixing of air within the individual rooms. 

The test methods used were experimental in nature. 

Mechanical ventilation systems provide one aspect of air change in houses. 
Air change at any location in the home is affected by: 
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• natural air change; 
• air diffusion to/from other spaces; 
• stratification and mixing; and 
• cross contamination of supply and exhaust air stream. 



Where possible, attempts were made to try to determine the impact of these 
factors on the measured ventilation rates. 

At the basic level , it was necessary to measure air change rates with and 
without the ventilation system running. In this way, it was possible to "net 
out" the natural ventilation from the mechanical ventilation air flows. 

Closely related to the ventilation ducting scheme was the o peration of the 
furnace fan and its impact on air distribution. Because systems with 
simplified ductwork or extended ductwork employ the furnace ductwork to 
distribute ventilation air, the impact of "furnace on" versus "furnace off' was 
of obvious interest. Forced-air heating systems recirculate a considerable 
amount of air throughout the building; in most cases, air flows through a 
forced-air furnace will be five to ten times the flow through the HRV. This 
could have a significant impact on the stratification of air and distribution of 
ventilation air between rooms and could also result in the short-circuiting of 
ventilation air with in the forced-air heating system. 

Doors, pa rtitions, floors, furnishings and other interior features can act to 
limit air distribution and circulation in the home and in individual rooms. As 
well, the proximity of a given room to the distribution fans may affect the 
amount of ventilation air it receives. Further away from the ventilation fan, 
the combined impacts of duct lea kage and pressure losses may limit flows. 

The testing carr ied out under Phase III was aimed at attempting to quantify 
these effects. 

A tracer gas decay test method was used to assess air change rates. The tracer 
gas (Sulphur Hexafluoride) was distributed as evenly as possible throughout 
each house prior to testing. Air was drawn from each monitoring location 
three times over the time frame of each test. (Monitoring locations are 
discussed in the following section). Outside air did not contain the tracer gas 
and, once testing began, the concentration of the tracer gas decreased as the 
outside air entered the room by natural and mechanical means. By mea suring 
the decay in the concentration of the gas over the time frame of the test, the 
air change rate was derived. The o perating conditions of the ventilation 
system and the locations of sampling points will have an impact on the extent 
to which the measurements reflect whole house ventilation rates, room-by
room ventilation rates, natural air change rates, or other factors related to 
ventilation, such as short-circuiting within rooms and cross contamination. 

Because so many factors can affect ventilation in individual zones, a test 
procedure was required to facilitate the on-site analysis of results in order to 
identify and account for anomalous results. To this end, the direct 
measurement of tracer gas concentrations on site was undertaken using a 
Lagus Technologies, multi-port Sulphur Hexafluoride (SF6) portable gas 
chromatograph. The equipment was capable of taking gas samples from eight 
different locations during each test. 
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Three configurations of the various parameters affecting ventilation within 
the house were chosen for the study. The three chosen were considered to be 
the most significant although many different operating parameters affect the 
ventilation rate. These were: 

• ventilation system on/off - to determine the portion of air change 
that was related to the mechanical ventilation system� 

• interior doors open/closed - to assess the impact of closed doors 
on ventilation flows within individual rooms; and 

• forced-air heating system on/off (if applicable - to assess the 
effect of furnace fan operation on air distribution. 

Table 3.2  outlines the configurations of the test house and their systems as 
they were used for the testing. Test Type A for a simplified system, for 
example, involved tracer gas testing of the house with the HRV turned off, 
the furnace fan on and the interior door were open. Test Type E for all 
installations included intensive sampling in one room. Air was sampled to 
determine tracer gas concentration from different elevations and floor plan 
locations within the room. 

Table 3.2: House Configuration by Test Type 

For Simplified and Extended Installations: 

Test Type HRV 

A OFF 
8 ON 
c ON 
D ON 
E ON 

For Fully Ducted Installations: 

Test Type 

A 
8 
c 
E 

HRV 

OFF 
ON 
ON 
ON 

Furnace Fan 

ON 
ON 
ON 

OFF 
ON 

Furnace Fan 

NIA 
NIA 
NIA 
NIA 

Interior Doors 

OPEN 
OPEN 

CLOSED 
OPEN 

OPEN (intensive) 

Interior Doors 

OPEN 
OPEN 

CLOSED 
OPEN (intensive) 

Note: Intensive tests were carried out with four or more probes in the same room 
to determine the variation in apparent ventilation rates within rooms. 
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3.2.3 Tracer Gas Testing Procedure 

The following summarize s the experimental tracer ga s te sting procedure u sed 
in the study. 

House Conditions 
Prior to relea sing the tracer ga s, all exterior window s and door s were shut and 
all exhau st equipment wa s turned off Fireplace door s were shut. All 
intentional opening s, such a s  combu stion air inlet s and HR V out side port s, 
were le ft un sealed. Thi s co nfiguration wa s con sidered to be st repre sent a 
minimwn ventilation condition. 

Jvfonitoring Locations 
The monitoring location s were e stabli shed at the site s for which the apparent 
air change rate s were to be calculated. Location s were cho sen to permit the 
calculation of the apparent air change rate s for di stinct zone s throughout the 
hou se with a bia s toward s living area s. Typically, the monitored location s 
included two bedroom s, the living room, kitchen and ba sement. 

The mo st appropriate location s for sampling point s within the room s were 
determined on the ba si s  of preliminary te sting carried out in the fir st three 
hou se configuration s (See Appendix C, Section 1 .0 :  Mixing Within Room s). 
Unle ss otherwi se noted, the room-by-room air change rate s were arrived at 
u sing sampling point s located in the centre of the room at mid-height ( 1 .2 m 
above floor level). 

Sampling wa s al so carried out at the return air grille s and HRV exhau st air 
grille s in fully ducted hou se s  to dete nnine if the air wa s fre sher at thi s 
location than in the middle of the room . Thi s would indicate the short
circuiting of ventilation air in the room s. 

Distribution o[Tracer Gas 
The tracer ga s wa s di stributed a s  evenly a s  po ssible throughout the hou se 
prior to te sting in order to reduce the effect of air change between the room s. 

In hou se s  with furnace fan s, the tracer ga s wa s relea sed into the return air 
plenum and the furnace fan wa s run until the tracer ga s concentration wa s 
relatively even throughout the hou se. In hou se s  with fully ducted sy stem s, 
tracer ga s wa s injected into each room and di stributed u sing hand held fan s. 

Equipment Operation 
The equipment wa s operated at the setting s given for each one of the te st s  in 
Table 3.2. Where the HRV wa s in operation, it wa s ru nning and balanced at a 
rate clo se to the CAN/CSA-F326-M91 MVC rate. When a furnace fan wa s in 
operation, it wa s run ning at the low speed continuou s rate. Since the heating 
and cooling mode rate s were higher or equal to the se rate s on all te sted 
sy stem s, the se were the wor st ca se condition s for air di stribution in the hou se. 
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Testing 
An air sample from each location was analyzed every two minutes from the 
start of each test to determine the concentration of the tracer gas. 

The greater the amount of fresh air brought into a room, the faster the decline 
in the tracer gas concentration. A sample plot of a decay curve is illustrated in 
Figure 3 . 1 .  This plot shows the tracer gas concentration curves for each of the 
eight sampling port locations. The sampling time was selected to allow for a 
minimum of three readings at each sample location. 

N'S& 
---0 �"--6 

5 1 0  1 5  20 25 30 35 40 45 

Time (min) 

Figure 3.1 : Sample Tracer Gas Decay Curve 
(House CE2-3, Test C, Numbers reference sampling locations) 

Resetting 
After the test, the ventilation equipment was turned off. Prior to running the 
next sequence of tests described in Table 3 .2, steps were taken to reestablish 
an even distribution of the tracer gas at an appropriate concentration. 
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Calculation o(Apparent Ventilation Rate 
The apparent ventilation rates were calculated from each series of three data 
points for a given location based upon the following formula. 

I =  l /t*In(Co/Ct) 

where I is the apparent ventilation rate, 
t is the time, and 
C is the concentration of tracer gas over time. 

The apparent ventilation rates were determined based upon a line estimate of 
the natural logarithms of the tracer gas concentrations over time. 

The coefficient of determination, a measure of the strength of the fit of the 
line to the individual data points, was used to determine the validity of the 
recorded data. Only test data with a coefficient of determination of greater 
than 0.75 were used in the analyses. 

3.3 Air Flow Measurements 

The HR V air flow rates were measured prior to testing to determine the 
amount of fresh air entering the house mechanically. The air flow through the 
HR V supply and exhaust grilles within each home was measured. Similarly, 
the air flows through the furnace supply and return air grilles were also 
measured. 

The intent was to investigate the expected distribution of ventilation air based 
on these flow measurements, and to compare them with the distribution of 
ventilation air found using tracer gas testing. 

The CMHC duct test rig was used for all flow measurements at HRV and 
furnace grilles. Unfortunately, it proved to be inaccurate at low flow rates. 
Air flows on high wall registers were also estimated based on the time it took 
to inflate or deflate a bag of known volume. The bag method was chosen 
because of the sum of the exhaust and supply flows using this method were 
found to be relatively close to those measured using flow measuring stations 
in the ductwork. This was an improvisational measure required because of 
the problems experienced with the CMHC duct test rig. No calibration was 
done to determine the effect of bag inflation resistance. 

For comparison purposes, the bag method of air flow measurement and the 
duct test rig air flow measurements were taken on the same furnace 
circulation system registers at some houses. 

For fresh air delivered by the HRV to the furnace, it was assumed that the 
same proportion of fresh air to supply air was delivered to each room. 
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Direct supply air rates were determined by taking the fraction of the supply 
air rate at a given register to that of all registers and multiplying it by the 
measured HRV supply flow rate. No attempt was made to account for air 
leakage from the furnace supply air system or from the HRV to furnace 
return air connection. 

3.4 HRV Cross Contamination 

During the latter half of the study, four single point tracer gas concentration 
measurements were taken in the warm and cold side ductwork of the HRV 
for both the supply and exhaust air streams. This was carried out in order to 
determine the extent of cross contamination within the HR V core and the 
extent of contamination outside the building envelope from the exhaust port 
to the supply port. 
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4.0 TRENDS 

4.1 HRV Installation Type 

The percentage of homes built without forced-air heating systems on the East 
and West Coasts is far greater than it is in the Central Region. Fully ducted 
HRV installations were far more prevalent on the two coasts. 

In Ontario until the early 1 990s, the majority of HRV installations were the 
extended type. As HR V installations have become standard practice for many 
tract home builders, however, simplified systems have become more 
prevalent. 

4.2 Guidelines, Standards and Building Codes 

Over the time frame of the installations of the HRV systems included in this 
study, guidelines, standards and building code provisions were introduced 
and revised to define good practice in HRV installation and to regulate the 
installation of the HR Vs. 

In 198 1 ,  when the first HRV system included in this study was installed, 
standards of good practice had not been defined. 

In 1982, the R-2000 Program was established. HR V installations in R-2000 
homes were required to meet the requirements set out by the R-2000 
Program. 

Soon thereafter, the Heating, Refrigeration and Air-Conditioning Institute of 
Canada (HRAI) produced an Installers ' Manual for Heat Recovery 
Ventilators. This manual was designed for those installing HRVs in R-2000 
housing. It defined the standard of good practice required in R-2000 housing 
and was a reference point for other installations. It continues to be used in 
installer training sessions today. The manual has been revised and broadened, 
and is now titled Installation Manual for Mechanical Ventilation Systems. 

In 1985, the Canadian Standards Association (CSA) published CAN/CSA
C439, Standard Methods a/Test Rating the Performance of Heat-Recovery 
Ventilators. This standard was updated in 1988. All models ofHRVs used in 
R-2000 houses are required to have been independently tested in accordance 
with this standard to ensure that they meet performance requirements. 

In 1 985, CSA also published CAN/CSA-C444, Installation Requirements for 
Heat Recovery Ventilators. In 1 99 1 ,  the CSA withdrew this standard and 
replaced it with CAN/CSA-F326, Residential Mechanical Ventilation 
Systems. HRV installations in R-2000 houses have been required to meet this 
standard since September 1 ,  199 1 .  
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During the 1 990s, residential ventilation requirements in building codes have 
changed rapidly. Mechanical ventilation requirements in the 1 990 National 
Building Code (NBC) became more stringent. Part 9 of the 1 995 NBC makes 
CAN/CSA-F326-M9 1 one of the options available for the design and 
installation of HR V ventilation_ systems. 

The revisions to the Ontario Building Code (OBC) in 1 993 required the 
installation of HR.Vs in all electrically heated homes. 

For the purposes of this study, comments and noted deficiencies have been 
discussed in relation to the following guidelines, standards and codes: 
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• 1992 HR.AI Installation Manual for Residential Mechanical 
Ventilation Systems 

• CAN/CSA-F326-M9 1 Residential Mechanical Ventilation 
Systems (October 1 993 Edition) 

• 1990 NBC 
• 1990 OBC with 1 993 amendments 



5.0 PHASE 1 - HRV SYSTEM INSPECTION RESULTS 

In this section, the inspection results for each item are reviewed individually. 
The organization of the section is based on the organization of the survey 
used in the field and highlights the results of the relevant questions from the 
survey. The requirements for the installation of the component as outlined in 
the related guidelines, standards, and building codes are identified first. The 
statistical results from the survey are then documented. This i s  followed, 
where applicable, by comments on the deficiencies as they relate to the 
guidelines, standards, and building code requirements. 

Appendix also contains a summary of the HRV air flow measurements at 
each house. 

5.1 HRV Installation 

Warm-Side Ductwork 

Appendix A Inspection Results, Question 13 
The assessment of the ductwork requirements was based upon the guidelines 
and performance requirements of the HRAI Installation Manual, CAN/CSA
F326-M9 1 and building codes. 

The ductwork for more than four in five of the non-simplified HRV 
installations appeared to be reasonable sized according to standards of good 
practice. 

In most of the simplified installations inspected, flexible ductwork was used. 
Very little consideration appeared to have been given to the design and 
installation of this ductwork. Often inappropriate connection and transition 
sections were used, such as taping a flexible duct supply from the HRV to the 
furnace return. 

Cold-Side Ductwork 

Appendix A Inspection Results, Question I 5 
The HRAI Manual and CAN/CSA-F326-M9 1 detail how insulation and 
vapour barriers are to be installed on the cold side ductwork. The HRAI 
Manual also discusses preventing the compression of cold side insulation. 
The current OBC requires insulation on cold-side ductwork, but does not 
state that a vapor barrier is required. 

Only half the HRV installations inspected had adequately installed cold-side 
ductwork. The most common problems included poor sealing of vapour 
barrier at connections and the compressions of the insulation by support 
straps or surrounding material . In many simplified system installations, 
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ductwork was substantially compressed between the joist and top plate of the 
framed basement wall. 

The insulation was either partly or altogether missing in five of the 
installations noted to have deficiencies related to the installation of cold-side 
ductwork. 

Vibration Isolation 

Appendix A Inspection Results, Question I 4 
The HRAI Installation Manual provides details on the vibration isolation of 
the HRV unit and the ductwork. CAN/CSA-F326-M9 1 states that vibration 
isolation is to be installed as per manufacturers' instructions and details the 
vibration isolation of the HRV from the building structure. Vibration 
isolation is not discussed in the NBC. It is required to be installed as per 
manufacturers' recommendations in the OBC. 

I IRVs were generally suspendt:d properly and had flexible duct vibration 
isolation on the cold and warm side ductwork in over 80 per cent of the 
installations inspected. 

HR V Condensate 

Appendix A Inspection Results, Question 9 
The HRAI Manual and the OBC both require condensate tubes to be trapped. 

Two thirds of the homes in the Central Region had condensate tubes 
containing traps. This was a relatively uncommon practice on the East and 
West Coasts, where 20 per cent or less of the inspected HRV installations had 
condensate tubes containing traps. 

Kite/ten Grease Filters 

Appendix A Inspection Results, Question 7 
CAN/CSA-F326-M91 requires a grease filter to be installed in the kitchen 
exhaust port. It must be possible to remove the filter without tools. The NBC 
and OBC do not require a grease filter, if the exhaust duct is accessible for 
cleaning. A definition is not given for "accessible" in the Codes. 

Kitchen grease filters were installed in 50 per cent of the homes inspected in 
the Central Region. However, on the east and west coasts, less than 20 per 
cent of the homes had kitchen grease filters. 
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Exterior Ports 

Appendix A Inspection Results. Question I 6 & I 7 
The HRAI Manual recommends a minimum clearance of 6 feet from 
contaminant sources to the HRV supply port. CAN/CSA-F326-M9 1 and the 
OBC both require a minimum clearance of 3 feet (900 mm). It should be 
noted that the Ontario Gas Utilization Code requires that the minimum 
clearance for a fresh air intake from the exhaust port of a gas appliance be 6 
feet. The clearance for a gas regulator is 1 0  feet (3 metres). 

Twenty-two per cent of the inspected HR V installations had a pollutant 
source within six feet of the supply port. The most commonly noted pollutant 
sources were HRV and clothes dryer exhaust ports. Other potential pollutant 
sources noted within six feet of the HRV supply port included: a gas 
regulator, central vacuum exhaust ports, and a bathroom fan exhaust port. 

A few of the inspected hood assemblies were installed at elevations below 
those recommended by the guidelines and the codes. Some of the hood 
assemblies were installed in inaccessible locations, such as under decks or 
against deck header plates. Bird screens were missing in two of the hood 
assemblies inspected. 

Typically, the HRV intake and exhaust ports of installations four years old or 
older were equipped with galvanized steel or aluminum hoods coupled with 
hinged screens. Many of the newer installations had plastic port assemblies 
with snap-in-place grilles in front of the bird screens. Often these snap-in
place grilles had already been broken or were missing. 

5.2 Controls 

Appendix A Inspection Results, Questions I to 4 
The HR.AI Manual recommends the use of dehumidistats in living areas and 
high-speed timers in kitchens and bathrooms to control HR.Vs. CAN/CSA
F326-M9 1 requires a controller to be installed to allow the occupant to 
reduce the HR V air flow rates. The OBC requires a switch for the HR V in the 
living area to allow the occupant to turn the HRV on and off. 

Eighty-three per cent of the inspected installations had operable 
dehumidistats which properly controlled the HR V. 

None of the HR.Vs installed in simplified systems had any remote controls to 
vary HRV speeds, although some had living area switches to turn on the 
HRV. 

Only 23 per cent of the installations had operable dehumidistats for the HRV 
in the living area. Older installations were more likely to have remote 
controls in the living area. Even after excluding tract-built homes with 
simplified systems, the percentage ofHRV installations in the two- to four-
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year old category with living area remote controls was less than half the 
percentage of older installations with living area remote controls. 

As air is not directly exhausted from bathrooms by the HR V in homes with 
simplified systems, these systems do not have high speed remote controls in 
bathrooms. For houses with fully ducted and extended systems, 75 per cent of 
the homes had remote speed timers in bathrooms to initiate high-speed 
opernlion of the HRV. 

Ventilation systems that use forced-air systems to circulate ventilation air are 
required to have switches to run the furnace fans continuously in the HR.AI 
guidelines and CAN/CSA-F326-M9 1 .  The 1993 OBC revisions also brought 
in this requirement. Of the homes with simplified systems, three of the eleven 
did not have a switch to allow the furnace fan to operate continuously. All 
houses with extended systems had these switches. 

5.3 Defrost Mode 

Appendix A Inspection results. Questions JO to 12  
Due to the mild West Coast climate, none of the HR.Vs inspected in  the west 
had defrost modes. A hundred per cent of the non-simplified, two- to four
year old HRV installations in the Central and Eastern Regions had damper
type defrost modes. Two-thirds of the simplified HR V installations had 
electric resistance-type defrost modes while the remainder had damper 
defrost mechanisms. 

Overall, the defrost mechanisms worked properly in 90 per cent of the HRV 
installations with a defrost mode. Of the four defrost mechanisms 
malfunctioning at the time of inspection, three were equipped with an electric 
coil on the supply intake of the HRV. A failed electric resistance defrost 
mechanism in one of the inspected units had caused the core to freeze. In two 
simplified cross-furnace HRV installations, the electric coil defrost 
mechanism could nol be activated. However, the homeowner was not aware 
of any problem because the warm exhaust air coming directly from the 
supply plenum defrosted the core. 

One mechanical damper did not close completely. As a result, the majority of 
air drawn in from the supply side was coming from the basement rather than 
outside. 
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5.4 Filters and Cores 

Appendix A Inspection Results, Questions 5 & 6 
In eighty per cent of the homes inspected, the filters and core were installed 
correctly in the HR V unit. 

Poorly fitted filters were a relatively common problem in the remaining HRV 
installations inspected. Some of the original filters had been poorly fabricated 
to begin with, and other HRVs were provided with filters not intended for use 
in that particular unit. As a result of ill fitting filters, large airborne particles 
and insects were able to enter the cores of the HRVs. 

The filters and cores of the HRV units appeared to be clean in just under 50 
per cent of the homes inspected. This figure dropped to under ten per cent for 
all HRV systems five years or older. 

5.5 Bird Screens 

Appendix A Inspection Results, Question 8 
The minimum bird screen mesh size referenced by guidelines, codes and 
standards is Y4 inch ( 6 mm). 

Overall, 74 per cent of the HRV installations had appropriate unblocked bird 
screens (either partially or completely unblocked). Of the 1 7  houses where 
this was not the case, 7 had screens blocked with debris, and 5 had 
inappropriate screens that, to a large degree, restricted air flow. These fine 
mesh screens had apparently been installed by occupants who were 
concerned about insects being drawn into the unit. In two cases, the bird 
screens could not be cleaned because they had been installed in inaccessible 
locations. Bird screens were missing altogether in two cases. 

5.6 Non-Operational HRV Installations 

Appendix A Inspection Results, Questions 20 
Non operational HRV installations were defined as those systems in which a 
component of the HR V system had failed, such that it prevented the 
ventilation system from operating as intended. 

Seven per cent of the inspected HR V installations were not operational. The 
supply air fan motors in two of these units had ceased to function. However, 
since both units also contained operational exhaust air fan motors, the 
homeowners could still hear their HR.Vs running and were not aware of the 
problem. In one instance, one of the cold-side ducts had been poorly 
connected to the HRV and had become detached from the unit. In the fourth 
installation, the electric coil had failed, allowing the core to freeze. 
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5. 7 Occupant Adjustment 

Appendix A Inspection Resultf>:., Question 27 
The two most common adjustments made by occupants to their HRV 
ventilation systems were: 

• installed a fine mesh screen on exterior ports to prevent debris 
from reaching the HRV (five cases); and 

• blocked or installed a damper on an HR V exhaust port within a 
room because they felt it was not required (three cases). 

Two of the fully ducted HR V ventilation systems inspected for the project 
were installed by the same mechanical contractor for environmentally 
hypersensitive people. Dampers had been installed in these systems to permit 
the occupant to divert HRV supply air into the furnace return during the 
winter. 

Other occupant adjustments included: 
• Addition of vibration isolation to an older HR V installation. 
• Addition of extra filters on the HRV supply side. 
• Adjustment of main trunk balancing dampers. 
• Removal of HR V fresh-air supply duct from the furnace return of 

a cross-furnace HRV system installation. 

5.8 HRV Balancing 

Appendix A Inspection Results, Questions 18 & 19, 21 to 26 
The supply und exhaust flow rates in HR.Vs are required to be within IO per 
cent of each other according to the HR.AI Installation Manual, CAN/CSA
F326-M9 l and the OBC. The HR.AI guidelines detail procedures for 
measuring air flows. CAN/CSA-F326-M91 requires the measurement 
technique used to be accurate within 1 5  per cent. The OBC makes no 
mention of measurement technique and performance. 

Appendix A contains R l isting of the CAN/CSA-F326-M9 1 required flow 
rates and the measured rates on high speed for each house with no other 
adjustment. 

Twenty-seven per cent of the inspected HRV installations had permanently 
installed flow measuring stations. The Ontario R-2000 Program requires flow 
measuring stations to be pennanently installed. Therefore, seven per cent of 
the homes included in the study (four homes in Ontario) have an impact on 
the above figure. These all had permanently installed flow measuring 
stations. 
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Fifty per cent of all HRV installations had balancing dampers installed in 
both the main supply and exhaust runs. 

Forty seven per cent of the installations were found to be balanced within 1 0  
per cent on the high speed. Twenty-nine per cent of the installations were out 
of balance by more than 40 per cent. Of these, the simplified, cross-furnace 
instalJations were the least l ikely to be balanced within 40 per cent. Furnace 
operation caused a net change in the HRV balance of more than 10  Lis (20 
cfm) in 1 8  per cent of the simplified systems and in 6 per cent of the 
extended systems. Furnace fan operation was found to have more of an effect 
on simplified cross furnace installations than standard simplified installations. 

It was not possible to achieve CAN/CSA-F326-M91 Minimum Ventilation 
Capacity (MVC) flow rates for many of the rebalanced simplified systems. 
The HR.Vs were adequately sized. However, the excessive use of flexible 
ducting often reduced air flow by 30 to 40 per cent from the expected flow 
for the given HRV. 

The HR.AI Manual, CAN/CSA-326-M91 and the OBC determine the 
minimum ventilation capacity based on the room count method so the above 
comments with respect to CAN/CSA-F326-M9 1 also apply to capacities with 
respect to these other codes and standards. 

Of the inspected installations, only 36 per cent had low-speed flow rates that 
were less than 60 per cent of the hjgh-speed flow rates. CAN/CSA-F326-
M91 requires a low-speed flow rate of between 40 per cent and 60 per cent of 
the MVC required rate. 

5.9 Equipment and Com ponent Failures 

Of the inspected HR.Vs, seven ( 12  per cent) had failed components. In two 
cases, the supply motors had ceased to function. The five remaining failed 
components were: a variable speed controller, a mechanical damper, and 
three electric defrost coils. Of the three electric defrost coils, one was within 
an HRV with a frozen core, while the other two did not begin to operate 
when required. 

A two-year old HRV system, included in the testing but not the inspection 
phase of this project, had flexible cold side ductwork in which the interior 
face had completely collapsed. This prevented air flow through the supply 
side ductwork. 

Field Survey of Heat Recovery Ventilation Systems 35 



5.10 Potential Health Concerns 

In one of the houses where the motor driving the supply side fan was no 
longer functioning, the operation of the HR V had caused backdrafting of the 
fireplace. 

In I 7 per cent ( l 0 out of 60 houses), the HR V exhaust air flow exceeded the 
supply air flow by more than 35 per cent at the time of inspection. As a 
result, any spillage-susceptible combustion equipment in these homes would 
have been susceptible to backdrafting when the HR V was operating. 

In one house where the HRV core was completely blocked, the homeowner 
stated the air quality was poor and they needed to open the windows in 
winter. 

In one case, a gas regulator was noted to be within 6 feet of the HRV exhaust 
port. It is required to be at least I 0 feet from the gas regulator as per the 
Ontario Gas Util ization Cude. 
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6.0 PHASE II - OCCUPANT AND TELEPHONE SURVEY RESULTS 

The Occupant Survey was completed in the field at the same time as the 
inspection of the HR V system. The approach was personal, and the 
interviewer was on hand to elaborate and explain where necessary. 

Based on the results of this initial survey, the Telephone Survey was 
developed by revising the Occupant Survey to focus on points of interest and 
to better accommodate the nature of the type of interview. 

Wherever possible, the report outlines the responses to the same or similar 
important questions from the Telephone and Occupant Surveys. 

From the responses received, it was inferred that 14  of the 1 5  homes 
surveyed by telephone had simplified-type installations. 

6.1 Information Transfer Mechanisms 

Appendix B Occupant Survey Results, Questions 1 to 3 
Two thirds of the occupants surveyed said the operation of their HR V had 
been explained to them. Over 80 per cent said l iterature had been provided 
with the unit, and three quarters of these occupants had read the literature 
provided. When classified by system type, the occupants of the houses with 
simplified HRV systems were least likely to have had the operation of their 
HR V explained to them or to have read the literature provided. 

Appendix B Telephone Survey Results, Questions 7 to 9 
Twenty per cent of the occupants surveyed by telephone reported receiving 
an explanation on how to operate and maintain their HR V. Eighty per cent of 
the occupants had been provided with literature on their system, and, of these, 
92 per cent had read the literature. 

6.2 Maintenance Agreements 

Appendix B Occupant Survey Results, Questions 4 to 5 
Eighteen per cent of those surveyed had made arrangements with a company 
to maintain their furnace, and ten per cent had made arrangements with a 
company to maintain their HR.Vs. 

6.3 Occupant Perception and Understanding 

Appendix B Occupant Survey Results, Questions 6 to 8 
Overall, 85 per cent of those surveyed demonstrated that they had a basic 
understanding of the purpose of their HRV. Those with HRV installations 8 
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years old and older were the most likely to understand the purpose and 
operation of their HR.Vs, while those with simplified systems were the least 
likely. 

Over 80 per cent of the surveyed occupants rated air quality in their homes to 
be good, and a similar percentage of those surveyed believed their HRV 
system had a positive i mpact on the air quality in their homes. The people 
living in homes with simplified HRV systems were the least likely to 
consider air quality in their home to be good or to believe that the HRV had a 
positive impact on air quality. 

Appendix B Telephone Survey Results, Questions J & 2 
Sixty seven per cent of the telephone surveyed occupants demonstrated that 
they understood the purpose of their HRV system. As these occupants had 
simplified systems, it was reassuring to note that this percentage was similar 
to the 73 per cent found for occupants with simplified systems in the 
Occupant Survey results. Of the occupants, 27 per cent understood how their 
HR.V worked. 

6.4 Occupant Understanding of HRV System and Components 
Appendix B Occupant Survey Results, Questions I 6 to 18 
Overall, only 42 per cent of those surveyed understood the use of their 
dehum idistat and its effect on humidity in their home. Far fewer (only 16 per 
cent) understood how their HRV defrost mechanism worked. 

Two thirds of the occupants living in homes with extended HRV systems 
understood the influence of the furnace fan on the effectiveness of their HRV. 
Unfortunately, only a third of those surveyed in homes with simplified HRV 
systems understood how the operation of their furnace fan could influence the 
effectiveness of their HRV. 

Only 23 per cent of those surveyed understood that negative effects could 
occur from running an improperly balanced HRV. Only 9 per cent of the 
occupants of homes with simplified installations understood this correlation. 

6.5 Occupant Usage 

Appendix B Occupant Survey Results. Questions 20 to 21, 25 to 34 
Eighty per cent of those surveyed used their HR.Vs continuously in winter, 
while the remaining 20 per cent used them intermittently. Approximately 75 
per cent of those surveyed used their HR.Vs continuously or intermittently 
during the spring, summer and fall seasons. It should be noted that, on the 
West Coast, all occupants ran their HR.Vs continuously throughout the year. 
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Seventy-five per cent listed reasons, such as open windows during the 
summer, for not running their HRV continuously for part of the year. Fifty 
per cent of the respondents provided reasons, such as "house too dry", for 
why they might not run their HR.Vs continuously in the winter. 

Sixty-six per cent of the occupants surveyed reported that two or more people 
interacted with the HR V. Where high-speed timers were provided, most 
occupants used them. 

Appendix B Telephone Survey Results, Questions 12, 1 7, 23, 38 & 39 
Eighty per cent of the telephone surveyed occupants reported they operated 
the HR V - and the corollary to this was 3 of the 1 5  respondents did not 
operate their HRV at all. 

Seventy-one per cent of the occupants with HRV systems connected to the 
furnace ductwork operated their furnace fan in automatic rather than the 
continuous mode. 

During the cold weather months, 67 per cent of the occupants used their 
HR.Vs all the time. Twenty per cent of the occupants claimed to operate their 
units on a periodic basis. During this time period, only 27 per cent of the 
occupants found the air in their homes to be very fresh, while 67 per cent 
found the air to be acceptable. 

When asked about the humidity in their homes during the cold weather 
months, 53 per cent of the occupants found the air to be too dry, while 47 per 
cent found the humidity level to be acceptable. 

6.6 Occupant Maintenance 

Appendix B Occupant Survey Results, Questions 9 to 15 
Over eighty per cent of the surveyed occupants claimed they cleaned some 
components of their HR V system at least once a year. Eighty-one per cent 
claimed they cleaned their filters at least once a year. Fifty-one per cent 
claimed they cleaned their bird screens once a year, and 53 per cent claimed 
they cleaned their core at least once a year. 

Where grease filters had been installed in the kitchen exhaust ports, most of 
the occupants surveyed claimed they cleaned these filters at least once a year. 

Appendix B Telephone Survey Results, Questions 26, 29, 32, &33 
Sixty-seven per cent of the occupants surveyed by phone reported someone in 
the house performed maintenance on the HR V unit. 
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Seventy-three per cent of the occupants were aware of the need to clean the 
filters in the HRV. Sixty per cent of all respondents cleaned the filters at least 
once a year. 

Forty per cent of the occupants could confirm the outside ports were 
equipped with bird screens. Only one of the 1 5  occupants cleaned the screens 
at least once a year. 

6.7 Humidity and Moisture 
Appendix B Occupant Survey Results. Questions 22 to 24 
During the winter, very few occupants noted window condensation or 
basement dampness problems. However, one in three occupants found the air 
in their home too dry during the winter. Many of those who did not find their 
homes too dry in winter had installed humidifiers in their furnace ductwork. 

6.8 Component Durability 
Appendix B Occupant Survey Results, Question 35 
Overall, 82 per cent of those surveyed had not replaced any components on 
their HRV. As the HRV systems aged, the components were far more likely 
to be replaced. In the two- to four-year old category, none of the occupants 
had replaced any components. However, for those HRV systems 8 years old 
or older, 60 per cent of the occupants had replaced components. 

Fan motors were reportedly the most frequently replaced components in five 
year old or older HR.Vs. A few occupants also reported they had replaced 
remote control switches and variable speed control switches on their HRVs. 
In some cases, the filters had been replaced. 
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7.0 PHASES 1 and II - CROSS-REFERENCED RESULTS 

The results of the Occupant Survey were cross-referenced with the inspection 
results to establish to what extent increased understanding and maintenance 
lead to improved perfonnance. 

The most interesting findings were: 

Of the occupants who reported they understood their HRV systems (77%): 
• 55% had unbalanced HRV systems (unbalanced by more than 1 0  

per cent) 
• 60% had substandard ventilation (less than the minimum 

ventilation capacity specified by CAN/CSA-F326-M9 l )  
• 55% of occupants with partially ducted or simplified HRV 

systems were not aware of the need to operate the fan of the 
forced-air heating system 

Of the occupants who reported indoor air quality problems (26%): 
• 60% had substandard ventilation 
• 62% had unbalanced HRV system supply and exhaust air flows 
• 56% had HR V systems with dirty filters, heat recovery cores, 

HR V cabinets 

Of the occupants who reported they perfonned regular maintenance on their 
systems (81  % ): 

• 42% had systems with dirty filters, cores or cabinets 
• 1 7% had blocked air intakes 
• 46% had unbalanced HR V system supply and exhaust air flows 

Of the occupants who reported having read the HRV operation and 
maintenance manuals (32%): 

• 34% had dirty filters, cores, cabinets 
• 49% had unbalanced HR.V supply and exhaust air flows 
• 40% operated the HR.V systems at recommended ventilation rates 

Of the occupants who reported they did not read their HRV manuals (68%): 
• 4 7% had dirty filters, cores, cabinets 
• 63% had unbalanced HRV supply and exhaust air flows 
• 1 7% operated the HR.V systems at recommended ventilation rates 
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Of the HRV systems provided with remote controls in the living areas: 
• 80% of the occupants understood how to use the controls 

Of the HRV systems provided with no remote controls: 
• 36% of the occupants understood how to use the controls 
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8.0 PHASE Ill - VENTILATION EFFECTIVESS RES UL TS 

This section contains the results of the tracer gas testing on the HR V 
ventilation systems in 20 homes. Appendix C contains a description of 
individual house results and a more detailed discussion of some of the results 
reported in this section. 

The calculated apparent air change rate per hour (AC/H) was used in the 
assessments presented in this section. For the apparent air change rate, the 
source of the fresh air in a room was not distinguished between: 

• air supplied directly from outside via the ventilation/circulation 
system, or 

• air supplied to other rooms after the test began that migrated to the 
room in question via: 
- the circulation system, and/or 
- open doorways and other unsealed areas between rooms and 
access ways. 

A discussion of terminology is included in Section 3.2. 1 ,  Definitions. 

By including the fresh air not directly supplied from outside to the room, the 
calculated AC/H rates were more similar throughout the house than they 
would have been if all fresh air remained in the room to which it was 
originally supplied. This would likely make the calculated apparent AC/H 
rates higher where the actual AC/H were comparatively low, and lower 
where the actual AC/H were comparatively high. 

8.1 Mixing Within Rooms 

The middle of each room at a height of 1 .2 m above floor level was selected 
as the sampling location for determining the AC/H rate in the room. 

Intensive room testing was carried out to determine how similar AC/H rates 
were in other locations within rooms to those in the center at 1 .2 m above 
floor level. This testing was carried out for both rooms with the distribution 
provided by a fully ducted HRV system, and by furnace fan circulation 
systems. The test method and findings are presented in Appendix C. 

The apparent AC/H rates near the floor were very close to those at mid
height. Some variation, however, was found between the apparent AC/H rate 
measured near the ceiling and that measured at the middle of the room during 
two tests. In both cases, the outside temperature was cold and the furnace fan 
was in "continuous" mode. It was possible that stack effect and the 
continuous throw of air from the grilJes may have induced greater variations 
of air change at the ceiling levels but this condition was not evaluated further. 
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The two sets of intensive tests were carried out during the coldest days 
included in the testing program. The majority of the testing was undertaken 
during the spring and early summer of 1995 when the outside temperature 
was much wanner. The height at which tracer gas readings were taken, 
therefore, was not believed to have as large an impact on calculated AC/H 
values at most houses as was shown in the initial two intensive room tests. 

The AC/H measured at the mid height of rooms 300 mm from the corners 
was found to be as little as half of the value measured in the center. For 
practical considerations, the centre of the room was chosen for sampling. 

8.2 Natural Air Infiltration 

The apparent natural AC/H rates were measured with the HRV off, doors 
open, and furnace circulation fans running where applicable. For these tests, 
the outside ports of the HRV were not sealed and, hence, some induced air 
change could be expected for the HRVs connected to the furnace return air 
plenum . . Figure 8. 1 shows the results of this testing in five standardized 
locations within each home. 
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H ouse Identification 

Figure 8.1 :  Apparent Natural AC/H Rates 

Section 2.2 outlines the coding system used to identify the house and HRV 
system types. 
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From the chart, it can be seen that the difference between the greatest and 
smallest apparent natural AC/H rate calculated in the rooms was less than or 
equal to 0.08 AC/H in eleven of the twenty houses. This included 3 of the 5 
fully ducted houses where circulation fans were not installed. In 5 houses, the 
apparent natural AC/H rate in the basement was found to be substantially 
different from those in other rooms, while in the remaining four houses other 
rooms varied from the norm. 

The overall average of the natural infiltration rates for the houses tested was 
calculated to be 0. 1 5  AC/H (see Table C. 1 ). 

8.3 Total Ventilation Air Change Rates 

The apparent total AC/H rates - the combined apparent natural AC/H rates 
and apparent mechanical AC/H rates - were measured at each test house with 
the HRV operating as close to the current CAN/CSA-F326-M9 1 minimum 
ventilation capacity (MVC) as possible and all inside doors open. 

Figure 8.2 summarizes the results for five sampling locations within each 
house. 
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Figure 8.2 Apparent Total AC/H Rates 

At the time of testing, the air change rate in all rooms in all houses was 
greater than 0. 1 3  AC/H. 
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8.4 Apparent Mechanical ACIH Rates 

This section investigates the apparent mechanic.al air change rate for each 
type of system with the HRV balanced at the CAN/CSA-F326-M9 l required 
MVC, the distribution system running at the low speed ventilation rate, if 
applicable, and all inside doors open. 

Air flow measurements at the HRV and furnace system registers indicated 
that the ventilation air provided to almost all rooms in all houses was in 
conformance with CAN/CSA-F326-M9 l .  For a discussion of air flow 
measurements, see Appendix D. 

The apparent mechanical AC/H rate was calculated by taking the apparent 
total AC/H rate and subtracting the average apparent natural AC/H rate for 
the rooms given in the chart above. Again, it must be noted that the natural 
air infiltration rates used in the analysis contain a component of air exchange 
induced by the connection of the HRV to the furnace return air duct for 
extended and simplified systems. This tends to decrease the calculated 
apparent mechanical ventilation rate for these systems. 

Figure 8.3 illustrates the results for all homes. 
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Figure 8.3 Apparent Mechanical AC/H Rates 

Note: Negative values are a result of cumulative error factors involved in the measurement of natural 
and total apparent AC/H rates and the method of using these results to determine apparent 
mechanical AC/H rates. 
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Under CAN/CSA-F326-M9 1 ,  the required minimum ventilation capacity to 
house volume ratio was smaller for large homes than for small houses. This 
was based on the rationale that larger houses tended to have larger rooms. As 
a result, the larger houses generally had lower average apparent mechanical 
ACIH rates for the whole house, and for individual rooms. 

Of the houses tested, the average house with an extended HRV ventilation 
system was more than 50 per cent larger than the average house with a fully 
ducted or simplified HRV ventilation system. This contributed to lower 
apparent mechanical ACIH rates in many of the homes with extended 
systems. 

Figure 8.3 illustrates the distribution of apparent mechanical ACIH rates 
within each house. Section 8. 7 and 8. 8 discuss the expected apparent 
mechanical ACIH rates in houses and individual rooms based upon air flow 
measurements of ventilation air provided to each. 

The results shown in Figure 8.3 are examined in greater detail in Appendices 
C and D. The appendices include the calculation of apparent ACIH rates at 
return air registers, house plan reviews, and measurements of air flow rates 
for all supply and exhaust air registers. The following points highlight the 
important findings based on these results: 

• Fully ducted, extended and simplified HRV systems can all be 
effective in delivering fresh outdoor air throughout the house. 

• The apparent mechanical ACIH rates were more likely to be 
similar in the rooms throughout the house where the homes: 

had a relatively 'open plan' 
were bungalows 
were relatively compact with duct runs of similar length 
throughout the house 
had a relatively even ratio of supply air flow rate to room size 
throughout the house 

• The apparent mechanical ACIH rates in the living areas (rooms 
other than basements) were generally lowest in bedrooms. The 
furnace fan flow rates were weaker two storeys above the location 
of the furnace. 

• Homeowners who commented that the mechanical air flow was 
poor in a particular room were proved to be correct, both in terms 
of air flow measurements and apparent mechanical ACIH rates. 

• For extended and simplified systems, the apparent mechanical 
ACIH rates measured in the center of room and at the return air 
grille within the room were found to be very similar, indicating 
short circuiting is not a significant problem. The only location 
where short-circuiting appeared to occur was in a bedroom where 
the supply register was on the same waU as a furnace return and 
an open doorway. 
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• Cross contamination within the HRV was less than 20 per cent 
for 80 per cent of the installations in the nine houses tested. 
The extent to which cross contamination occurred outside was 
found to be less than 1 0  per cent in 80 per cent of the 
installations and no results showed outside cross 
contamination to he greater than 20 per cent. 

8.5 Effects of Door Closing and Circulation Fan Shut Down 

Testing was carried out at all houses to compare the apparent mechanical 
ACIH rates in rooms with the interior doors open and closed throughout the 
house. Testing with doors closed was carried out with the HR V system and 
circulation system, where applicable, fully operational. 

Testing was also carried out in houses with extended and simplified systems 
with the HRV operating and the furnace fan shut down. The purpose of this 
was to determine how well fresh air from the HRV would be distributed 
through the forced-air system if the furnace fan was not running. 

Figure 8.4 shows how these modes of operation affected the apparent 
mechanical AC/H rates at one of the houses included in the study. This 
house, CE2-5, was a relatively large two-storey home with an extended HRV 
system. The floor plans indicating the locations of the supply and return 
grilles as well as flow rates are provided in Appendix D. A description of 
similar testing at other houses is provided in Appendix C. 

Circulation fon flow rates on the second storey of this house were similar lo 
those on the first storey, and all bedrooms had return air grilles. Hence, 
closing doors had little effect on the air flow rates in each room. The 
increased apparent mechanical AC/H rates in bedrooms with the door closed 
were probably due to improved mixing within the rooms prior to the air being 
exhausted from the rooms. 

With the circulation fan shut off, the apparent mechanical AC/H rates 
increased dramatically in the basement and became negligible elsewhere in 
the house. There was a 300 mm gap between the HRV supply and the furnace 
return in this house that would allow ventilation air to spill into the furnace 
room and influence the overall apparent basement ventilation rate. 
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AC/H rates and the method of using these results to determine apparent mechanical AC/H rates. 

Figure 8.4 Effect of Door Closing and Ceasing Circulation Fan Operation at House 
CE2-5 

The apparent mechanical AC/H rates at all houses with fully operational mechanical 
ventilation systems were compared with doors open and closed. The following 
observations were based on a review of the results from all houses and were not 
necessarily reflected at each house. It should again be stated that the errors involved 
in the measurement of natural and total apparent AC/H rates and the method of using 
these results to determine apparent mechanical AC/H were all cumulative in 
determining the apparent mechanical AC/H values. The differences between results 
with doors open and closed were often found to be small. The errors in this section, 
therefore, would be expected to have a larger impact on the conclusions here than 
they would elsewhere. For a discussion of errors, refer to Section 8.9. 

The following trends were observed. For further details, refer to Appendices C and 
D. 

• The apparent mechanical AC/H rates increase in rooms where supply air 
rates were robust in comparison to room size when doors were closed. 
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• The apparent mechanical AC/H rates stayed relatively constant in 
open areas, such as living rooms and basements, when doors were 
closed. 

• For houses with fully ducted systems, the apparent mechanical 
AC/H rates dropped in rooms without supply air registers when 
doors were closed, and increased in rooms with supply registers. 

For extended and simplified systems, running the HRV without the 
circulation fan led to the following results: 

• The apparent mechanical AC/H rates increased in the basement. 
• The apparent mechanical AC/H rates became negligible on the 

main floor with the following exception. For installations where 
the HRV supply was hard ducted to the furnace return, some 
rooms on the main floor with return air f:,>Tilles close to the HRV 
supply connection to the furnace plenum had reduced, but not 
negligible, apparent mechanical AC/H rates. 

• The apparent mechanical AC/H rates in the second storey were 
found to be negligible. 

8.6 Mean Age of Air 

The tracer gas concentrations rose slightly in some rooms during testing. This 
is most likely due to weighted averaging factors. These included: 

• uneven distribution of the tracer gas at the beginning of the test, 
and 

• overstated natural AC/H rates due to open HRV ports. 

This condition led to a calculated negative apparent AC/H rate which, of 
course, was not possible, and reflected air movement into a room from other 
rooms with slightly higher initial tracer gas concentrations. These rooms 
clearly did not receive much fresh air under test conditions. It was, therefore, 
essential to consider the mean age of air in these rooms. To graphically show 
these results in the following figures, all negative apparent AC/H rates were 
arbitrarily set at a mean age of air of 80 hours. No other rooms had a mean 
age of air in this range. (Note that the mean age of air is the inverse of the air 
change rate.) 
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8.6.1 Mean Age of Air with Natural Air Infiltration Only 
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House Identification 

Figure 8.5 Mean Age of Air for Homes with Natural Air infiltration Only 

In four houses, the majority of the rooms had a mean age of air of under 4 
hours. In these houses, natural infiltration alone may have provided sufficient 
ventilation, at least during test conditions. It should be noted that the presence 
of unsealed HRV supply and air ducts in some of the four houses may have 
contributed to the overall "natural" ventilation during the tests. 

The high mean age of air in rooms within the majority of homes clearly 
indicated the need for mechanical ventilation. 
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8.6.2 Mean Age of Air with Natural and Mechanical Ventilation and 
Doors Open 
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Figure 8.6 Mean Age of Air With Natural Ventilation and Ventilation/Circulation 
Systems Fully Operational and Doors Open 

When natural ventilation and the ventilation systems were operating, in most 
of the rooms of 1 2  of the 20 homes, the mean age of air was under 3 hours. 
The majority of the rooms in all houses had a mean age of air under 4.5 
hours. Only one house had a mean age of greater than 7 hours (room not 
shown on graph). 
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8.6.3 Mean Age of Air with Mechanical Ventilation and Doors Open 
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Figure 8.7 Mean Age of Air for Ventilation/Circulation System Fully Operational 
with Doors Open 

Natural ventilation was netted out for the above chart. 

In 40 per cent of the houses, the mechanical air supply and distribution alone 
were calculated to have provided a mean age of air of 5 hours or less in all 
rooms tested. 

For comments on the systems, refer to Section 8.4 where net mechanical 
AC/H is discussed. (Note that net mechanical AC/H is the reciprocal of the 
mean age of air. ) 

8.7 Whole House Mechanical ACIH Comparisons 

Figure 8.8 is a comparison of whole house mechanical AC/H rates based 
upon: 

• HR V system flow rate predictions 
• tracer gas testing calculations 

The mechanical AC/H rates calculated from the HRV system were based on 
the larger of the two flow rates through each HRV system divided by the 
house volume. 
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-The mechanical AC/H rates calculated using the tracer gas method were 
based on average apparent mechanical AC/H rates. For instance, if 
mechanical AC/H rates were calculated for two rooms on a given floor, the 
average of the two was taken to be representative of the floor. 

The houses in the following chart were sorted from lowest to highest HRV 
predicted whole house AC/H rates to make the chart easier to review. 
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House Identification 

Figure 8.8 Comparison of Whole House Mechanical AC/H Rate Results 

Note: Due to the similarity of the two results, only a single marking is shown for houses CS2-1 and CF2-6. 

The difference for each house was less than 30 per cent of the lower 
prediction of mechanical AC/H for half of the houses. On the other end of the 
spectrum, this difference was greater than 1 00 per cent at 4 of the 20 houses. 

Factors contributing to some of the variation between the tracer gas-based 
results and those based on HR V flow measurements include: 
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• Cross contamination within the HRV and between outside ports 
would make the predicted AC/H rates through the HR V flow 
measuring station higher than they actually were. 

• Short circuiting of fresh air through the furnace plenum for cross 
furnace installations would make the HR V flow measuring station 
predicted AC/H rates higher than they actually were. 
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• Natural AC/H rates included ventilation by the furnace through 
the unsealed HR V ports. 

• The assumption that there was no leakage of HRV supply air as it 
passed through the ductwork system and that 1 00% of the air 
brought in by the HR V was delivered to the habitable rooms only 
(not the closets, hallways and other adjacent spaces). 

A number of other factors caused the discrepancies between the two 
calculated mechanical AC/H rates at each house. For a discussion of these, 
refer to Section 8.9, Error Factors. 

8.8 Room Air Flow Measurements 

Air flow was measured at the HRV system supply and exhaust grilles and 
circulation system supply and return registers at all houses. The results of this 
testing are provided and discussed in Appendix D. House plans are also 
provided in this appendix to provide a context to these findings. 

By calculating the percentage of ventilation air supplied to each room, an 
approximation for the mechanical AC/H in each room was estimated. These 
results were compared to the apparent mechanical AC/H in rooms at four of 
the test houses in Appendix D. 

As an example, the following chart shows the results at house CE2-8. It 
should be noted that the air flows at the furnace supply registers within this 
house were estimated using two techniques, a bag inflation/deflation method, 
and the CMHC duct test rig. Both techniques resulted in similar calculated 
ventilation air proportions to each room. 
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Figure 8.9 Comparison of Room Mechanical AC/H Rates at house CE2-8 
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The graph shows that the predicted air change rates based upon the duct test 
rig flow rates and those based upon the bag method are similar in most 
rooms. 

There is also a fairly good correlation between the air change rates based on 
the air flow measurements and those based upon the tracer gas 
measurements. The only room where the largest predicted air change rate is 
double the lowest is the l iving room. This room is different from the others as 
it is an open plan and would thus be affected by air flow through the registers 
in adjacent rooms in the open zone. As discussed in Appendix D, these were 
not accounted for in predicting air change rates. 

It must be noted that this is one of the 1 1  houses where the natural AC/H 
values were found to be similar throughout the house based upon the tracer 
gas testing results. This common base for calculating the apparent net 
mechanical AC/H values may have been a significant factor in finding the 
results were similar using the test methods. As can be seen in Appendix D, 
room mechanical AC/H rates results varied more than this nt n typical house. 

8.9 Error Factors 

Many factors affected the accuracy of measurements of the ventilation 
effectiveness testing. Each factor is discussed in the following: 
Recirculation o[_Air 
As discussed previously, the methodology used in the study did not make it 
possible to distinguish between: 

• air provided from outside after testing began and then recirculated 
into a room, and 

• air supplied directly from outside a room. 

Tracer Gas Monitoring Probe Location Within Rooms 
The probe measured the air change rate in the center of each room at a height 
of 1 .2 metres. Intensive room testing showed that the apparent AC/H values 
calculated in this location was likely to be higher than it was in locations such 
as comers and was therefore not representative of all locations within rooms. 
Mixing 
The test protocol was revised in the latter half of the house tests to include 
greater monitoring to ensure complete mixing of the tracer gas prior to 
testing. However, perfect mixing prior to testing was not always possible. 
Imperfect mixing would have led to some variation in the calculated air 
change rates due to air moving from areas of higher initial tracer gas 
concentration within the home to areas of lower initial tracer gas 
concentration. 
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Total Test Time 
Each calculated AC/H was based on a series of three tracer gas 
measurements. Depending on the test carried out, the number of probes 
would have varied between three and eight. The time between tracer gas 
measurements at any one probe was directly proportional to the number of 
probes. Recirculation air was expected to play a smaller role in faster tests 
and the variation in air change rates was expected to be greater on tests with 
fewer probes. 

Natural lnflltration Rate Variation 
Natural air change rates were likely to vary over time with variations in 
outside weather conditions such as wind and temperature. As testing was 
carried out chronologically, this would lead to different natural AC/H and 
cause percentage reductions in tracer gas concentration in the test results used 
to calculate natural and total apparent ventilation rates. 

Mechanical ventilation may also have affected the magnitude of natural air 
change. No attempt was made to measure this effect. 

Tracer gas Test Equipment 
The tracer gas test equipment was accurate to within plus or minus 6 per cent 
in the range of concentrations used in the study. 

Limited Number o[_Rooms tested 
It was not within the scope of the study to set probes in all rooms to calculate 
air change rates. Hence, apparent air change rates calculated in some rooms 
had to be assumed to be representative of air change rates throughout larger 
zones. 

Mechanical Ventilation Rates Calculated from Testing 
The apparent mechanical ventilation rates were calculated based on two sets 
of testing, one to determine the apparent natural ventilation air change rate 
and one to determine the apparent total ventilation air change rate. The 
apparent mechanical ventilation rate was the difference between the two. 
Therefore, the error for the mechanical ventilation rates was the error in 
determining the other two rates added together. 

Air Flow Measurement 
It was found that the CMHC duct test rig was not capable of measuring flow 
rates at HR V grilles and appears to substantially underestimate air flows at 
furnace supply and return air registers. Timing bag inflation/deflation was 
used to substantiate the percentages of air flowing to each room. 

The mechanical fresh air rate was measured by a flow measuring station in 
the HR V ductwork. For extended and simplified systems, the fresh air rate at 
each circulation fan grille was taken to be the total mechanical fresh air rate 
times the air flow percentage at that grille. No attempt was made to measure 
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circulation system air flows near the fan so that duct leakage was not 
accounted for. 
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9.0 PHASE IV - ALTERNATIVE VENTILATION SYSTEMS -
EFFECTIVENESS TESTING RESULTS 

Table 9 . 1  summarizes the system configurations tested. See Section 2.4 or 
Appendix E for a discussion of the rational for each system configuration, 
including schematic drawings. Appendix E also contains a table of air flow 
rates measured for each configuration. 

System . _, · -� 
• :; ,•' r". · -. · .. ' -··· .. � .  

System 1 ·1 

System 1 -2 

System 1 ·3 

System 1 -4 

System 1 -5 

System 2-1  

System 2-2 

System 2-3 

System 2-4 

System 2-5 

System 3-1 

System 3-2 

System 4-1 

System 4-2 

Fully Ducted 

Exten d e d  

Simplified 

Notes: 

Table 9.1 :  Summary of Test Configurations 

HR_Y. , i ·�t:'. ··1 ::Furria.c� F�n· -. , _fie,�'Y��f,;;·: _ I •:fo'J11l1ents -��'"-. . . . -: ·,�··" : ;�:�� '-� .. ;·. , . 
Opera tion Operation Doors . ·  . . . . - · . . . . . . - ·· · . .. , .. 
MVC (1 ) 

MVC 

MVC 

MVC 

M VC 

MVC 

MVC 

MVC 

MVC 

MVC 

MVC 

MVC 

MVC 

MVC 

MVC 

MVC 

MVC 

Off 

Off 

ECM low 

Low 

High 

Off 

Off 

ECM low 

Low 

High 

Off 

Off 

Off 

Off 

Low 

Low 

Low 

Open 

Ope n 

Open 

Open 

Open 

Open 

Open 

Open 

Open 

Ope n 

Closed(2) 

Closed(3) 

Closed(2) 

Closed(3) 

Open 

Open 

Open 

Backdraft damper open 

Backdraft damper closed 

Backdraft damper open 

Backdraft damper closed 

HRV supply to main floor 

HRV supply to basement 

HRV supply to main floor 

H RV supply to basement 

1 .  HRV balanced at CAN/CSA-F326-M91 Minimum Ventilation Capacity (MVC) air flow rate 
2. Bedroom doors closed only - ensuite door open 
3. Bedroom doors closed only - ensuite door closed 
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Figure 9. 1 shows the mechanical AC/H rates calculated from tracer gas 
reading in the centers of rooms for each of the systems summarized in the 
Table 9. 1 .  
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Figure 9.1 :  Summary of Net Mechanical AC/H Rates By Ventilation System 
Type and Operation 

9.1 Systems 1 and 2 

The first two options for the first two systems, system configurations 1 - 1 ,  1 -
2, 2- 1 ,  and 2-2, are all options where the furnace fan was off. I n  the latter 
option of each pair, the backdraft damper was closed, forcing all ventilation 
air to flow through the supply system. The results show that, when the 
damper was closed, there was a marginal increase in the net mechanical 
J\CIH in the l iving room, a 1 0om far from the furnace. The AC/H in a second 
room equaUy far from the furnace, the second bedroom, stayed relatively 
constant with damper open and shut. 

For both the modified simplified and the modified extended systems, there 
was little difference between the results with the furnace fan operating at the 
three different speed settings - high speed, low speed and ECM low speed. 
The lowest net mechanical AC/H values in this testing were recorded in the 
master bedroom in system configuration 1 -3 (the simplified system on ECM 
low speed). Note that the ensuite exhaust may have induced air into this room 
in the extended system configuration. 
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The distributions of net mechanical AC/H rates with the furnace fan 
operating were similar to those found for standard fully ducted, extended, and 
simplified systems. 

9.2 Systems 3 and 4 

The two systems where the HR V supplied a central location and the exhaust 
fans in the bedrooms were used to induce ventilation elsewhere both 
produced negligible net mechanical AC/H values in all rooms monitored with 
the exception of the room supplied directly. 

The lone exception to this was the relatively high net mechanical AC/H value 
in the master bedroom in the test where fresh air was only supplied to the 
basement. In this test, the door between the master bedroom and the ensuite 
was open. The combined effect of the 20 Lis exhaust from the master 
bedroom and the 1 4  Lis exhaust from the ensuite may have drawn air into the 
master bedroom from the basement below through the open return air 
ductwork for the furnace. 

In system configuration 3- 1 ,  the opening in the return air system was such 
that it was likely that the majority of the air being induced into the bedrooms 
was coming from unventilated areas. Hence, further testing in houses without 
forced-air systems may be advisable. 
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10.0 DISCUSSION 

10.1  Phases I and II 
Field Inspection, Occupant and Telephone Survey 

10.1.1 General 

The majority of the HRV ventilation systems investigated under the study 
were operating and were perceived to be beneficial by the occupants of the 
houses. The potential existed for systems to be much more beneficial, 
however, as considerable improvements were possible in installation practice, 
system performance, occupant understanding and occupant interaction with 
their system. 

One of the most troubling aspects identified in the study related to the recent 
installation and use of HR Vs in the Central Region. All of the simplified 
systems in the study were installed in tract housing in the last 2 to 4 years. 
These systems have quickly taken over a large share of the market in the 
Central Region. When a comparison was made of the findings from the 
simplified systems with the extended and fully ducted system findings, it was 
found: 

• HRVs were less l ikely to be balanced during installation; 
• more than 25 per cent of the furnace fans were not equipped with 

switches to allow them to operate continuously; 
• the average occupant understood less about what their.I-IRV was 

intended to do, how it was installed, how to operate it properly, 
and the possible negative effects of misuse; and 

• the average occupant was more likely to perceive their HRV to be 
of little or no value. 

These trends must be reversed as the use ofHRVs becomes even more 
prevalent in new homes across the country. Standard installation practice 
must be improved - simple and inexpensive measures can dramatically 
improve the ability ofHRV ventilation systems to perform adequately. 
Information transfer must be improved to encourage the average occupant to 
use their HRV optimally, maintain it properly, and believe it to be of greater 
value. 

10.1.2 Installation and Performance 

Codes and Standards 
The most defined and stringent ventilation standard or code is CAN/CSA
F326-M9 1 .  The 1993 OBC requirements for HRV installations are very 
similar to those ofCAN/CSA-F326-M91 .  The 1990 NBC has far less 
stringent requirements for HRV installations than CAN/CSA-F326 or the 
1993 OBC. Most notably, it does not set any tolerances for HRV balancing. 
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Had the 1993 OBC or CAN/CSA-F326-M91 been in place, made mandatory 
and enforced at the time that the systems included in this study were 
installed, the installation deficiencies would have been substantially reduced 
and the performance of many systems would have been greatly improved. 
This would have been true irrespective of system type. 

The HRAI HR V installer' s manual was available throughout the period 
investigated under this study. Had all of the HRV installations met the 
standards of good ·practice set out in the manual, the performance of the HR V 
ventilation systems would have been found to be better. 

Pollutant Sources 
The prime purpose for operating an HRV is to provide fresh air to the home. 
It is essential to avoid locating HRV air supply ports near pollutant sources 
and it is essential to avoid drawing contaminants and pollutants in the living 
space from combustion appliances and other sources. 

Unbalanced O[!_eration 
When HR Vs are operated in an unbalanced state, they can cause potentially 
hannful environments in the living space related to combustion spi11age and 
moisture loading of wall cavities. The HR Vs investigated under this study 
were frequently found to be unbalanced. Mainly due to installation-related 
causes, this could have been avoided by strict adherence to the installation 
guidelines outlined in the current codes and standards. It is necessary to 
enforce the balancing of HR V systems due to issues of performance, safety 
and durability. 

Since the current codes and standards do not require HRV instal lations to 
provide appropriate locations for easily verifying air flow rates, verification 
will remain cumbersome, and high balancing infraction rates wil l  continue to 
occur. 

Inadequate Minimum Ventilation Capacities 
In the vast majority of extended and fully ducted HRV installations, the HRV 
and ductwork were adequately sized. 

In the simplified installations, the HR.Vs were usually adequately sized. The 
excessive use of flexible ductwork and compressed flexible ductwork, 
however, reduced air flow rates to well below those required by CAN/CSA
F326-M91 in many installations. 

Furnace Fan O{!_eration 
In the simplified and extended ductwork HRV installations, the intention was 
to use the furnace fan to circulate fresh air throughout the house. In 25 per 
cent of the simplified installations, however, switches were not provided to 
allow the furnace fan to operate continuously. In these cases. the mechanical 
provision of fresh air to living areas was insufficient. Installing a switch for 
the furnace fan and educating the occupants in the appropriate use of their 
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ventilation system would be a minimum solution to ensure fresh air was 
provided to the living space. Installing an interlock would permit automatic 
operation of the furnace fan when the ventilation system was operating and 
reduce occupant involvement. 

Exterior Ports 
The unbalanced operation of the inspected HR.Vs was often caused by the 
buildup of particles clogging the exterior ports. The following installation 
practices contributed to the occurrence of this problem: 

• ports installed in inaccessible locations; 
• ports close to ground level; 
• ports with covers impeding the ability to clean the screens; and 
• exhaust ports with obstructions to cleaning the upstream side of 

the bird screen. 

Installers and builders need further training as to where to place ports, and as 
to which port assemblies are more likely to perform well .  Manufacturers need 
to be made aware of maintenance problems with some port assemblies. 

Humidi!J!.. Control 
The fact that only 36 per cent of the HR.Vs had low speed air flow rate 
settings that were less than 60 per cent of the high speed air flow setting 
partially explains occupant observations regarding air inside their homes 
being too dry during the winter. Many homeowners had installed humidifiers 
in their furnace ductwork, further iJlustrating the need to address dryness in a 
substantial proportion of homes. 

A variety of solutions may be worth investigating to reduce the problem of 
dryness in winter months. Reduced air exchange strategies involving the use 
of timers and lower air flow settings, improved remote controls to reduce air 
flows, and using moisture recovery are all possible solutions. 

Durability_ 
As systems age, components are more likely to fail. During the course of the 
investigation, the item causing the most concern was the failure of a supply 
side fan motor. Because the exhaust fan continued to operate in the HRV and 
the occupants heard the same sounds and felt the same vibrations from the 
unit, they were not aware of the breakdown of the supply fan. The electric 
resistance defrost mechanisms were found to be more likely to fail than 
damper-type defrost mechanisms in the houses inspected. 

This problem of failures will increase with time as the number and average 
age ofHRV installations increases. It could lead to increased problems with 
the back drafting of combustion equipment. Better performance and 

Field Survey of Heat Recovery Ventilation Systems 65 



maintenance indicators are required (for example, lights indicating operation 
or fail-safe switches) to ensure safe operation. 

I-IRV service contracts and seasonal servicing ofHRVs at the same time as 
furnace servicing would reduce the average length of time before deficiencies 
are noted and resolved. 

Cross Furnace Installations with Exhaust from 
Warm Side o[_Furnace 
The air in the warm side of simplified cross furnace installations was noted to 
be very hot during and after furnace operation. This will inherently lead to 
greater heat loss throughout the cores of the HRVs in these installations. 

As the connection of the HR V exhaust to the furnace plenum is downstream 
of the I-IRV supply connection to the furnace plenum, these installations also 
inherently lead to the exhaust of fresh air before it is used within the living 
space. The balance of these installations was also found to be most affected 
by furnace operation. 

10.1 .3 Occupant Understanding, Usage and Maintenance 

The optimal use of the I-IRV system was largely dependent upon occupant 
understanding of the purpose, function, operation and maintenance of their 
I-IRV. Although most understood the general purpose of their I-IRV, 
comprehension of the technical aspects required to use the I-IRV system 
properly was low. It was essential occupants understood: 

• the affect of maintenance on performance; 
• furnace fan operation was required to circulate fresh air within the 

house in simplified and extended I-IRV system installations; 
• the affect of the dehumidistat controls on the I-IRV to properly 

maintain and control humidity in their home; 
• the operation of the HR V defrost and how some defrost 

mechanisms could cause spillage of combustion products; 
• the location of all HRV components requiring maintenance and 

the importance of proper maintenance; and 
• the interaction of the I-IRV with the other systems in the house. 

Since less than half of the surveyed occupants clearly comprehended these 
points, further efforts were required to better educate them. More than half of 
the occupants reported the operation of their HR V had been explained to 
them. Most had been provided with a manual for their I-IRV, and three 
quarters claimed to have read some of the literature provided with the unit. 
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Although most of the occupants reported that they regularly cleaned the HRV 
system components, a number of systems were clogged to the point of 
becoming dysfunctional. The most commonly clogged element was also the 
one reportedly cleaned by the least number of occupants - the exterior ports. 
The fact that occupants installed fine mesh screens on their supply intakes 
was an indication of their concern abQut debris entering their HRV. This 
practice, however, caused another problem as screens quickly became 
clogged with debris. 

Based on the condition and performance of the inspected systems, it was 
clear that existing information transfer mechanisms were not sufficient and/or 
occupants were not willing or able to follow up. 

Occupants with simplified HRV systems were less likely to understand their 
HRVs or to perceive benefit from the use of their HRVs. Generally these 
systems were installed in tract housing. The occupants were given little or no 
introduction and training for their ventilation systems and, since the systems 
were less obvious, they received l ittle attention. 

Occupants report that they are using their HRVs. Most surveyed occupants 
used their HRVs continuously in the winter and shoulder seasons; the 
remainder used them intermittently. Most HRVs were used at least 
intermittently during the summer. 

The lack of occupant understanding of the relationship between dehumidistat 
controls and HRV operation was contributing to problems with dry air during 
the winter. Other HRV system-related factors causing low winter-time 
humidity levels have been discussed in Section I 0. 1 .2. 

10.2 Testing of Common HRV Ventilation Systems 

The HRV ventilation systems that performed well during the testing were 
defined as those meeting the following criteria: 

• the system was capable of exchanging inside air with outside air; 
• the system was able to distribute air to all rooms in the house; and 
• the system was able to circulate air within individual rooms. 

Based upon this definition, the Phase III testing of the ventilation systems 
demonstrated that three types of ventilation systems included in the study 
fully ducted, extended, and simplified systems - can all be installed and 
operated to provide effective ventilation for dwellings. Significant variations 
in performance existed, however, between installations of the same type of 
system in different houses. 
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The rooms furthest from the circulation fans were far more l ikely to have 
lower circulation fan air flow rates leading to lower apparent mechanical 
AC/H rates (and high apparent mechanical mean age of air values). Careful 
design and installation practices are required to ensure even distribution. 

As a corollary to the above, the design of the house was found to be an 
important factor in the equilibrium of the distribution. Small compact homes 
with relatively open plans had the best distribution. These home designs were 
much more forgiving in the event that duct design and installation were not 
carried out as well as they could have been. 

Closing doors increased the apparent mechanical AC/I-I rates where the 
supply air flow rates to bedrooms were higher in relation to room volume. 
Although the assessment of room air mixing potential was not a part of this 
study, it was hypothesized that the higher air change rates in closed bedrooms 
may have been a result of improved mixing conditions in the rooms when the 
doors were shut. To ensure adequate fresh air rates to bedrooms when doors 
are closed at night, air flows to these rooms should be relatively high. 

The t1ow through many second storey return air registers was found to be 
low. Improvements in the design and installation of the return air system are 
needed to reduce leaks in ductwork and equalize the proportions of return air 
drawn from each floor, zone or room. In retrofit situations where there is no 
return air duct in a bedroom, low flow capacity fans may be able to assist air 
return from rooms when doors are closed. 

Leaving an opening between the HRV supply duel and lhc furnace return 
resulted in higher ventilation of basements in comparison to living spaces 
even when the circulation fan was running. Subject to manufacturer's 
approval, the HR V supply should be connected directly to the furnace return 
or connected with a relief Y-section that forces all air from the HRV to enter 
the furnace return. 

Fur extended and simplified systems, the operation of an HRV without a 
circulation fan to distribute the fresh air resulted in the over-ventilation of 
basements and inadequate fresh air distribution to other living areas. 
Circulation systems must be in operation to distribute fresh air throughout the 
house when an extended or simplified system HRV is in opt::1ation. 

For most of the houses tested, it was found that natural ventilation alone was 
insufficient for the provision of adequate ventilation in most of the rooms 
served. These results tend to confirm the position that houses require 
mechanical ventilation. 

Total cross contamination of supply side air on the warm side of the HRV 
was found to average 2 per cent. The balanced supply and exhaust air flows 
were therefore actually providing roughly 20 per cent less fresh air. This 
inefficiency was a cause of more concern in extended and fully ducted 
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systems where air drawn from areas with pollutant sources was recirculated 
throughout the house. A need exists for improved quality control on the part 
of HRV manufacturers to reduce cross contamination within the HRV. A 
need also exists for improved exterior port configuration to reduce outside 
cross contamination. 

10.3 Ventilation Effectiveness - Alternative Systems 

Low-Speed Furnace Fan Operation 
The ventilation air flow rates obtained in a very low-speed circulation system 
using an ECM motor are much lower than the low-speed air flow rates 
associated with the 'typical' furnace fan found in Canadian housing stock. 
However, test results showed that there was very little difference in 
ventilation effectiveness when a fan provided flow rates associated with a 
typical permanent split capacitor motor low-speed setting, and an ECM motor 
low-speed setting. 

In both houses where the use of the low speed setting on an ECM motor was 
simulated - the alternative system house and the one home included in Phase 
III with an ECM furnace fan motor - the circulation system air flow rates 
were evenly distributed. It should be noted that the seemingly adequate 
distribution of ventilation air may have also been a function of the relatively 
short, well made duct systems and the compact size of the two test houses. 

Alternative Configuration for the Use of Furnace Fan 
Distribution System Without Furnace Fan Operation 
It was noted that the use of a backdraft damper within the furnace plenum 
would improve the distribution of ventilation air when the forced air systei:n 
fan was not in operation. The backdraft damper helped to concentrate the 
ventilation air in the supply ductwork of the forced air system where it could 
then be distributed to the rooms of the house rather than being diluted 
through both the supply and return air ductwork system. However, the 
operation of the forced air system fan greatly improved the distribution of 
ventilation air. 

It would appear that the operation of the forced air system fan is required in 
houses where the ventilation system relies on the forced air system ductwork 
for distribution of the ventilation air. Space conditioning air flows in 
conventional houses can be 1 0  times higher than the required ventilation 
system airflows. Accordingly, the ductwork systems for the space 
conditioning systems are vastly oversized for ventilation system airflows 
alone. In such cases, when the forced air system (i.e. furnace) fan is not 
operating, air system pressures, developed by ventilation fans alone, would 
seem to be entirely insufficient to ensure the adequate distribution of 
ventilation air. 

Central Point Supply Systems 

Field Survey of Heat Recovery Ventilation Systems 69 



Central point fresh air supply systems with additional fans above bedroom 
doors did not provide adequate ventilation throughout the house tested. 
Intended to induce fresh air into the bedrooms, the installations tested were 
not particularly successful. 
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1 1.0 RECOMMENDATIONS FOR STAKEHOLDERS 

Based upon the observations made in the inspected houses, the occupant 
survey results, and the ventilation effectiveness testing, the following 
recommendations are l isted in order of priority for each stakeholder. 

1 1.1  HRV Manufacturers 

1 .  Trouble Indicators/Maintenance 
The unbalanced operation of an HRV can lead to significant problems, 
such as the backdrafting of heating equipment. A large proportion of 
HR.Vs were not running in a balanced state for a variety of reasons. 
Unbalanced operation was usually undetected by the homeowner. 

Sensors or gauges could be used to determine whether or not supply and 
exhaust air flows were similar. When the tlows are unbalanced, a l ight on 
the remote HRV control panel could be used to indicate the HRV 
ventilation system is i n  need of service. For more sophisticated 
applications, built-in balancing equipment and air flow measurement 
devices could be installed for occupants to make their own adj ustments. 

At the very least, all HR.Vs should have a trouble l ight indicator that 
comes on when the supply or exhaust side motor fails. Alternatively, the 
failure of one motor should shut down the other. 

The trouble light on the HR.V's remote control panel should also be 
turned on by an ice build-up in the heat recovery core. Lights controlled 
by timers or sensors could also be used to indicate the need for filter and 
screen cleaning. 

2. Dehumidistat Controls 
A large proportion of occupants did not understand the use of their 
dehumidistat. Many bel ieved it set their indoor humidity level. A 
digital humidity readout on the control panel for the HRV would 
indicate the actual humidity in the home in relation to the humidity· 
setting. This would greatly improve the occupants' understanding of 
how their dehumidistat works. It would also be useful for occupants 
should they call for service regarding humidity problems, and to help 
catch many humidity related problems before they cause considerable 
damage, such as cracks in hardwood flooring. 

Given the extent of occupants who found their homes were too dry 
during the winter, providing occupants with the abil ity to operate their 
HR.Vs on an intermittent mode would be beneficial. 
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Manufacturers may also want to consider an outdoor sensor to 
automatically tum off the dehumidistat during the summer months 
when fresh air will often be more humid than air within the house. 

3 .  HRV Connection to Furnace Return 
Currently, some manufacturers do not permit the rigid connection 
of the I-IRV supply ductwork to the furnace return. In order to 
provide adequate ventilation to living areas and to prevent the 
over ventilation of the rooms containing the HRVs, the rigid 
connection of the supply ductwork to the furnace return should be 
permitted in all extended and simplified systems. 

4. Coupling System for HRV Operation and 
Furnace Fan Oneration 
For extended and simplified systems, the ventilation air supplied 
by the HRV was not adequately distributed unless the forced air 
system circulation fan was also in operation. Furnace 
manufacturers could provide a low voltage connection point on 
the furnace for the attachment of low voltage wiring from the 
HR V to operate the furnace fan when the HR V is operating. 

5. Information Transfer Mechanisms 
Currently, the main source of information for occupants with 
HR V ventilation systems is the installation and maintenance 
booklet left with the HR V. Despite a high proportion of occupants 
who read the literature when they first move in, the percentage of 
occupants who properly maintain their HRVs is low. 

Manufacturers could improve information transfer by using other 
techniques as well. Videos supplied with each HRV may provide 
a way for occupants to learn about their HR V and its maintenance. 
Since HRVs are generally located in mechanical rooms, large 
information charts could be stuck on HRVs with illustrations of 
how to perform basic maintenance duties. These charts would be 
specifically targeted at the user (occupant) rather than the 
installer. Sections could be provided for the user to date each time 
maintenance duties are carried out. Viewing the charts on a 
regular basis should keep maintenance on the user's agenda and 
lead to increased diligence. A user's manual should be provided to 
complement the large charts. 

Manufacturers should also provide occupants with information on 
the hazards of not operating and maintaining HR Vs. The manual 
provided should also make owners aware that they have a service 
contract option. Manufacturers should have a service contractor 
network in the event that homeowners call them. 



6. Installer Information 
Manufacturers should be aware of the qualifications and capabilities of 
those installing their equipment. It was strongly suspected that a poor 
installation tends to reflect poorly on the equipment. It is in the 
manufacturer's best interest to provide installation instructions with 
sufficient information to permit the installer to assemble a properly 
performing installation. Manufacturers need to improve their quality 
control programs with respect to mechanical installers and installations. 

Installers should be advised that the code references to distance from 
pollutant sources and heights above grade are minimums, and where 
possible, these minimums should be exceeded. 

1 1 .2 HRV System Designers and Mechanical Installers 

1 .  HR V Balancing 
The most significant problem with the HRV ventilation systems was the 
percentage operating in an unbalanced condition. A high percentage were 
never balanced while others became unbalanced due to maintenance 
problems. 

CAN/CSA-F326-M9 1 and other codes and standards have been devised 
to provide the optimal range of high and low speed flow rates for 
Canadian housing. Installations should be balanced at the rates set in the 
applicable standard. Balancing dampers must be provided in both air 
streams to allow for present and future adjustment. Air flow should be 
measured in locations and ways in accordance with HR.AI guidelines or 
manufacturer' s recommendations. 

Installers should be required to pass the installations and designers 
training programs offered by the HRAI. HR V installations should be 
certified (signed) and labeled with the name, installer certification 
number, date, and air flow information as documented by the installer. 

For those who may later maintain or troubleshoot the HRV ventilation 
system, the installation should permit the measurement of air flows using 
common techniques without disturbing any ductwork. In installations 
without flow measuring stations, locations should be provided for 
temporary flow measuring grids. 

Alternatives, such as measuring flows across the HR V core, should be 
explored. This would require the development of appropriate flow 
measurement procedures. 

(Also refer to Section 1 1 .3 Regulating Agencies item I ). 
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2. Exterior Ports 
The second most common cause of HR V imbalance was found to be 
clogged supply air grilles. Even at the current building code elevation 
requirements, a large proportion quickly became clogged with debris. 
Supply air ports should be moved well above the current minimum 
height of 450 mm above grade. Alternatively, larger sections could be 
screened at the opening of the supply port to reduce the suction effect 
at the screen surface. This would reduce the amount of debris being 
held against the screen. 

Exterior ports should always be in readily accessible and obvious 
locations. 

Bird screens at ports should be protected by covers that do not have to 
be removed for cleaning. 

3 .  Flexible Ductwork 
The only HR V ventilation systems that could not achieve the MVC 
requirements ofCAN/CSA-F326-M91 contained excessive lengths of 
flexible ductwork. 

The use of flexible ductwork should be minimized in order for HRVs 
to obtain maximum high speed flow rates. Limiting flexible ductwork 
to providing vibration isolation may be optimal in many installations. 
Flexible ductwork should be supported at no more than one metre 
intervals so that the static pressure the HRV fans are operating against 
it is not increased due to sagging ductwork. Strapping used to support 
insulated cold side ductwork should be at least 50 mm wide to avoid 
compressing the insulation. Since constrictions greatly reduce air 
flows, flexible ductwork must not be squeezed in header spaces or 
other constricted areas. 

Although the informed installer should be aware of the problems 
associated with the use of flexibie ductwork, many systems are stiii 
installed with these problems. Installer education, certification and, 
finally, inspections may be required to improve installation practices. 

4. Simn.lified Cross Furnace Installations 
Variations in the furnace fan operating speed were found to create 
considerably greater imbalance in the HRV operation for simplified 
cross furnace installations than for other system types. Such systems 
should be discouraged. 

5 .  HR V Co1U1ections to Furnace Return 
For extended and simplified systems, the HRV supply ductwork 
should be rigidly connected to the furnace return in order to ensure 
that it is possible to provide adequate mechanical ventilation to living 



areas on other floors and to prevent the over ventilation of the area close 
to the connection. 

6. Circulation System Supply Air Ductwork 
In houses where the furnace ductwork provides the distribution of 
ventilation air, the ductwork system design should consider ventilation air 
distribution on low speed circulation mode as well as higher speed 
heating and cooling modes. Each room should meet the requirements of 
CAN/CSA-F326-M9 1 for ventilation air delivery in low speed circulation 
mode. 

7. Furnace Circulation Fan Flow Rates 
For extended and simplified systems using the furnace system to circulate 
fresh air, operating speed did not appear to significantly affect ventilation 
within homes. 

8. Circulation System Return Air Ductwork 
More attention must be paid to the design and installation of the return air 
system. Total return air flow from each storey or zone should be 
proportionally similar to supply air. 

9. Maintenance Opportunities 
Many occupants were not maintaining their HRVs properly. As well, 
HRVs require periodic balancing measurements to ensure they are 
operating properly. Installers should be encouraged to develop and offer 
HR V maintenance agreements to homeowners. This may also be of 
benefit to builders, the principal clients of the installers, who would 
otherwise be called back due to homeowner complaints. Home builders 
must be made aware of the necessity for this to be successful. 

1 1 .3 Government and Regulatory Agencies 

1 .  Regulatory Trends 
In order to improve HRV ventilation system performance, the regulatory 
agencies should continue with the current trend towards greater regulation 
ofHRV system installation practice and system requirements. Building 
codes must be updated to more closely resemble CAN/CSA-F326-M9 1 ,  
as it i s  the most recognized and comprehensive standard for ventilation 
systems. Most of the deficiencies noted in this study contravened 
CAN/CSA-F326-M9 1 .  

In updating the building code, some additional prescriptive requirements 
would make it easier to inspect and improve quality control on HR V 
installations for the performance-based requirements of CAN/CSA-F326-
M9 l .  

The HRAI HR V installer course outlines standards of good practice that 
would preclude most of the installation deficiencies found in this study. 
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Encouraging or requiring installers to take such a course and be certified 
by a body such as the HR.AI should reduce the number of installation 
deficiencies. It would also provide a body through which action could be 
taken to decertify or require further training for installers who utilize 
inadequate design and installation practices. 

2. HR V Balancing 
Given the extent to which the perfonnance of the I-IRV ventilation system 
depends on appropriate and balanced air flows, building codes must 
require the balancing of HRV systems when they are installed. A 
balancing report should be a condition of the occupancy pennit from the 
local building department. 

3 .  HRV Balancing Methods 
At the time an I-IRV is installed, the technique chosen for balancing the 
HRV should pennit easy evaluation and modification of the balancing in 
the future. This would be beneficial both at the time of installation and 
later when checking for possible problems with the HR V ventilation 
system. It would also make perfonnance requirements more enforceable. 
This will lead to a reduction in poor installation practices, such as leaving 
HR.Vs unbalanced and the use of inappropriate ductwork. 

Building Codes should require the installation of balancing dampers in 
the main duct for both the supply and exhaust air streams. Flow 
measuring stations, or taped and labeled holes in ductwork for flow 
measuring devices, should be required in the locations specified in the 
HRAI publication Installation Manual for Residential Mechanical 
Ventilation Systems. Inspectors could then use a gauge and existing or 
inexpensive temporary flow measuring stations to check HR V ventilation 
system air flow rates. 

Alternatives such as measuring flows across the HRV core, should be 
pennitted where the flows can be compared to independent testing to 
ensure acceptable accuracy. Flow measurements across the HRV core 
would require access provisions by the manufacturer and the 
manufacturer's recommendations for appropriate procedures. 

The balanced flow rates for the I-IRV on high and low speeds should be 
marked on labels left on the machines. The labels should also identify the 
name of the company, person who balanced the HRV and their HR.AI 
certification number (where applicable). 

4. HRV Operation Coupled to Circulation 
Fan 0Qeration 
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For extended and simplified systems, the ventilation air supplied by the 
HR V was not adequately distributed unless the forced-air system 



circulation fan was also in operation. A mechanism is required to 
automatically cause the circulation fan to tum on when the HRC is 
operating. Once available, governments should consider making such 
devices mandatory in extended and simplified installations. 

5. Supply Intake Design and Location 
The suction at the HRV supply intake caused debris to settle on the 
supply screen and clog the supply intake at many houses in this study. 
Homeowners noted that the debris built up quickly. Clogged grilles were 
found to cause imbalanced HRV operation. 

Government researchers should carry out a study to determine the best 
ways of resolving this problem. The research effort should address the 
relationship between the height of the grille and the rate of debris 
accumulation. It should also investigate the use of larger intake openings 
to be fitted with screening. A determination should be made of the 
opening size to air flow rate ratio at which various debris falls to the 
ground instead of being held against the screen face by suction. 

Based upon the results of this research, regulatory agencies should make 
changes to HR V intake and exhaust hood installation requirements to 
reduce this problem. 

6 .  Simplified Cross Furnace Installations 
The HR V exhaust was taken from the supply side of the furnace in all 
simplified cross furnace installations included in this study. The balance 
of the HRV installation was found to be most affected by varying the 
furnace speed in these systems. Inherently, this will lead to exhausting 
some of the supply air brought in by the HR V before it is used. 

These systems may be less than optimal in other ways as well. Energy 
losses with these systems may inherently be much greater. Further 
research could be undertaken to determine if this is true. 

The use of these systems should be discouraged. 

7. HR V Trouble Indicators 
For a discussion of these devices, refer to Section 1 1 . 1  item 1 .  The HRV 
industry should be encouraged to develop trouble indicating devices or 
fail safe controls. Once effective, reliable devices are in production, 
regulatory agencies should eventually mandate them. To best phase in the 
requirements for these devices, a date could be set requiring such devices 
in CAN/CSA-F326-M91 .  
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8. Kitchen Grease Filters 
Building codes should require washable metal grease filters at kitchen 
exhaust inlets in all cases. The present alternative of a duct that is 
accessible for cleaning is impractical and leads to a variety of 
interpretations that are not always appropriate. 

9. Flexible Ducting 
A single case was found where the interior surface of the flexible ducting 
had collapsed and was preventing air flow through the supply side 
ductwork. This problem was found only after other possible causes of the 
negligible supply air flow readings had been investigated and eliminated. 
This problem may warrant further study to determine if it has the 
potential to be a significant issue. The first step should be to investigate 
existing standards and quality control practices to ensure the interior liner 
of flexible ducting does not separate from the supporting ribbing that 
provides it with form. 

1 1 .4 Government Research and Development 

This project points to a number of ventilation issues where further research 
and development efforts would benefit the Canadian public. The future 
undertakings can be divided into three groups: 

• continued investigations of the performance of existing systems; 
• continued efforts to develop innovative, cost-effective high 

performance ventilation systems; 
• development of products and standards with industry to improve 

the performance of commonly installed HRV ventilation systems 
(a number of such products are outlined elsewhere in Section 
1 1 .0, Recommendation for Stakeholders). 

The specific areas of recommended study are as follows. 

1 .  Ventilation Effectiveness Testing of Homes 
With Exhaust Only Ventilation Systems 
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The comprehensive air flow distribution testing carried out on the HRV 
ventilation systems has not heen c�rried out on trn<litionat exhaust-only 
ventilation systems. 

Carrying out such testing would make it possible to compare the 
ventilation effectiveness ofHRV and exhaust only ventilation systems. 
This would be very appropriate information for making decisions in the 
rapidly changing area of ventilation requirements in building codes. 



2. Development oflnnovative Ventilation Systems 
Development of innovative high performance, energy efficient, low 
cost ventilation systems should continue to be a focus of government 
research. For new housing, this effort should concentrate on supplying 
fresh air directly to all living areas of the house. 

The distribution of indirect alternative ventilation systems requires 
further testing, both for those systems included in this study and for 
others that may be proposed. 
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FIELD SURVEY OF H EAT RECOVERY VENTILATION SYSTEMS 

PHASE 1 -INSPECTION RESULTS 

Questions: 

1 .  I s  there a dehumidistat that properly controls the HRV? 

2. Are there any operable remote controls for the HRV? 

3. Are there any operable remote controls for the HRV in the living area? 

4. Are there any operable remote controls for the HRV i n  the bathrooms? 

5. Are there filters and core(s) present and installed correctly? 

6. Are the filters and core(s) clean? 

7 .  Is there a grease filter in the kitchen exhaust port? 

Responses: 

The following percentages are for affirmative responses to the above questions. 

I 
ALL SYSTEMS 

GROUPED BY SYSTEM 

1 Fully Ducted 
2 I Extended Ductin9 
3 I Sim2llfied Ductinn 

GROUPED BY REGION 

1 Central 
2 Central w/o simplified 
3 . East 
4 West 

GROUPED BY AGE OF HRV 

1 2 to 4 years 
2 2 to 4 years w/o simplified 
3 5 to 7 years 
4 8 years plus 

GROUPED BY REGION & SYSTEM 

1 Central Fully 
2 !Central Extended 
3 ICenlral Si1 1 1µllfled Standard 
4 i Central Cross Furnace 
5 '.East Fully 

� East Extended 
7 !West Fully 
8 ! West Extended 

% of total I a #1 : a #2 ! a #3 

1 00 

4 2  
4 0  
1 B 

5 0  
3 2  
2 5  
2 5  

5 8  
3 8  
2 2  
2 0  

1 2  
2 0  
1 0  
8 

1 5 
1 0  
1 5 
1 0 

I 8 3  I 6 1  I 2 3  
I 
; 8 3  i 5 8  I 2 7  I 

8 3  : 9 2  ' 2 9  
I 8 2  � 0 : 0 
j ! ! 
I 8 3  I 4 0  I 1 7  
I 8 4  i 6 3  I 2 8  
I 1 0 0 I 7 9  I 2 1  

6 4  I 8 7  I 3 6  
I I 

8 3  I 5 0  I 1 2  
I 8 3  I 7 4  I 1 8 
I 8 3  6 �  i 3 8  

8 3  I 8 3  I 3 6  
I I 

I 8 6  I 2 9  1 1 '/ 
' 8 3  I 8 3  3 3  
j 6 7  l 0 i 0 

I 1 00 l 0 l 0 ' ! 1 00 ' 6 3  3 8  ; 1 0 0 I 
I 1 0 0 I 0 

i 6 3  I 7 8  2 5  
1 6 7  i 1 00 I 5 0  

Phase 1 - Inspection Results · 

I a #4 I a #S I a #6 

I 6 0  I 8 1  I 4 8  
I I 
I 6 1  I 8 3  I 3 8  

I 8 8  7 8  I 5 5  

I 0 8 0  I 6 0  

I I 3 8  6 7  I 4 4  
6 1  5 9  3 5  
7 3  8 7  5 3  
9 3  1 00 5 0  

4 7  8 2  5 6  
7 0  8 3  5 4  
6 9  8 t>  5 0  
9 1  7 0  2 0  

I 3 3  6 7  1 7 
7 5  5 5  4 S 
0 8 0  ' 6 0  
0 I 8 0  I 6 0  

! 5 6  I 7 8  I 3 3  I 
! 1 00 I 1 00 I 8 3  I 
I 8 8  1 0 0 5 6  I ! 
I 1 0 0 ! 1 0 0 I 4 0  

A - 1  

; a #7 
; 2 3  
i 
! 2 0  
! 2 7  
I N/A 

i 
I 5 0  
I 5 0  
I 1 4 
l 0 
l 
; 2 6  
I 2 6  
! 1 5  
I 2 7  
I 

5 7  
: 4 5  
i N/A 

N /A ' 1 1 ' 
I 2 0  
; 0 
I 0 



FIELD SURVEY OF-HEAT RECOVERY VENTILATION SYSTEM5_ 

PHASE 1 -INSPECTION RESULTS 

Questions: 

8. Do HRV ports have appropriate bird screens that are not blocked? 
9. Is the condensate tube trapped? 
1 0. Does the H RV have a defrost mode? 
1 1 .  Does the HRV have a damper type defrost' mechanism? 
12. Is the defrost mechani'Sm working properly? 
1 3. Does the ductwork appear to be sized according to applicable building code? . 
1 4. Is all vibration isolation installed? ( i .e. meets all criteria listed) 

Responses: 

The following percentages are for affirmative responses to the above questions. 

I % of total I a #a I a #9 i a #1 0 I a #1 1 i a #12 1 a #13 • a # 1 4  

ALL SYSTEMS 1 0 0 I 7 2  I 3 7  I 6 8  7 1  I 9 0  I 7 2  : 8 2  
I I GROUPED BY SYSTEM I I I ' 

1 ; Fully Ducted 4 2  6 8  2 8  i 5 6  8 5  I 1 00 ! 8 4  I 8 8  
2 l Extended Ductinq 4 0  7 9  4 8  I 7 0  8 2  8 8  I 8 8  7 5  
3 ! Simplified Ducting 1 8 6 7  I 3 6  I 9 1  3 6  8 0  9 ! 8 2  

GROUPED BY REGION ! 

1 �Central 5 0  6 4  6 2  I 8 3  6 1  8 4  4 7  i 6 7  
2 !Central w/o simplified 3 2  6 3  7 8  7 9  7 6  8 7  6 8  ; 5 8  ' 
3 !East 2 5  7 3  2 0  I 1 0 0 9 2  1 0 0 I 9 3  I 9 3  
4 iWest 2 5  8 7  7 I 0 N/A N/A 1 0 0 ' 1 0 0 

GROUPED BY AGE OF HRV I I I 
1 1 2  to 4 years 5 8  7 9  4 3  8 0  7 5  8 9  6 9  i 8 3  ' 
2 12 to 4 years w/o simplified 3 8  8 3  4 6  7 5  1 0 0 9 4  9 6  I 8 3  I 

3 Is to 7 years 2 2  6 9  2 3  2 5  3 3  1 00 7 7  I 8 5  
4 ; 0  years plus 2 0  5 8  3 6  7 5  8 6  8 8  7 5  ! 7 5  

GROUPED B Y  REGION & SYSTEM I 
1 !Central Fully 1 2 4 3  5 7  7 1  6 7  1 0 0 4 3  

I 5 7  . 
2 I Central Extended 2 0  7 5  9 1  8 3  8 2  I 8 0  8 3  5 8  
3 I Central Simolified Standard 1 0 6 7  5 0  8 3  3 3  8 0  0 I 1 0 0 . 
4 : Central Cross Furnace 8 6 7  2 0  . 1 0 0 4 0  8 0  2 0  I 6 0  
5 ! East Fully 1 5 7 8  3 3  ! 1 00 1 0 0 ! 1 0 0 I 1 00 ! 1 0 0 
6 : East Extended 1 0  6 7  0 1 00 8 3  ! 1 0 0 I 8 3  8 3  
7 :West Fully 1 5 7 8  I 0 I 0 N/A I N/A 1 00 1 0 0 
8 'West Extended 1 0 1 00 I 1 7 ! 0 N/A i N /A I 1 0 0 1 0 0 ' 
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FfELD SURVEY OF-HEA-T RECOVERY VENTflA TION SVS-TEMS. 

PHASE 1 -INSPECTION RES UL TS 

Questions: 

1 5. Is cold side ductwork installed properly? ( i .e.  meets al l  criteria listed) 
1 6. Do exterior hood assemblies meet all standards of good practice? 
1 7. Are there any pollutant sources within 6 feet of the supply port? 
1 8. Are flow measuring stations permanently installed? 
1 9. Have balancing dampers been installed in both the main supply and exhaust 

ducts? 
20. Was the H RV operational (not blocked or broken) at time of inspection? 
21 . Are the HRV supply and exhaust flow rates balanced within 1 0% on typical 

operating speed? 

Responses: 

The following percentages are for affirmative responses to the above questions. 

I % of total a #15  I a #1 6 i a # 17  I a #18  I a #1 9 I a #20 
ALL SYSTEMS 1 00 5 2 I 8 2  I 2 2  I 2 7  I 5 0  9 3  
GROUPED BY SYSTEM 

1 l Fully Ducted 4 2  6 0  7 6  ! 2 1 3 2 5 2 I 9 2  
2 Extended Ducting 4 0  I 5 0  I 9 2 i 2 1 2 9 4 2  I 9 6  
3 Simplified Ducting 1 8 3 6  7 3  2 7  9 6 4  I 9 1  

GROUPED BY REGION 
1 ! Central 5 0  4 0 7 7  1 7  3 0  5 0  9 0  
2 Central w/o simplified 3 2  4 2  7 9  I 1 1 4 2  4 2  8 9  I 
3 East 2 5  8 0  9 3  2 7  1 3  6 0  9 3  
4 West 2 5  4 7  8 0  2 7  3 3  4 0  1 00 

GROUPED BY AGE OF HRV I 
1 2 to 4 years 5 8  5 7  8 0  2 4  2 6  5 7  9 7  
2 ::i to 4 years w/o simplified 3 8  6 7  8 3  2 2  33  54  I 1 00 
3 5 to l.J..ears 2 2  3 8  77  8 2 3  I 3 8  9 2 
4 8 years plus 2 0 5 0  9 2  3 3  3 3  4 2  8 3  

GROUPED BY REGION & SYSTEM 
1 Central Fully 1 2 4 3  7 1  0 4 3  ' 5 7  8 6  I 

2 I Central Extended ?. O  4 2  8 3  I 1 7 4 2  3 3  9 2  
3 ! Central Sime lilied Standard 1 0  3 3  8 3  I 3 3  1 7  5 0  i 8 3  
4 I Central Cross Furnace 8 4 0 6 0  I 2 0  0 8 0  j 1 00 
5 i East Full}'. 1 5 8 9  8 9  4 4  22  56  ' 8 9  
6 ! East Extended 1 0  ' 6 7  1 00 0 0 i 6 7  I 1 00 ' -----:--0 7 1west Full:i 1 5  4 4  6 7  1 1 3 3  4 4  I 1 00 
8 !West Extended 1 0 I 5 0  I 1 00 ' 5 0  3 3  3 3  ! 1 00 
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47  

4 5  
5 0  
4 5  

4 6  
4 6 
4 3  
5 4  

4 8 
5 0  
5 5  
3 3  

4 0 
5 0  
5 0  
4 0 
3 8  

I 5 0  
5 6  

l 5 0  



FIELD SURVEY OF H EAT RECOVERY VENTILATION SYSTEMS 

PHASE 1 -INSPECTION RESULTS 

Questions: 

22. Are the HRV supply and exhaust flow rates balanced within 40% on typical 
operating speed? 

23. Does furnace fan operation cause the HRV balance to be ·effected ·by more than 
20 cfm (e.g. difference in supply vs. exhaust) 

24. At the time of inspection, was the HRV capable of running within 1 0% of 
presently required F326 flow rates? 

25. At the time of inspection, were low speed flow rates less than 60% of high speed 
flow rates? 

Responses: 

! 
The following percentages are for affirmative responses to the above questions. 

I % of total i a #22 I a #23 a #24 : a #25 

ALL SYSTEMS 1 0 0 I 7 1  I 1 0 3 5  ' 3 6  
GROUPED BY SYSTEM i ! : 

1 Fully Ducted 4 2  ! 6 8  0 5 5  i 4 3  
2 I Extended Ductino 4 0  i 7 2  6 2 8  : 1 7 
3 I Simplilied Ductino 1 8 l 7 3  1 8 9 i 5 5  

GROUPED BY REGION l ! 
1 Central 5 0  ! 7 1  I 1 6  ! 4 2  ; 4 2  
2 Central w/o simplified 3 2  I 6 9  I 1 3 I 6 9  3 1  
3 East 2 5  i 6 4  0 I 1 5 i 3 8  
4 West 2 5  l 7 7  0 I 4 2  i 2 3  

GROUPED BY AGE OF HRV I I I . 
1 2 to 4 years 5 8  I 7 7  1 0  I 3 9  ; 3 9  
2 2 to 4 years w/o simplified 3 8  I 8 0  I 0 I 5 5  ! 3 0  l 
3 5 to 7 :tears 2 2  I 6 4  I 0 I 3 0  4 5  
4 8 years plus 2 0  i 5 6  I 2 0  i 2 5  i 1 3 

GROUPED BY REGION & SYSTEM l I l 
I 

1 Central Fully 1 2 I 8 0  N/A I 8 0  I 6 0  
2 Central Extended 2 0  I 6 3  1 3 ! 6 3  � 1 3 
3 ! Central Sim�lified Standard 1 0 ! 1 0 0 I 1 7 j 1 7  ! 6 7  
4 : Central Cross Furnace 8 I 4 0  I 2 0  : 0 : 4 0  ! 
5 i East Fully 1 5  ! 5 0  I N / A  2 9  5 7  
6 I East Extended 1 0  I 8 3  I 0 : 0 1 7  
7 '. West Fully 1 5 I 7 8  I 0 6 3  2 2  

- - · 

8 iWest Extended 1 0 7 5  i 0 0 : 2 5  

Phase 1 - Inspection Results A - 4  
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HOUSE 
ID 

Central 
CF0-1 
C F2-1 
CF2-2 
CF2-3 
CF2-4 
CF2-5 
CF2-6 
CF5-1 
CF5-2 
CF8-1 

CE0-1 
CE2-1 
CE2-2 
CE2-3 
CE2-4 
CE2-5 
CE2-6 
CE2-7 
CE2-8 
CE2-9 

CE2- 1 0  

CE5-1 
CE8-1 
CE8-2 
CE8-3 
CE8-4 

Notes: 
1 
2 
3 

HRV FLOW RATE SUMMARY CHART • PHASES 1 & 2 

YEAR CURRENT FLOW RATES AS FOUND BALANCED 
INSTALLED F326 AEQ'D HIGH HIGH IMBALANCE IMBALANCE F326 SUPPLY F326 EXHAUST CAPACITY 

FLOW RATE SUPPLY EXHAUST SUP - EX DIFFERENCE DIFFERENCE AS LEFT 
(Us) (Us) (Us) (Us) (% OF F326) 

1 995 52 NIA NIA NIA NIA NIA NIA 1 00% 
1 991 42 31  55 -25 -44% -28% 30% 1 00% 
1 992 52 49 53 -5 -9% -6% 3% 1 00% 
1 993 38 40 44 -4 - 1 0% 6% 1 8% 1 00% 
1 992 57 60 44 1 E  27% 6% -23% 1 00% 
1 993 57 52 52 o 0% -8% -8% 1 00% 
1 992 47 45 45 o 0% -5% -5% 1 00% 
1 989 52 D 0 a NIA NIA NIA NIA 
1 989 52 33 1 2  21  64% -36% -77% 45% 
1 982 57 NA NA NA NA NA NR NR 

1 995 52 52 52 a 0% 0% 0% 1 00% 
1 993 47 38 37 1 3% -20% -22% 1 00% 
1 992 1 04 NA NA NA NA NA NA NA 
1 993 66 {34 71 -7 - 1 0% -4% 7% 1 00% 
1 991 47 67 44 23 35% 42% -7% 1 00% 
1 992 66 6E 62 4 6% - 1 %  -6% 1 00% 
1 991 71 El6 66 a 0% -7% -7% 1 00% 
1 992 1 04 El7 67 a 0% -36% -36% 64% 
1 993 61 64 64 0 0% 4% 4% 1 00% 
1 992 71 0 66 -66 -1 00% -1 00% -7% 1 00% 
1 995 57 53 53 0 0% -7% -7% 1 00% 

1 990 57 NA NA NA NR NA NR NA 
1 986 61 28 72 -44 -61 % -54% 1 8% 1 00% 
1 984 66 !}4 95 - 1  - 1 %  43% 44% 1 00% 
1 987 76 1 33 76 56 42% 76% 1 %  1 00% 
1 986 76 NA NA NA NA NA NR NA 

High speed settings are maximums possible for HAV, they do not necessarily reflect operating speeds of HRVs at t ime of inspection. 
Imbalance column is based on the flow rate difference (supply - exhaust) as a percentage of the higher flow rate. 
NA: Flow rates not recorded 

COMMENTS 

does not operate on low 

broken supply motor 
unit, ductwork undersized 
octupus flexible ductwork 

rectangular ductwork no fms 

long coldside flex ducting 

homeowner installation 

ductwork disconnected 
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HRV FLOW RATE Sl,IMMARY CH��T - PHASES 1 & 2, continued 
HOUSE YEAR CURRENT FLOW RATES AS FOUND BALANCED COMMENTS 

ID  INSTALLED F326 REQ'D HIGH HIGH IMBALANCE IMBALANCE F326 SUPPLY F326 EXHAUST CAPACITY 
FLOW RATE SUPPLY EXHAUST SUP - EX DIFFERENCE D IFFERENCE AS LEFT 

(Us) (Us) (Us) {Us) (% OF F326l 

Central, continued 
CS0-1 
CS2-1 
CS2-2 
CS2-3 
CS2-4 
CS2-5 
CS2-6 
CS2-7 

CC2-1 
CC2-2 
CC2-3 
CC2-4 
CC2-5 

East 
EF2-1 
EF2-2 
EF2-3 
EF5·1 
EF5·2 
EF8-1 
EF8-2 
EF8-3 
EF8·4 

Notes: 
1 
2 
3 

1 995 NIA NIA NIA NIA NIA NIA NIA NIA 
1 994 61 67 47 20 30% 1 0% -23% 80% 
1 993 71 49 53 -4 -8% -31 %  -25% 69% 
1 992 57 53 53 0 0% -6% -6% 1 00% 
1 993 66 53 64 - 10  - 1 6% - 1 9% -4% 8 1 %  
1 993 71 51 44 8 1 5% -27% -38% 62% 
1 993 76 53 69 - 1 6  -23% -29% -9% 71 % 
1 995 52 0 54 -54 -1 00% -1 00% 4% 1 00% 

1 992 57 44 69 -25 -36% -23% 22% 78% 
1 991 61 49 53 -4 -8% -20% - 1 3% 62% 
1 992 61 62 76 - 1 4  - 1 8% 1 %  23% 1 00% 
1 992 61 38 41 -3 -8% -38% -33% 62% 
1 992 57 40 94 -54 -58% -29% 67% 1 00% 

1 992 52 35 35 0 0% -32% -32% 68% 
1 991 52 65 30 35 54% 25% -42% 1 00% 
1 991 66 82 44 38 46% 24% -34% 66% 
1 990 52 49 52 -3 -5% -5% 0% 1 00% 
1 990 52 34 67 -34 -50% -35% 30% 1 00% 
1 987 66 89 90 -1 -2% 34% 36% 1 00% 
1 985 61 0 45 -45 -1 00% -1 00% -27% 0% 
1 987 76 0 42 -42 - 1 00% -1 00% -44% 56% 
1 987 52 82 61 20 25% 57% 1 8% 1 00% 

High speed settings are maximums possible for HRV, they do not necessarily reflect operating speeds of HRVs at time of inspection. 
Imbalance column is based on the flow rate difference (supply - exhaust) as a percentage of the higher flow rate. 
NA: Flow rates not recorded 

undersized unit 

poor installation 
Jong runs of flex ducting 
long runs of flex ducting 
collapsed flex ducting 

flexible ducting compressed 

excessive coldside ducting 

excessive coldside ducting 

supply motor broken 
ductwork concealed 
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HRV FLOW RATE SUMMARY CHART • PHASES 1 & 2, continued 

HOUSE YEAR CURRENT FLOW RATES AS FOUND BALANCED 
I D  INSTALLED F326 R EQ'D HIGH HIGH IMBALANCE IMBALANCE F326 SUPPLY F326 EXHAUST CAPACITY 

FLOW RATE SUPPLY EXHAUST SUP - EX DIFFERENCE DIFFERENCE AS LEFT 
(Us) (Us) (Us) (U�) (% OF F326) 

East, continued 
EE2-1 
EE2-2 
E E2-3 
E E2-4 
EE5-1 
EE8-1 

West 
WF2-1 
WF2-2 
WF2-3 

WF5-1 
WF5-2 
WF5-3 
WF5-4 

WF8-1 
WF8-2 

WE2-1 
WE2-2 
WE2-3 

WE5-1 
WE5-2 
WES-3 

Notes: 
1 
2 
3 

1 993 71 61 50 1 2  1 9% - 1 3% -30% 70% 
1 993 57 1 0 1  53 48 47% 79% -6% 1 00% 
1 991 66 54 57 -3 -5% - 1 9% - 1 4% 8 1 %  
1 991 66 90 87 2 3% 36% 32% 1 00% 
1 988 76 59 61 -2 -4% -22% -1 9% 78% 
1 984 57 4 1  57 - 1 6  -28% -28% 0% 83% 

1 992 57 4.5 47 -2 -4% -20% - 1 7% 80% 
1 993 71 62 67 -5 -8% - 1 2% -5% 1 00% 
1 992 80 85 76 9 1 1 % 6% -6% 1 00% 

1 988 52 88 47 41 47% 70% -9% 1 29% 
1 989 76 41 51 - 1 0  -20% -46% -32% 54% 
1 989 66 73 69 4 6% 1 1 %  4% 1 00% 
1 988 71 47 67 -20 -30% -33% -5% 67% 

1 987 76 3L 71 -37 -53% -56% -6% 1 00% 
1 985 57 5€· 53 2 4% -2% -6% 1 00% 

1 992 80 1e 77 1 1 %  -2% -4% 1 00% 
1 992 76 57 53 3 6% -25% -29% 7 1 %  
1 991 90 68 52 1 6  23% -24% -42% 73% 

1 990 61 1 89 99 90 48% 208% 61 % 1 47% 
1 988 71 1 70 80 90 53% 1 40% 1 3% 1 00% 
1 988 61 1 20 93 27 22% 96% 52% 1 00% 

High speed settings are maximums possible for HAV, they do not necessarily reflect operating speeds of HAVs at time of inspection. 
Imbalance column is based on the flow rate difference (supply - exhaust) as a percentage of the higher flow rate. 
NA: Flow rates not recorde·j 

COMMENTS 

occupant adjusted flows 

unit undersized 

maximum capacity within 1 O°/c 

occupant dampered flows 

filter added to supply side 

unit properly sized 
undersized unit 
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FIELD SURVEY OF HEAT RECOVERY VENTILATION SYSTEMS 

PHASE 1 - OCCUPANT SURVEY RESULTS 

Questions: 

1 .  Was the operation of the HRV explained to the occupant? 
2.  Was literature provided with the unit? 
3. Given that literature was provided with the unit, did the occupant read it? 
4. Where there was a furnace or boiler, d id the occupant have an arrangement with 

a company to maintain their furnace? 
5. Did the occupant have an arrangement with a company to maintain their H RV? 
6. Did the occupant understand the purpose of their HRV? 
7. Did the occupant rate the air quality in their home as being good or better? 

Responses: 

The following percentages are for affirmative respom�es to the above questions. 

I % of total i 1 I ·2 3 i 4 : 5 ' 
ALL SYSTEMS 1 00 I 6 3  ! 8 5  i 7 8  ! 1 8  I 1 0  

. 
I i 

GROUPED BY SYSTEM I I I I 
1 : Fully Ducted 4 2  I 6 4  I 8 8  I 7 7  I 20 I 1 3 I ! 

2 : Extended Ducting 4 0  ! 6 7  I 7 9  I 8 9  ! 25  i 1 3 ! 
3 i Simplified Ductino 1 8 I 5 5  I 9 1  I 6 0  . 0 0 

GROUPED BY REGION I I I I 
1 ! Central 5 0  4 7  I 8 7  77  : 1 2 7 
2 !Central w/o simplified 3 2  4 2  8 4" 88  I 20 1 1  
3 ! East 2 5  6 7  7 3  6 4  I 1 3  0 
4 !West 2 5  I 9 3  9 3  9 3  3 6  2 7  I 

GROUPED BY AGE OF HRV 
1 1 2  to 4 years 5 8  6 6  8 9  7 7  1 7  1 2  
2 12 to 4 years w/o simplified 3 8  I 7 1  8 8  8 2  2 8  I 1 7  
3 IS to 7 years 2 2  62  77  80  30  1 7  
4 ta vears plus 2 0  5 8  8 3  8 0  1 4  0 I 

GROUPED BY REGION & SYSTEM I I 
1 !Central Fully 1 2 2 9  8 6  8 3  0 1 7  
2 ! Central Extended 2 0  5 0  8 3  I 9 0  2 5  8 I 
3 I Central Simplified Standard 1 0  6 7  1 00 33  

. 
0 0 ! I 

4 i Central Cross Furnace 8 I 4 0  8 0  ! 1 00 0 0 I 

5 l East Fully 1 5 I 5 6  I 7 8  5 7  I 5 0  I 0 ! 
I 

6 l East Extended 1 0  I 8 3  6 7  I 7 5  I 0 I 0 
7 IWest Fullt 1 5  I 1 00 I 1 00 I 8 9  I 2 0  2 2  i 
8 :west Extended 1 0  I 8 3  I 8 3  I 1 00 5 0  I 33  t 

Phase 1 - Occupant Survey Results 

6 
8 5  

8 0  
9 6  
7 3  

8 7  
9 5  
8 0  
8 7  

8 3  
8 8  
7 7  
1 00 

8 6  
1 00 
5 0  
1 00 
6 7  
1 00 
8 9  
8 3  

8 - 1 

I 7 
I 8 1  I 
i 
i 8 6  
I 8 3  

6 4  
I 

7 3  
I 7 9  
I 8 3  

9 3  

8 0  
8 8  
7 3  
9 1  

8 6  
7 5  
5 0  
8 0  
8 3  
8 3  

I 8 9  
I 1 00 



FIELD SURVEY OF HEAT RECOVERY VENTILATION SYSTEMS 

PHASE 1 - 0CCUPANT SURVEY RESULTS 

Questions: . 

8. · Did the occupant believe the HRV ventilation system had any impact on the air . 

quality in their home? 
9. · Does the occupant clean HRV system kitchen grease filteronce ·a year or more? 
1 0. Does the occupant clean HRV filters once a year or more? 
1 1 .  Does the occupant clean ·HRV·filters every three months or more? 
1 2. Does the occupant clean H RV bird screens once a year or more? 
1 3. Does the-occupant clean HRV bird screens every three·months ·or more? 
1 4. Does the occupant clean HRV core once a year or more? 

Responses: . . . 

The following percentages are- for affirmative responses ·to the above questions. 

I % of total I 8 I 9 I 1 0  I 1 1  I 1 2  1 3  ' 1 4  ! I 

ALL SYSTEMS 1 00 ! 7 9  6 7  I 8 1  I 26  I 5 1  I 1 5 6 3  
GROUPED BY SYSTEM ' I I I I I 

1 Fully Ducted 4 2  I 9 5  5 7  8 3  I 2 6  I 50  I 2 5  I 58  j 

2 Extended Ductino 4 0  7 9  7 5  I 8 3  I 29  6 3  I 8 I 6 7  
3 Simolified Ductino 1 8 I 4 5  N IA 7 3  1 8  I 27 9 6 4  

GROUPED BY REGION 
1 Central 5 0  I '/ O  I 8 0  7 6  34  I 4 7  1 7  I 6 0  
2 Central wlo simplified 32  ! 8 4  8 0  I 7 8  I 4 4  I 5 8  2 1  5 8  
3 East 2 5  8 3  5 0  8 0  7 3 3  7 5 3  
4 West 2 5  9 3  3 3  I 9 3  2 9  79  2 1  7 9  

GROUPED BY AGE OF HRV I 
1 2 to 4 years 5 8  7 4  8 8  8 0  3 1  4 6  2 0  6 6  
2 2 to 4 vears wlo simplified 3 8  8 8  8 8  8 3  3 8  5 4  2 5  6 7  
3 5 to 7 vears 2 2  8 2  2 5  9 2  3 3  5 8  1 7 5 0  
4 8 years plus 2 0  9 1  6 7  7 3  0 5 8  0 6 7  

GROUPED B Y  REGION & ZYZTJ:M 
1 Central Fully 1 2 1 00 1 00 6 7  6 7  5 7  4 3  4 3  
2 Central Extended 2 0  7 5  7 1  8 3  I 3 3  5 8  8 6 7  -

3 Central Slmolilied Standard 1 0  3 3  N IA 67  1 7  3 3  0 5 0  
4 Central Cross Furnace 8 6 0  N /A 8 0  I :i o  20 2 0  I 8 0  
5 East Fullv 1 5  1 00 0 7 8  I 0 22  I 1 1 I 5 6  
6 East Extended 1 0  6 7  1 00 8 3  I 1 7  i 5 0  . o I 5 0  
7 West Fully 1 5  8 9  3 3  1 00 I 2 5  I 75 2 5  7 5  
8 West Extended 1 0  ! 1 00 I NIA I 8 3  3 3  8 3  ! 1 7  I 8 3  

Phase 1 - Occupant Survey Results B - 2  



FIELD SURVEY OF HEAT RECOVERY VENTILATION SYSTEMS 

PHASE 1 - 0CCUPANT SURVEY RESULTS 

Questions: 

1 5. Does the occupant clean HRVcore every three· months or more? 

1 6. Did the occupant understand the use of their dehumidistat and its effect on 

humidity in the home? 
1 7. Was the occupant aware of how the H RV defrost mechanism worked? 

1 8 .  D id the occupant know how operating the furnace fan influenced the 

effectiveness of the ventilation system? 

1 9. Was the occupant aware of any negative effects that could result from the HRV 

not being balanced? 
20. Did 2 or more people interact with the HRV? 
21 . Do the occupants usually use high speed timers in bathrooms? 

Responses: 

The following percentages are for affirmative responses to the above questions. 

I % of total I 1 5  I 1 6  I 1 7  I 1 8  I 1 9  l 2 0  
ALL SYSTEMS 1 00 I 1 0  4 2  1 6 I 5 3  2 3  6 6  
GROUPED BY SYSTEM I I 

1 1 Fully Ducted 4 2  8 I 4 0  0 I 5 0  2 0  7 8  
2 !Extended Ducting 4 0  6 I 57  2 6  I 6 1  3 3  I 7 5  
3 ! Simplified Ducting 1 8 I 1 8 1 8 1 8 I 3 6  I 9 I 1 8  

GROUPED BY REGION I 
1 ! Central 5 0  1 0 4 3  1 8  4 8  2 3  4 5  
2 ! Central w/o simplified 3 2  5 5 9  1 8 5 7  3 2  6 1  
3 East 2 5  0 I 4 7  1 3  5 0  3 3  9 3  
4 West 2 5  I 2 1  3 3  NIA 8 0  1 3  7 9  

GROUPED B Y  AGE OF HRV I 
1 2 to 4 years 5 8  9 4 1  2 2  5 0  2 3  5 6  
2 2 to 4 years w/o simplified 3 8  4 5 2  2 5  5 3  2 9  7 4  
3 5 to 7 years 2 2  2 5  2 2  0 5 7  0 7 5  
4 8 years plus 2 0  0 6 4  1 0  6 0  5 0  8 3  

GROUPED BY REGION & SYSTEM 
1 Central Fully 1 2  1 4  3 3  0 5 0  2 9  5 0  
2 Central Extended 2 0  0 7 3  2 5  5 8  3 3  6 7  
3 ! Central Simplified Standard 1 0  1 7  1 7  0 1 7  0 1 7  
4 Central Cross Furnace 8 2 0  2 0  4 0  6 0  2 0  2 0  
5 : East Fully 1 5  0 4 4  0 N IA 3 3  8 9  
6 East Extended 1 0  0 5 0  3 3  5 0  3 3  1 00 
7 West Fully 1 5  1 3  4 0  N/A N IA 0 8 8  
8 !West Extended 1 0  3 3  2 5  NIA 8 0  3 3  6 7  

Phase 1 - Occupant SuNey Results 8 - 3 

l 2 1  
I 6 8  

5 3  
6 1  

N IA 

7 5  
7 5  
6 9  
6 2  

7 9  
7 9  
4 4  
7 0  

6 7  
7 8  

NIA 
NIA 
4 3  
1 00 
5 7  
6 7  



FIELD SURVEY OF HEAT RECOVERY VENTILATION SYSTEMS 

PHASE 1 - OCCUPANT SURVEY RESULTS 

Questions: 

22. During the winter, is the occurrence of window condensation seldom or never? 
23. During the winter, is the basement dampness noted rarely or never? 
24. During the winter, is the air acceptably moist most of the time? 
25. Is the H RV used intermittently or continuously in the spring? 
26. Is the HRV used continuously in the spring? 
27. Is the HRV used at all during the summer? 
28. Is the HRV used intermittently or continuously in the summer? 

Responses: 

The following percentages are for affirmative responses to the above questions. 

I 
% of total i 22 I 2 3  I 2 4  I 2 5  I 2 6  i 2 7  I 2 8  I 

ALL SYSTEMS 1 00 ' 95  I 9 3  6 8  I 8 7  6 2  I 7 5  7 5  I 

GROUPED BY SYSTEM ; I I ! j 
1 Fully Ducted 4 2  ; 1 00 I 9 6  7 2  I 1 00 7 6  I 8 4  8 8  
2 Extended Ductina 4 0  i 92  I 9 2  8 3  8 3  5 4  7 5  7 5  
3 Simplified Ductina 1 0 I 9 1  I 9 1  2 7  I 64  4S  i S S  4 S  I 

GROUPED BY REGION i I I 
1 Central 5 0  l 9 3  I 9 7  6 3  I 7 3  4 7  I 6 3  6 0  
2 Central w/o simplified 3 2  I 9S  1 00 I 8 4  7 9  4 7  6 8  68  i 

3 East 2 5  I 9 3  8 7  I 4 7  1 00 5 3  ' 7 3  8 0  
4 West 2 S  I 1 00 9 3  1 00 1 00 1 00 1 00 1 00 

GROUPED BY AGE OF HRV I 
1 2 to 4 years S 8  : 94  94  6 6  8 3  6 3  7 1  6 9  
2 2 to 4 years w/o simplified 3 8  I 9 6  9 6  8 3  9 2  7 1  7 9  7 9  
3 I s  to 7 years 2 2  ! O ?  .., �  8 5  8 5  n 5 !} 7 7  8 5  
4 8 vears plus 2 0  I 1 00 1 00 5 8  9 2  5 0  8 3  8 3  

GROUPED BY REGION & SYSTEM I 
1 Central fully 1 2  I 1 00 1 00 7 1  1 00 5 7  8 6  8 6  
2 Central Extended 2 0  l 9 2  1 00 9 2  6 7  4 2  5 8  5 8  
3 Central Simplified Standard 1 0 I 8 3  8 3  1 7  6 3 · 5 0  I 6 7  5 0  
4 Central Cross Furnace 8 I 1 00 1 00 4 0  ' 4 0  4 0  4 0  I 40  
s East Fully 1 5  ' 1 00 6 9  I 44  1 00 6 7  6 7  7 6  
6 i East Extended 1 0  i 6 3  8 3  I 5 0  1 00 3 3  8 3  8 3  
7 West Fully 1 5 ! 1 00 1 00 1 00 1 00 1 00 1 00 1 00 
8 1West Extended 1 0  i 1 00 6 4  1 00 1 00 1 00 1 00 1 00 I 

Phase 1 - Occupant SuNey Results B - 4  



FIELD SURVEY OF HEAT RECOVERY VENTILATION SYSTEMS 

PHASE 1 - OCCUPANT SURVEY RESULTS 

Questions: 

29. Is the HRV used intermittently or continuously in the fal l? 
30. Is the HRV used continuously in the fal l? 
31 . Is the HRV used intermittently or continuously in the winter? 
32. Is the HRV used continually in the winter? 
33. D id the occupant have a reason for not running their HRV continuously for part 

of the year? 
34. D id the occupant have a reason for not running their HRV continuously during 

the winter? 
35. Are all components in the occupants HRV, the ones that originally came in the 

unit? 

Responses: 

The following percentages are for affirmative responses to the above questions. 

I % ot total ! 2 9  i 3 0  3 1  i 3 2  I 3 3  i 3 4  
ALL SYSTEMS 1 00 I 9 2  ! 7 0  I 1 00 ! 8 2  I 77  I 6 9  I I 

GROUPED BY SYSTEM I I I ' I 
1 I Fully Ducted 4 2  I 1 00 I 0 0 . I 1 00 I 8 4  I 8 0  7 5  I I 

2 ! Extended Ducting 4 0  I 8 3  6 3  i 1 0 0 ' 7 1  7 1  6 7  
3 Simplified Ductinq 1 8 I 9 1  ! 64  I 1 0 0 I 1 00 I 8 6  NIA I 

GROUPED BY REGION I I I I 

1 Central 5 0  I 8 3  I 6 0  ' 1 00 I 8 3  8 4  I 7 1  I I ' 

2 Central w/o simplified 3 2  I 7 9  5 8  I 1 00 I 7 4  8 3  7 1  
3 East 2 5  1 00 I 6 0  I 1 00 I 6 0  7 3  6 7  
4 West 2 5  1 00 I 1 00 I 1 00 I 1 00 0 NIA I 

GROUPED BY AGE OF HRV I I ! 
1 2 to 4 years 

-
5 8  9 4  7 4  I 1 00 8 9  8 3  8 0  

2 2 to 4 years wlo simplified 3 8  9 6  7 9  I 1 00 I 8 3  75  5 7  
3 5 to 7 years 22  92  6 9  I 1 00 6 9  8 3  7 5  
4 8 years plus 2 0  8 3  I 5 8  I 1 00 7 5  5 7  5 0  

GROUPED B Y  REGION & SYSTEM I 
1 Central Fully 1 2  1 00 5 7  ! 1 00 I 7 1  1 00 1 00 
2 Central Extended 2 0  6 7  5 8  I 1 00 7 5  7 8  6 0  
3 Central Simplified Standard 1 0 I 1 00 6 7  I 1 00 l 1 00 6 7  NIA 
4 Central Cross Furnace 8 8 0  6 0  I 1 00 I 1 00 1 00 NIA 
5 ! East Fully 1 5  i 1 00 7 8  ' 1 00 I 7 8  i 8 3  5 0  i 
6 ! East Extended 1 0  I 1 00 i 3 3  ! 1 00 l 3 3  I 6 0  7 5  
7 West Fully 1 5 I 1 00 I 1 00 ' 1 00 I 1 00 I 0 NIA I 

8 West Extended 1 0  I 1 00 i 1 0 0 
' 

1 00 I 1 00 I NIA NIA I I 

Phase 1 - Occupant Survey Results B - 5  
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TELEPHONE SURVEY QUESTIONS AND RESULTS 
(Note: Question numbers correspond to numbers on the survey form.) 

OCCUPANT'S KNOWLEDGE OF THEIR HRV SYSTEM 

Q u e s tion Q u es tion Percen tage No. of 
N o .  o f  Positive App licable 

Resp o n s e s  Resp onses 

How many occupants understood the purpose of 67% 1 O of 1 5  
their HRV? 

2 How many occupants understood how their HRV 27% 4 of 1 5  
worked? 

3 How many occupants said they could tell their HRV 73% 1 1  of 1 5  
was running? 

4 Was the HRV unit located in the basement? 1 00% 1 5  of 1 5  

5 How many occupants could confirm that the HRV was 57% 8 of 1 4  
connected to the furnace ductwork? 

6 How many occupants could confirm that their HRV 7% 1 of 1 5  
exhausted directly from the kitchen and bathrooms. 

7 How many occupants had had the operation and 2 0 %  3 o f  1 5  
maintenance of their HRV explained or 
demonstrated to them? 

8 How many occupants said an operation and 80% 1 2  of  1 5  
maintenance manual had been provided with their 
HRV? 

9 How many of the occupants who were provided with 92% 1 1  of  1 2  
operations manuals had actually read them? 

1 1  How many occupants found the explanations and 60% 9 of 1 5  
instructions in their manuals clear? 

OCCUPANT'S OPERATION OF THEIR HRV SYSTEM 

Q u es tion Q ues tio n Percen tag e No. o f  
N o .  of Positive Applicab le 

Resp o n s e s  Responses 

1 2  How many occupants said they operated the HRV? 80% 1 2  of  1 5  

1 3  The reasons cited for not doing so 
'
by those who said 

they did not operate their HRV were: 
• the HRV d ried out the house too much; 7% 1 of 3 
• the supply air was ducted too close to the 7 %  1 of 3 

thermostat, causing the heating system to 
run continuously and, therefore, to overheat 
the other rooms of the house; and, 

• it was unnecessary to run the HRV. 7% 1 of 3 

1 4  How many occupants responded that they did use 73% 1 1  of 1 5  
different speed settings for their  H RV? 
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Q u e s tion Ques tion Percen tage No. of 
. N o .  o f  Positive App lic a b le 

R e sp o n s es Resp o n s e s  

1 5  D u ring the warm weather months, how many 
occupants operated their HRV: 

a) . all the time? 40% 6 of 1 5  

b) sometimes? 20% 2 of 1 5  

c) never 47% 7 of 1 5  

1 6  The reason cited most often for not operating the 
H RV all the time during warm weather months was 
that it was preferable to open windows for fresh air. 

1 7  D u ring the cold weather months, how many 
occupants operated their HRV? 

a) all the time? 67% 1 0  of 1 5  

b) sometimes? 20% 3 of 1 5  

c) never? 1 3% 2 of 1 5  

1 9  H ow many occupants reported that they had one of 
the following controls for their HRV in their 
home? 

a) central dehumidistat? 0% o of 1 5  

b) dehumidistat on unit? 47% 7 of 1 5  

c) remote on/off switch 20% 3 of 1 5  

d) intermittent switch 1 3% 2 of 1 5  

22 Of the occupants who repo·rted they had 1 00% 7 of 7 
dehumidistats for their HRV unit, how many adjusted 
this dehumidistat? 

2 3  H o w  many occupants operated their  furnace fan on: 
• •Auto"? 7 1 %  1 0  of 1 4  
• "Continuous"? 29% 4 of 1 4  

2 4  Three of the ten occupants who ran their furnace 
fans on "auto" cited the following reasons for not 
running the fan on "continuous": 

• that is what they had done in their  previous 
home 

• the furnace fan cycled on and off enough to 
distribute fresh air 

• on "auto", the fan comes on when it needs 
to.  

2 5  How many occupants were aware of a bui lt•in defrost 0% o of  1 5  
mechanism in their HRV unit? 
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HRV MAINTENANCE 

Q ues tion Ques tion Perc e n ta g e  No. of 
N o .  o f  Positive App licable 

Resp o n
_
s e s  Resp o n s e s  

2 6  Did someone i n  the house perform maintenance on 67% 1 o of 1 5  
the HRV unit? 

2 9  Did the occupant know if there were filters i n  their 
H RV? 
• yes 73% 1 1  of 1 5  

n o  0% O of  1 5  
• was not sure 2 7 %  4 of 1 5  

30 How often did the occupant clean the filter in their 
H RV? 
• every 3 months or more? 7% 1 of 1 5  
• once a year or more? 53% 8 of 1 5  
• never? 40% 6 of 1 5  

3 1  How many occupants.knew where their HRV's 60% 9 of 1 5  
outside intake and exhaust port were? 

3 2  Did t h e  occupants know if their H R V  ports outside 
were equipped with bird screens? 

• yes 40% 6 of 1 5  

n o  0% 
• did not know 60% 9 of 1 5  

3 3  How many occupants cleaned their bird screens at 7% 1 of  1 5  
least once a year? 

34 How many occupants knew that there was a 2 7 %  4 of 1 5 
removable core in their HRV? 

3 5  How many occupants cleaned the cores i n  their 20% · 3 of  1 5  
H RVs? (Those that did clean the cores did so 
approximately once a year) 

OCCUPANT'S PERCEPTION OF INDOOR AIR Q UALITY IN THEIR HOME 

Q u e s tion 
N o .  

Q u e s tio n  

3 8  During the cold weather months, how many 
occupants found the air in their house to be: 

• very fresh 

acceptable 
• stale 

3 9  During the cold weather months, how many 
occupants found the humidity in  their home to be: 

• acceptable? 
• too humid? 

too dry? 

Phase 1 - Telephone Survey Results 

Perc e n ta g e  
of Positive 

.Res p o n s es 

2 7 %  

67% 

7 %  

40% 

7% 

53% 

B - 8  

No. o f  
A pp licab le 
R e s p o n s e s  

4 of 1 5  

1 0  of 1 5  

1 of 1 5  

6 of 1 5  

1 of 1 5  

a of 1 5  



Q u es tion Q u es tion Perc e n tage No. o f  
N o .  of Pos itive Applicable 

R e s p op s e s  Resp o n s e s  

4 0  During t h e  warm weather months, how many 
occupants found the air in  their home to be: 

very fresh? 46% 6 of  1 3  

• acceptable? 38% 5 of  1 3  

• stale? 1 5% 2 of 1 3  

4 1  During the warm weather months, how many 
occupants found the humidity in their home to be: 

• acceptable? 69% 9 of  1 3  

too humid? 23% 3 of 1 3  

• too dry? 8 %  1 of 1 3  

42 How many occupants found that excess humidity 8 6 %  1 2  o f  1 4  
was removed at an acceptable rate from their kitchen 
and washrooms? 

43 How many occupants reported the occurrence of 
window condensation: 

• always? 1 4% ·2 of 1 4  

• sometimes? 43% 6 of 1 4  

• never? 43% 6 of 1 4  

44 How many occupants opened their windows? 1 00% 1 5  of 1 5  

4 5  The occupants reported that they liked t o  open 
windows to ventilate their home. 

4 6  How many occupants had noticed mould growth o n  33% 5 of 1 5  
their windows? 

4 7  How many occupants had noticed. mould growth on 7 %  1 of 1 5  
their walls? 

4 8  How many occupants found the basement to be 
damp or musty smell ing: 

• sometimes? 47% 7 of  1 5  

• never? 5 3% 8 of 1 5  

4 9  How many occupants found the temperature of the 
air  being distributed i n  their  home to be: 

• comfortable? 87% 1 3  of  1 5  

• too cool? 1 3% 2 of 1 5  

• too warm? 0% 

5 0  For those occupants who said the air temperature 1 00% 2 of 2 
was too cool, how many said this would prompt them 
to turn off their H RV? 

5 1  How many occupants found that odours generated 1 00% 1 5  of 1 5  
in the home dissipated quickly? 
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C.O Mixing Within Rooms 

Intensive room tests were undertaken three times to determine the 
appropriateness of using a center-of-room sampling point to represent the 
room air change rate. In all cases, the master bedroom was used, and the 
ventilation system was fully operational. Two of the tests were carried out on 
simplified systems, while the third was carried out on a fully ducted system. 
The results were as follows: 

House ID � CF0-1 CS0-1 
Location (AC/HJ (AC/HJ 
Center of room at mid height 0.49 0.60 
Center of room 300 mm below ceiling 0.33 0.26 
Center of room 300 mm above floor 0.51 0.49 
Corner of room at mid height 0.40 0.32 

Appendix D contains illustrations of the plans of these homes and includes 
the register locations and air flow rates. 

These tests were carried out at the first two houses (the first two tests were at 
the same house with different ducting configurations). At the first house 
(alternative systems house that was also used for CFO- I ,  CS0- 1 and CE0-1 ), 
the outside weather conditions were far colder than at any house thereafter. 
The low AC/H values obtained close to the ceiling level during the tests at 
this house might have been due to cooler ventilation air staying at lower 
elevations within the room. 

The middle of each room at a height of 1 .2 m above floor level was 
arbitrarily decided to be the most appropriate sampling location for 
determining AC/H rates. These rates may not be representative of overall 
room AC/H. 

C.l Apparent Natural AC/H Rates 

Natural air infiltration rates were measured with the HRV off, doors open, 
and circulation fans running where applicable. The following chart shows the 
results of this testing in five standardized locations within each home. 
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}"able C.1 Apparent Natural AC/H Rate Results 

House Id R-2000 Basement Living Kitchen M.Bed Other Bed Largest - A verage 

Least 

CF0-1 • 0.26 0.1 6 0. 1 0  0.07 0.04 0.22 0. 1 3  
CF2-2 • 0.00 0.03 0.03 0.02 0.02 0.03 0.02 
CF2-4 • 0.00 0.02 0.02 0. 1 9  0.1 9 0.06 
CF2-5 • 0.09 0.04 0.04 0.04 0.05 0.05 
CF2-6 • 0.03 0.00 0.02 0.03 0.01 
CE0-1 • 0.02 0 . 1 4  0.1 2  0. 1 0  0.1 2 0. 1 0  
CE2-3 • 0.03 0.04 0.03 0.02 0.02 0.03 
CE2-5 0.30 0.07 0 . 1 1 0.23 0. 1 6  
CE2-7 0.07 0.1 6 0.31 0.23 0.24 0. 1 9  
CE2-8 • 0.00 0.03 0.03 0.00 0.03 0.02 
CE2-9 • 0. 1 3  0. 1 9  0.06 0. 1 6  
CE2- 1 0  . 0.02 0.02 0.04 0.02 0.03 
CES-1 0.26 0.05 0.05 0.07 0.21  0 . 1 1 
CS0-1 • 0.02 0 . 1 4  0. 1 2  0. 1 0  0. 1 2  0.1 0 
CS2-1 0.45 0.42 0.26 0.47 0.21 0.40 
CS2-3 0.25 0.24 0. 1 7  0.24 0.08 0.23 
CS2-5 -0.07 0.1 9 0.21 0.21 0.28 0 . 1 4 
CS2-7 0.41 0.41 0.35 0.06 0.39 
CC2-3 0.40 0.44 0.42 0.04 0.42 
CC2-5 0 . 1 9 0. 1 7  0.21 0. 1 6  0.05 0.1 8 

Overall Average 0.1 5 
Average R-2000 0.06 
Average Non R-2000 0.25 

Note: 

- -·-· 

1 .  CF systems are fully ducted and, therefore, did not have a circulation fan in operation 
during natural air infiltration testing. 

2. House plans and air flow rates at registers are provided in Appendix 0. 
3. Where values are not Included, other rooms were considered to be representative of large 

zones within the house, or the error in sampling data was unacceptably high. 
4. A blank space indicates testing was not carried out in the given location, or lhe error in lhe 

test results was too high. 

From the table, it can be seen that the difference between the greatest and 
smallest natural ventilation rate calculated in these rooms was less than or 
equal to 0.08 AC/H in eleven of the twenty houses. This included three of the 
five fully ducted houses where circulation fans were not running. In five 
houses, the natural ventilation rate in the basement was found to be 
substantially different from those in other rooms, while in the remaining four 
houses it was other rooms that varied from the norm. 

For each house, the average of the natural air change rates recorded in these 
rooms was the amount used to reduce all gross air change rates to calculate 
the mechanical ventilation rates (net AC/H). 
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The overaH average of the naturai infiitration rates was found to be 0. 1 5  
AC/H. Although daily climatic conditions would have a considerable bearing 
on the natural ventilation rates found at each house, it is interesting to note 
that the average natural ventilation rate for the R-2000 houses was a quarter 
of that for the non R-2000 houses. Also note that these figures are in 
agreement with normally assumed values for R-2000 and non-R-2000 
housing. 

C.2 Apparent Total AC/H Rate Results 

The apparent totai AC!H rates (the apparent natural combined with the 
apparent mechanical AC/H rates) were measured at each test house with the 
HR V operating as close as possible to the current F326 minimum ventilation 
capacity (MVC), and all doors within the home were open. 

The following graph summarizes the results for five commonly chosen 
sampling locations within each house. 
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Figure C.1 Graph of Total Air Change Rates 
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In chart format, the results are as follows: 

Table C.2 Total Air Change Rates Chart 

House ID R-2000 Basement Living Kitchen M.Bed Other Bed Largest-

Least 

CF0-1 • 0.49 0.47 0.52 0.51 0. 1 8  0.34 
CF2-2 • 0.26 0.32 0.30 0.39 0.42 0.1 6  
CF2-4 • 0.50 0.67 0.53 0.34 0.64 0.33 
CF2-5 • 0.90 0.20 0.1 4 0.71 0.63' 0.76 
CF2-6 • 0.23 0.63 0.45 0.57 0.59 0.40 
CE0-1 • 0.29 0.31 0.28 0.29 0.03 
CE2-3 • 0.1 8 0.28 0.28 0.46 0.61 0.43 
C E2-5 0.31 0.27 0.29 0.23 0 . 1 5  0. 1 6  
CE2-7 0.1 6 0.24 0.27 0.26 0.1 1 

CE2-8 . 0.1 8 0.27 0.24 0.42 0.44 0.26 

CE2-9 • 0.64 0.23 0.26 0.41 

CE2-1 0 • 0.49 0.48 0.70 0.46 0.24 
CE8-1 0.27 0. 1 7  0 . 1 9  0.1 8 0.1 0 
CS0-1 • 0.42 0.46 0.51 0.52 0.38 0. 1 4  
CS2-1 0.73 0.92 0.51 0.36 0.56 
CS2-3 0.26 0.33 0.29 0.39 0.47 0.21 
CS2-5 0.54 0.29 0.22 0.1 5 0.21 0.39 
CS2-7 0.68 0.67 0.69 0.62 0.62 0.07 
CC2-3 0.71 0.69 0.71 0.65 0.06 
CC2-5 0.52 0.6 0.47 0.51 0. 1 3  

Average 0.44 0.44 0.36 0.44 0.42 

At the time of testing, the apparent total AC/H rate in all rooms in all houses 
was found to be greater than 0. 1 3  AC/H. 

C.3 Fully Operational HRV Ventilation Systems 

This section investigates the net mechanical air change rates for each type of 
system with the HRV balance at the F326 required MVC, the distribution 
system running at the low speed ventilation rate, and all doors within each 
home open. 

As illustrations of the performance of each system type, specific houses are 
discussed in the following sections. For supplementary house plan and air 
flow rate information, please view appendix D. 

C.3.1 Fully Ducted Systems 

The apparent mechanical AC/H rates for all rooms were found to fall into a 
band between 0.2 AC/H and 0 .6 AC/H in three of the five fully ducted 
houses. 
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The following house-specific discussion relates to the two houses where the 
apparent mechanical AC/H rates were low or varied the most. 

CF2-5 
The apparent mechanical AC/H rates varied the most at house CF2-5. At this 
house, the 300 mm long supply duct to the basement was the first branch off 
the main trunk. Despite the damper being virtually closed within this branch 
duct, the net AC/H value jn the basement was the hjghest net ACIH value 
found in any room in any fully ducted house. 

The air flow rate measured in the living room was comparatively low. This i s  
presumably the reason for the low net AC/H value in  the living room. The 
kitchen had an exhaust port, but no supply port and was adjacent to the living 
room. Consequently, the low supply rate to the living room probably resulted 
in an even lower indirect supply rate to the kitchen; and hence, a low AC/H 
was calculated for it. 

CFO-I 
Net AC/H was also found to be low in the "other" bedroom at the CFO- I .  
This was at the new house where systems were being varied on an ongoing 
basis for this study and other ventilation testing research. 

Graphically, the results for all homes with fully ducted systems are as 
follows: 
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Figure C.2 Fully Ducted Systems - Apparent Mechanical AC/H Rates by Room 

Appendix C: Ventilation Effectiveness Testing C- 5 

I • CF0-1 

I 0 CF2-2 

I � CF2-3 

I 0 CF2-5 

I J.. CF2� 



0.90 

0.80 

0.70 

.. 0.60 :I 0 :c 
0.50 ... 

QI 
II. 
en 

0.40 QI Cl c co 
0.30 .:::. u .. 

� 0.20 

0.10 

0.00 

• 

<> 
a a 
4 4 6 
• 
• • 

s � 
� <> 
• Ill 

D 
• 

4 

..... C\I "i LO 
0 "' C\I "' 
u.. u.. u.. u.. 
(.) () (.) () 

<O � (.) 

House Identification 

Figure C.3 Fully Ducted Systems - Apparent Mechanical AC/H Rates by House 

C.3.2 Extended Systems 

On average in the testing phase of the study, the houses with extended HRV 
venti lation systems were considerably larger than houses with other 
ventilation types (see table C.3). The HRV flow rates based on room count, 
therefore, translated into lower overal l  mechanical ventilation rates as a 
percentage of house volume. Therefore, the average AC/H per room would 
be expected to be lower. 

The only house with net AC/H values within 25 per cent of each other in the 
sampled rooms was CE0-1 ,  a relatively open concept bungalow with air 
supplies and returns in each room. 

A relatively wide disparity of net AC/H was found at other houses. 
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Graphically, the results for all homes with extended systems are as follows: 
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Figure C:4 Extended Systems - Apparent Mechanical AC/H Rates by Room 
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Figure C.5 Extended Systems - Apparent Mechanical AC/H Rates by House 
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The following comments relate to the testing undertaken at the individual 
houses. 

CE0-1 
The apparent mechanical AC/H rates throughout CEO- I were found to be 
more uniform than at any other house. This house was a relatively small, 
open concept bungalow with a central open stairwell and return air grilles in 
both bedrooms. 

CE2-3 
This bungalow had relatively small bedrooms with comparatively high air 
flow rates leading to higher apparent mechanical AC/H rates in these rooms. 
All bedrooms also had return air grilles. The basement had a high ceiling 
throughout (3 m floor to ceiling). All supply grilles were at this level. A 
single basement return was located near the furnace. This return was not 
close to the sampling location. These may be contributing factors to the low 
apparent mechanical AC/H rate in the basement. 

CE2-5 
The apparent mechanical AC/H rate was found to be low in the "other" 
bedroom of this two storey home. The supply air flow rates in this bedroom 
and the master bedroom were found to be similar. In the master bedroom, the 
probe in the middle of the room was in a relatively direct line between the 
supply grille and the doorway and adjacent furnace return. In the other 
bedroom, the supply grille return air and door were all along the same wall. 
This may indicate that short-circuiting is occurring in the "other" bedroom. 

This house also had a family room over a garage at the side of the house. The 
homeowner felt this room lacked air distribution and circulation and had, 
therefore, installed ceiling fans. The measured supply and return air flow 
rates in this room were found to be relatively low in comparison to other 
rooms in the house. The apparent mechanical AC/H rate in this room was 
found to be low enough to be within the margin of error for the test 
equipment. Therefore. the homeowner's perception of the distribution to this 
room was correct. 

The basement supply air tlow rates were found to be low comparative to flow 
rates for other floors in the house. No furnace return air grilles had been 
installed in the basement. However, the apparent mechanical AC/H rate in the 
basement was found to be marginally higher than the apparent mechanical 
AC/H rates found elsewhere. A contributing factor was likely the indirect 
connection of the HRV supply duct to the furnace return. 

CE2-7 
This home had an exceptionally large volume. The ratio of the F326 MVC 
flow rate to the volume was very low. This was one cause of the very low 
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apparent mechanical AC/H rates in the house. In Section 8. 7 the expected · 

apparent mechanical AC/H rates for houses based on tracer gas 
measurements were compared with the HR V flow rate measurements. 

The measured supply air flow rates from all seven basement grilles were 
negligible, since the homeowner had closed all supply dampers in the 
basement and the HRV supply was hard connected to the furnace return. This 
appeared to be the reason for the basement's apparent mechanical AC/H rate 
being so low that it was within the margin of error of the test equipment. 

CE2-8 
This two-storey home had returns in all bedrooms. The net AC/H values fell 
in the optimal range for each room reflecting the fact that the furnace air flow 
measurements were reasonable for the size of the given room. 

CE2-9 
The apparent mechanical AC/H rate in the basement was very high compared 
to values elsewhere in this house. The HRV supply was directed at an 
opening in the furnace return located 1 50 mm from the end of the HR V duct. 
The angle of incidence between the HR V supply duct and the furnace return 
was 45 degrees. The cause of the high apparent mechanical AC/H rate in the 
basement appeared to be the failure of most of the fresh air from the HR V to 
enter the furnace return. 

This house was a large three·-storey home with a basement. On the day of 
testing, the temperatures in each storey were 2°C warmer than on the floor 
below. The homeowner had noted insufficient air flow to and from the third 
floor. The air flows from the 6 supply registers and two return registers on the 
third-storey were too low to measure. 

In all homes with circulation fans, it was possible to distribute the tracer gas 
evenly throughout the house using these fans in a period of less than half an 
hour. The only notable exception was the third floor of this house (comprised 
solely of one large room). After running the circulation fan for more than two 
hours, the concentration of tracer gas on the third floor was still lower than 
anywhere else in the house and was continuing to rise. Therefore, the 
apparent mechanical AC/H rate was lower on this floor than on any other 
included in the study when the mechanical ventilation system was fully 
operational at the F326 required MVC. 

CE2-10  
The furnace air flow rate was found reasonably proportional to room size in  
this single storey home. This was reflected by the similar net AC/H values in  
each sampled room. All bedrooms had return air registers. 
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CE8-l 
This open concept home had very similar apparent mechanical AC/H rates on 
the first and second storey. The apparent mechanical AC/H was higher in the 
basement. Again, the HRV supply was not directly connected to the furnace 
return. A second factor may have been the high return air flow rate through a 
register at the base of the return plenum next to the furnace in the basement. 

Figure C.6 Simplified Systems - Mechanical Ventilation Rates by Room 
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Figure C.7 Simplified Systems - Mechanical Ventilation Rates by House 

CS0-1 
The apparent mechanical AC/H rates were similar throughout this relatively 
open plan bungalow with return air grilles in each bedroom. 

CS2- 1 

o Living 

• Kitchen 

O M. Bed 

"' Other Bed 

In this home, the furnace air supply to the second floor was roughly 60 per 
cent of that supplied to the first floor. Although there were two returns on the 
second floor - one in the master bedroom and one in the hallway ..,..,. .the return 
air flow rates were low. The total return air flow rate from the second floor 
was approximately 1 5  per cent of the flow rate from the .only first floor return 
air register. 

These appeared to be factors in the relatively low apparent mechanical AC/H 
rate found in the master bedroom in comparison to the apparent mechanical 
AC/H rate found in the living area. 

CS2-3 
The first and second floor supply and return air flow rates were relatively 
similar in CS2-3 . The high supply rate to room volume ratio was the probable 
reason for the relatively high bedroom apparent mechanical AC/H rates. 

On a floor-by-floor basis, the basement had the lowest supply and exhaust 
flow rates. Relatively low apparent mechanical AC/H rates in the basement 
correlated to these measured air flows. 
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CS2-5 
The tracer gas concentration in the basement was slightly higher than 
elsewhere at the start of testing. This probably caused the calculated apparent 
mechanical AC/H rate in the basement to be particularly high. 

The air supply rate to the second bedroom was low in comparison to other 
rooms in the house. The two upstairs return grilles were also far from this 
room. The low apparent mechanical AC/H rate in the second bedroom 
reflects this. 

CS2-7, CC2-3, CC2-5 
All three of these moderately sized, two-storey homes had relatively similar 
apparent mechanical AC/H rates for all rooms sampled. All three homes had 
supply and return air flow rates on the second floor that were similar to those 
on the first floor. 

C.4 Short-Circuiting 

Short circuiting involves the flow of air from the supply register to the return 
air register without being distributed throughout the rooms. To determine the 
extent of the short circuiting in a room, the apparent mechanical AC/H rate in 
the center of the room was compared with the apparent mechanical AC/H 
rate at the return air grille. 
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Figur" C.8 Net AC/H for Rooms and Returns in Rooms for Houses 
With Extended Systems 
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These results are typical of all simplified systems too. In general, the 
apparent mechanical AC/H rates were very similar at the center of rooms and 
at the room return air grilles. Short circuiting did not appear to be a 
significant problem. 

The above graph illustrates the apparent mechanical AC/H rate and not the 
apparent total AC/H rate; as a result, the differences appear to be greater. It 
should also be noted that error becomes a large factor when comparing 
relatively similar results at room center and room return air grilles. 

The room, where short-circuiting most likely appeared to be occurring, was 
the other bedroom in house CE2-5. The return air apparent mechanical AC/H 
rate was greater than the room apparent mechanical AC/H rate. In terms of 
apparent total AC/H rates, the center of the room was 0. 1 5, while the return 
air grille was 0.24. 

The only other rooms where the apparent mechanical AC/H rate at the return 
was calculated to be appreciably greater than the apparent mechanical AC/H 
rate in the center of the room were the master bedroom at house CE2-5 and 
both bedrooms at house CE2-7. In these three rooms, the return air grille was 
next to an open doorway to a hallway. Air flowing into each return air grille 
could have been coming from the hallway as well. Dependent upon the rates 
at which air from the hallway entered these returns, and the difference in the 
apparent AC/H rates between bedrooms and hallways, the extent of short
circuiting may be more or less than that shown for these rooms in Figure C.8 .  

Therefore, the higher apparent mechanical AC/H rates at these grilles did not 
necessarily indicate short-circuiting. It is also possible that the tracer gas 
concentration decreased at a slower rate in the hallway than in the bedroom 
and that, as a result, more short-circuiting was occurring than would be 
indicated by these values. 

It is interesting to note that, at house CE2-5, the airflow rates to the master 
bedroom and the other bedroom were similar, but the apparent mechanical 
AC/H rate in the master bedroom was 0.07 AC/H and the net AC.H in the 
other bedroom was negligible. The supply register in this room was on the 
same wall as the open door and the return air for the room. Thus, the direct 
air path to the exhausts was not via the center of the room. 

C.5 Effects of Closing Doors and Shutting Down Circulation Fan 

Testing was carried out to determine the effect of closing doors on the 
ventilation performance within each house when the ventilation and 
distribution systems were both fully operational. 
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The net AC/H values were also determined in locations within each house 
with an extended or simplified system when the HRV was operating and the 
circulation fan was shut down. This testing was carried out with the doors 
open throughout the house. 

For discussion purposes, a few sample house results are evaluated based on 
comparison charts of the above two testing configurations and the benchmark 
testing carried out with HR V and circulation systems fully operational with 
the doors open. 

The effect of shutting doors varied from house to house. The following 
sections discuss some of the most plausible causes for the calculated results: 

The effect of turning off the circulation system for extended and simplified 
systems was consistent from house to house and led to more conclusive 
results. 

For a review of air flows to rooms and house layouts, refer to Appendix D. 
Note that a single air flow reading was taken in each room. Measuring air 
flows again with doors closed and measuring pressure differentials between 
rooms was beyond the scope of this study. 

C.5.1 Fully Ducted Systems 

As there is no separate forced-air system circulation equipment in fully 
ducted houses, the following comparisons are of systems with doors shut and 
with doors open. 
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Figure C.9 Effect of Door Closing at CF0-1 

Closing doors to the basement, bedrooms, and bathrooms had minimal effect 
on the apparent mechanical AC/H rates at this single storey home. 

The doors were undercut by approximately one centimeter. Floor finishes, 
such as carpeting, were not yet installed and, thus, did not impede air flow 
through door undercuts. 

Appendix C: Ventilation Effectiveness Testing C- 15 

� c 



House CF2-2 

0.70 - 0 

0.60 

0.50 

! 0.40 
l 

. � c. Ill 0 
� D 
� 0.30 Ill 

c 

c • 
"' 

.J: (.) 
.!:: 0.20 < 

0. 1 0  1 0 

0.00 

Basement Living Kitchen M.Bed Other Bed 

Note: Test 
B 
c 

Room 

HRV 
MVC 
MVC 

Doors 
Open 

Closed 

Figure C.10 Effect of Door Closing at CF2·2 

At CF2-2, it is hypothesized that the apparent mechanical AC/H rate in the 
master bedroom increased with the door shut for the following reasons: 

• The room had a relatively high ratio of ventilation air supply flow 
rate to room volume. 

• The HRV supply for the muster bedroom was in an alcove 
pointing directly at the doorway to the hall. Closing the bedroom 
door would have changed the circulation within the room and 
presumably led to more fresh air being delivered to the sampling 
location in the center of the room. 

By closing the bedroom doors, an additional barrier was created between the 
kitchen and three of the four HRV supply outlets at this house. The remaining 
HR V supply outlet was in the living room in the furthest comer from the 
kitchen. These are the probable causes of the apparent mechanical AC/H rate 
being reduced in the kitchen. 
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Figure C.1 1  Effect of-Door Closing at CF2-5.. 

The effect of closing the doors at this house was more interesting than it was 
at any other fully ducted house. As a reference for the following discussion, 
use the house plans for CF2-5 in Appendix D. 

The HR V supply to the now finished basement was in the mechanical room. 
By closing the door to this room, it is possible that it became pressurized and 
more air filtered into the living room above it. The low apparent mechanical 
AC/H rate in the kitchen likely reflects a reduced apparent mechanical AC/H 
rate in the basement, one of the two areas with the largest opening into the 
kitchen. 

For a discussion as to the probable reason for the apparent mechanical AC/H 
rate rising in the other bedroom, please see the results discussion for house 
CF2-2. 
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C.5.2 Extended Systems 
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Figure C.1 2  Effect of Door Closing and Ceasing Circulation Fan 
Operation at House CE2-5 

Open 
Closed 
Ooen 

Circulation fan flow rates on the second storey of this house were similar to 
those on the first storey. All bedrooms had return air grilles. Closing doors, 
therefore, had little effect on the air flow rates in each room. The increased 
apparent mechanical AC/H rates in the bedrooms with the door closed were 
probably caused by the improved mixing within rooms prior to the air being 
exhausted from the room. In other words, short-circuiting was apparently 
reduced: � 

With the circulation fan shut off, net AC/H increased dramatically in the 
basement and became negligible elsewhere in the house. A 300 mm gap 
existed between the HRV supply duct and the furnace return in this house. 
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Figure C.1 3  Effect of Door Closing and Ceasing Circulation Fan 
Operation at House CS0-1 

• 

Relatively little difference was observed in the net AC/H with doors open and 
doors closed in this compact single-storey home. Each bedroom had strong 
circulation system supply and return air flows. 

The HRV supply was hard connected to the furnace return. Without the 
circulation system operating, the net AC/H became negligible in locations far 
from this connection point; namely, the living room and the "other" bedroom. 
The master bedroom was close to this connection point. Tracer gas readings 
indicated that fresh air was coming out of the return air gri11e in the master 
bedroom. 
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Figure C.14 Effect of Door Closing and Ceasing Circulation Fan 
Operation at House CC2-5 

In this house, all rooms had lower apparent mechanical AC/H rates with the 
doors shut. The reason for the across-the-board lowering was not clear. The 
flow through the I-IRV should have remained very close to constant. If the 
apparent mechanical AC/H rates in the bedrooms were reduced due to 
increased pressure within the room and the reduced air flow to the room, then 
air flow would be expected to increase to the open plan basement and living 
area. 

The I-IRV supply in this compact, two-storey home was hard connected to the 
furnace return. A reLW'H was located in the master bedroom, but not in the 
oth�r bedroom where tracer gas concentrations were measured. With the 
circulation fan turned off, the apparent mechanical AC/H rate increased in the 
basement where the HRV supply duct hard connection to the furnace was 
located. The apparent mechanical AC/H rate decreased in the living room 
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where the return register was close to this connection. The apparent 
mechanical AC/H rate was also reduced in the second-storey master 
bedroom (another room with a return air register), while it was found to be 
negligible in the upper floor bedroom where there was no circulation system 
air register. 

C.6 Cross-Contamination 

In order to determine the extent of cross-contamination from the outside 
HR V exhaust port to the supply port and through the HR V, single tracer gas 
measurements were taken at nine houses from the following locations: 

• the warm side supply and exhaust ducts within 600 mm of the 
HRV, 

• the cold side supply and exhaust ducts near the HR V where 
possible or at inside the outside ports 
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Figure C.1 5  tracer Gas Measurement Locations 
for Cross Contamination Calculations 

The following four terms were used to define various ways fresh outdoor air 
was contaminated with air from within the house. The formulas used to 
calculate each value refer to the letters on the above drawing. 

Total Contamination (TC): The extent to which the outdoor air supplied by 
the HR V was contaminated by indoor air 

The formula for calculating this value was: TC = SW /EW 

Outside Contamination (OC): The extent to which fresh outdoor air at the 
supply port was contaminated by air exhausted from the HRV. 

The formula for calculating this value was OC = SC/EC 

HR V Supply Side Cross Contamination (SSCC): The extent to which the 
outdoor air stream was contaminated through the HRV. 

The formula for calculating this value was: 
SSCC = (SW-SC)/(EW-SC) 
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HR V Exhaust Side Cross Contamination (ESCC): The extent to which the 
exhaust air stream took in supply side air. This item was of most interest in 
comparison to the HRV Supply Side Cross Contamination. 

The formula for calculating this value was: 
ESCC = (EW·EC)/(EW-SC) 

Table C.3 lists the results of the cross-contamination tabulations. 

Table C.3 Cross Contamination Outside and Across HRV . . 

House ID Total Outside HRV Supply Side HRV Exhaust Side 
Contamination Contamination Cross Cross 

Contamination Contamination 
CF2-2 1 5% 1 %  1 5% 6% 

CF2-5 2 1 % 9% 1 4% 1 0% 

CE2-3 1 3% 0% 1 3% 0% 

CE2-3 1 7% 0% 1 7% 5% 
C E2-5 27% 1 7% 1 4% 1 6% 

C E2-8 8% 3% 5% -2% 

C E2-9 1 6% 1 %  1 5% -3% 

CS2-3 49% 8% 45% 0% 

CS2-7 22% 1 1 % 1 5% 20% 

CC2-5 24% 3% 2 1 %  - 1 5% 

Average 22% 5% 1 8% 4% 

Note: Measurements were take twice at house CE2-3. 

The average total cross-contamination of 22 per cent indicates that the HR Vs 
would have to move a similar percentage more air through the system above 
the CAN/CSA-F326 required rate to achieve the rate of fresh air delivery set 
out by the standard. In fully ducted and extended installations, this cross
contamination will lead to the recirculation of air from high pollutant exhaust 
locations; namely, bathrooms, kitchens, and laundry rooms. 

In many HRVs, the supply air steam chamber in the HRV was pressurized by 
the supply fan, while the exhaust air stream chamber in the HR V was 
depressurized by the exhaust fan. In these cases, the fresh air stream would be 
expected to only contaminate the exhaust air stream. The supply side flow 
rate would be marginally reduced across the core chamber, while the exhaust 
side flow rate would be marginally increased. 

As stated in the sections on errors, Section 8 .8, the tracer gas test equipment 
was accurate to within plus or minus six per cent at all concentrations. The 
percentage difference in concentration readings was much greater on the 
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supply side than on the exhaust side. Hence, supply side across HRV 
concentration differences and, therefore, cross contamination results should 
both be more accurate than those for the exhaust side. 

The error involved in this testing was highlighted by the calculated results 
from two successive series of tests at house CE2-3 . The variation in the total 
contamination percentage from one test series to the next was 4 per cent. 
Outside HRV exhaust side cross-contamination went from 0 to 5 per cent. It 
is conjectured that one reason that successive tests did not provide the same 
results was that outside air movement varied with time and that samples 
could not be taken at exactly the same time. 
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HOUSE ID 
NUM3ER 

CF0-1 
CF2-2 
CF2-4 
CF2-5 
CF2-6 

Average 
CE0-1 

CE2-3 
CE2-5 
CE2-7 
CE2-8 
CE2-9 
CE2- 1 0  
CE8-1 
Average 

CS0-1 

CS2·1 
CS2-3 

CS2-5 

CS2-7 

CC2-3 
CC2-5 

Averaoe 

Notes 

PH 1 PH2 r"-.JMBER OF 

STOREYS 

. • 1 
• • 1 

• 2 
• 1 
• 1 ' 

. • 1 
• • 1 
• • 2 
. • 1 . 5 

• 1 
• 2 . 5  
• 1 

. . 2 . . " 
� 

• • 1 
• • 2 
. • 2 
• • 2 

. 2 
• • 2 
• • 2 

� 

PHASE 3 - VENTILATION SYSTEM EFFECTIVENESS TESTING 
SUMMARY CHART FOR HOUSES INCLUDED 

APPROX .3 AC H F326 REQ'D rv1EASURED .3 ACH 
VOL FLOW RATE FLOW RATE FLOW RATE SCAl.E 

DURING TESTING 
( m 3) ( L/ s l  ( L/ s )  ( L / s l  FACTOR 

6 7 9  5 7  5 5  5 2  1 . 0 9  
4 3 8  3 7  5 5  3 4  1 . 0 6  
3 9 4  3 3  6 0  5 5  0 . 5 9 
6 2 1  5 2  6 0  5 2  0 . 9 9  
4 2 5  3 5  5 0  4 5  0 . 7 9 

0 . 9 0  
6 7 9  5 7  5 5  5 2  1 . 0 9  

1 0 6 0  8 8  7 0  6 4  1 . 3 9  
9 2 4  7 7  7 0  6 6  1 . 1 7  

1 6 3 5  1 3 6  1 1  0 6 6  2 . 0 6  
1 0 2 2  8 5  6 5  6 4  1 . 3 4  
1 3 2 0  1 1  0 7 5  5 3  2 . 0 8 
8 7 1  7 3  7 5  7 1  1 . 0 3  

1 0 2 7  8 6  6 5  6 1  1 . 4 0  
1 . 4 4  

6 7 9  5 7  5 5  5 2  1 . 0 9  
5 5 0  4 6  6 5  4 9  0 . 9 3  
4 9 1  4 1  6 0  5 3  0 . 77 
9 1 4 7 6  7 5  5 1  1 . 4 8  
4 0 4  3 4  5 5  5 4  0 . 6 3 

5 6 7  4 7  6 5  6 1  0 . 77 
5 1 5 4 3  6 0  6 4  0 . 6 7  , .  

0 . 9 1  

l-0.JSE 
NOTES 

Protocol house - furnace ductwork not in  use 
H RV on low speed during testing 
Poor distribution prior to testing 
Supply air flows at grilles matched F326 

Protocol house 

Good air flows throughout 
Low air flows in family room, indirect connection 

Good air flows throughout 
lndetectable flows on third storey, indirect connection 

Open con<?ept home 

Protocol house 

Low supply air flows on second storey, very week returns 

1 Measured Flow Rate During Testing - All HRVs balanced within 1 0% during testing, larger of two values given 
2 .3 ACH Scale Factor - F326 based on room count, results comparison must consider fresh air supply rate to volume ratio 

3 Indirect Connection - HRV supply not hard ducted to furnace return 
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Appendix D 

House Plans and Air Flow Measurements for 
Phase III and IV Houses 
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Appendix D contains the h0t1se-plans for the 20 homes included in the__ 
ventilation effectiveness testing. The locations of the HRV system supply and 
exhaust grilles and the furnace fan circulation system supply and return 
grilles are shown on each plan. 

A summary table documenting the measured air flows at the identified grilles 
in each house is also included. The balanced flow rate measured at the HRV 
with a flow measuring station or flow grid is also included. 

At four houses, CE0- 1 ,  CE2-5, CE2-8, and CS0-1 ,  graphs are also included 
comparing the predicted air change rates based upon circulation system air 
flow rates with those found using tracer gas. 

D.2 Air Flow Measurement Techniques 

The CHMC duct test rig was intended to be used for all flow measurements. 
At the first house tested, an attempt was made to use the duct test rig to 
measure HR V flow rates. The total of the flow rates measured at the grilles 
on the supply and exhaust side of the HR V was roughly one third of the flow 
rates found using the flow measuring stations. The results obtained from 
estimating the time it took to inflate or deflate a bag of known volume led to 
total air flow rates confirming the values provided by the flow measuring 
stations. 

From that point on, the air flo\vs through the HR V supply and exhaust grilles 
were measured using the above-described 'bag method' .  

The furnace system supply and exhaust air flow rates at each grille were 
typically far larger than those for HR V grilles. Thus, the duct test rig gave 
more reasonable flow rate measurements for forced-air system grilles. 

The air flow measurements at the furnace system grilles was used for 
determining how much ventilation air was being delivered to each room. As 
the total amount of ventilation air was known due to measurement of the 
HR V supply rate at the flow measuring station, the percentage of furnace 
system supply air to each room rather than the total amount of supply air to 
each room was required. No attempt was made to account for duct leakage. 

Although the air flows measured with the duct test rig were consistently far 
lower than those with the bag method, the percentage air flows were similar. 
(See the flow rate summary for house CE2-8 where the air flows at all grilles, 
other than those in the basement, were measured using both techniques.) 
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D.3 Comparison of Air Flow Measurement and Tracer gas Results 

The following discussion relates to each of the houses where a chart was 
produced to compare the apparent mechanical AC/H rates based on various 
flow measuring techniques and different methods of calculating them based 
upon tracer gas measurements. 

It should also be noted that the first house, CE2-8 is one of the 1 1  houses 
where the measured natural air change rates were similar (within 0.08 AC/H) 
throughout the house. (Table C. 1 on page C-2 contains a listing of the natural 
air infiltration rates for the houses). Since the tracer gas mechanical air 
change rate calculations use the average natural air change rate, this may help 
explain why the results were closer for the various methods at CE2-8. The 
subsequent three houses were all houses where the natural air change rates 
varied more significantly. 

CE2-8 
Furnace System Flow Rate Comparisons 
CE2-8 was the only house where it was possible to get three detenninations 
of the total air flow at the supply grilles and return air registers. These 
included: with the duct test rig, the bag method and the furnace fan's 
electronically commutated (ECM) motor setting. The results were: 

Method Duct Test Rig 
Supply Rate (Lis) 1 34 
Return Rate (Lis) 1 59 

Bag Method 
233 
257 

ECM Motor 
329 
329 

The flow rate based on the ECM motor setting was, by definition, different 
from the rate calculated using the other two methods because it was measured 
across the furnace box instead of at the grilles. Therefore, the flow rate based 
on the ECM motor setting included the losses in the ductwork� and these 
measurements were expected to provide a higher total flow rate. 

At most houses, the sum of the total measured flow rates on the supply side 
grilles greatly exceeded the sum of the total measured return air side grilles. 
Total measured air flow rates at this house were a rare exception. 

The air flow to each room as a percentage of the total is relatively similar for 
the duct test rig flow measurements and the bag method flow measurements. 

HRV System Flow Rate Comparisons 
The total HRV exhaust flow, as calculated with the bag method was 6 1  Lis 
whereas the total flow measured with the flow measuring station was 63 Lis. 
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These results are much closer than they were at most other houses. However, 
total measured flow rates with the bag method and flow measuring stations 
were usually within 30 per cent of each other. 
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Comparison of Net Mechanical AC/H in CE2-8 

The predicted air change rate based on air flow measurements was based 
solely on the ventilation air supply rate to the room and the room volume. 

l!l DTR 

o Bag 

• Tracer Gas 

Numerous other methods could have been used. A system could have been 
developed to factor in return air flow rates and rates in adjacent rooms where 
a room was a relatively open concept. These approaches would have involved 
judgement for each room. Such methods would be open to criticism that the 
results were skewed by judgement to be more similar to those found using 
tracer gas measurements. They were also beyond the scope of this study. 

The graph shows that the predicted air change rates, based upon the duct test 
rig flow rates and the bag method, were very similar in most rooms. 

There was also a fairly good correlation between the air change rates based 
on the air flow measurements and those based upon the tracer gas 
measurements. The only room where the largest predicted air change rate was 
double the lowest was the living room. This room was different from the 
others. It was an open plan design and would, thus, be affected by air flow 
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through registers in adjacent rooms in the open zone. As discussed above, 
these considerations were not accounted for in predicting air change rates. 
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Comparison of Net Mechanical AC/H in CE2-5 

This graph compares the following three methods of assessing apparent 
mechanical air change rates: 

• based on supply air flow measurements with the duct test rig 
• based upon total minus natural air change rates in each room 

calculated upon tracer gas test measurements 

I 

• based upon total air change rates in each room minus house 
average natural air change rates, again both calculated upon tracer 
gas test measurements 

All three methods produce widely divergent results. Tracer gas based 
apparent mechanical AC/H figures appear to be more similar to those based 
on the duct test rig when they use individual room natural AC/H rates. 

It should be noted that the variation in natural AC/H from room to room was 
second largest at this house. 
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Comparison of Net Mechanical AC/H In CE0-1 

This graph compares the same three methods of predicting or measuring and 
calculating air change rates. In this case, the calculated mechanical 
ventilation rates using the average natural ventilation rate rather than 
individual room rates is much closer to that predicted based upon air flow 
measurements. 
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Comparison of Net Mechanical AC/H in  CS0-1 

This graph compares the same three methods of predicting or measuring and 
calculating air change rates. In this case, the calculated mechanical 
ventilation rates using the average natural ventilation rate rather and those 
found using individual room rates were both off by similar amounts from 
those predicted based upon air flow measurements. 
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D.4 Adherence to CAN/CSA-F326-M91 Distribution Requirements 

Very few deficiencies were noted with respect to the individual room 
ventilation requirements of the standard CAN/CSA-F326-M9 1 ,  Residential 
Mechanical Ventilation Systems. The following table summarizes the 
locations in which measured air flow rates did not conform to the standard. 

HOUSE 

Table D.1 :  Adherence to CAN/CSA-F326-M91 
Room-by-Room Distribution Requirements 

ROOMS N OT MEETING REQUIRED 
I D E NTIFICATION CAN/CSA-F326-M91 FLOW 

(Us) 
CF0-1 Kitchen 30 

CF2-2 Basement 1 0  
Master Bed 1 0  
Kitchen 30 

CF2-4 Kitchen 30 

C F2-5 Kitchen 30 

CF2-6 Master Bed 1 0  
Kitchen 30 

CE0-1 None 
C E2-3 None 
CE2-5 Basement 1 4  
CE2-7 None 
CE2-8 None 
CE2-9 Third Floor Room 5 
CE2- 1 0 None 
CEB-1 None 
CS0-1 None 
CS2-1 None 
CS2-3 None 
CS2-5 None 
CS2-7 None 
CC2-3 None 
CC2-5 None 

Notes: 

MEASURED 
FLOW 
(Us) 
22 

6 
8 
9 

24 

2 1  

8 
24 

1 2  

0 

1 .  All furnace fans operated on lowest speed available at time of inspection. This included house 
CE2-8 where the furnace fan was operating on the lowest speed available from an ACM motor. 

2. Most rooms in most houses met the CAN/CSA-F326-M91 air flow requirements on the supply rate 
option. Rooms in houses with extended and simplified systems met the requirements of CAN/CSA
F326-M91 based upon a combination of fresh air and the amount of recirculation air delivered 
directly to the given room. 

3. Fresh air flow rates to rooms did not consider air lost through duct leakage. 
4. In houses with extended and simplified systems where rooms did not meet the CAN/CSA-F326-M91 

required rates in the above chart, air flow rates may well have actually been large enough that they 
did. The CMHC duct test rig used to measure furnace system flow rates provided readings that were 
significantly lower than actual rates in this range. 

5. No attempt was made to consider any reduction in the fresh air supplied to the forced air system by 
extended HRV systems with indirect supplies to the forced air systems. 

6. Kitchen and bathroom fan air flows were not measured because they were not in operation during 
any testing. 
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CAN/CSA-F326-M9 1 requires that fully ducted systems provide 10  Lis to 
basements and master bedrooms, and 5 Lis to all other rooms. Continuous 
exhaust air flow rates must be a minimum of 10  Lis in bathrooms and 30L/s 
in kitchens. The only location where air flow rates were noted to be 
significantly deficient with respect to-these 1equi1ementswas the-kitchen- - .. 
exhaust. 

With respect to CAN/CSA-F326-M91 ,  the simplified and extended HRV 
distribution systems required less fresh air to be delivered directly to each 
room due to the rate of recirculation air that was also provided. The minimum 
total supply air flow rates to each room were based upon the fraction of fresh 
air provided. In general, the simplified and extended systems provided the 
ventilation air flow rates required by CAN/CSA-F326-M9 1 to rooms 
throughout the house. 

For extended HRV systems where the supply was indirectly connected to the 
furnace return, calculations to determine whether room air flow rates met 
CAN/CSA-F326-M9 1 did not consider fresh air losses at this connection. 
Tracer gas test results indicated that fresh air losses at indirect connections 
may be substantial. 

D.5 House Plans and Air Flow Measurements 

The following pages present the house plan on the left page and the air flow 
measurements for that house on the right-hand page. In some cases, the house 
plans required two pages and, in those instances, the air flow measurements 
are presented on the following pages. 
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House ID Number: 
House Volume: 

Register Code 

SA Furnace Supply Air 
RA Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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Master Bathroom OF Office 
Basement ST Storage 
Kitchen HL Hallway 

-s;i-

'Ot:2. \'.:..\ 

t\ .\-{'$ 

�e:. MB 
\;'\� 

-flE-4 



House ID:  CF0-1 

Notes 
1 HRV balanced at 52 Vs for all tests when HRV was running 

F326 requires 47 1/s - used 52 Vs to ensure flows were high enough at various intakes and outlets 
2 HRV exhausts were taped in the laundry and future basement bathroom for all testing 
3 Basement supply air flows assumed based on total air flow 

• Air flow rates measured with duct test rig to be less than 2 Vs 

HRV Supply 

Loe. ID Location I Air Flow Air Flow Air Flow Percent Fresh Air I Air Flow 
Bag Method Bag Method Bag Method Supply Duct Test Rig 

Trial #1 Trial #2 Average 
(Ifs) (Ifs) (Ifs) (l/s) I (Ifs) 

HS1 M.  Bedrm 1 1 .4 1 4.2 1 2.8 25% 1 2.8 
HS2 Den 6.6 3.3 5.0 1 0% 5.0 
HS3 Living Rm 1 8.9 1 4.2 1 6.6 32% 1 6.5 I 7 
HS4 Basement 1 5. 1  20.3 1 7.7 34% 1 7.7 
Total 52.0 52.0 52.0 1 00% 52.0 

HRV Exhaust 

Loe. ID Location I Air Flow Air Flow Air Flow I Air Flow 
Bag Method Bag Method Bag Method Duct Test Rig 

Trial #1  Trial #2 Average 
(l/s) (l/s) (l/s) 

HE1 Kitchen 22.2 31 .2 26.7 I 1 0  
HE2 Bathroom 1 9.4 1 3.2 1 6.3 
HE3 Ensuite 1 2.8 1 3.2 1 3.0 ' 4 

Total 54.4 57.7 56.1 

HRV Balance During Testing (1/s) 52 



House ID Number: 
Hous e  Volume: 

Register Code 

SA Furnace Supply Air 
RA Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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House ID: CF2-2 

HRV Supply 
Loe. ID Location I Air Flow 

Bag Method 
(Vs) 

LS2 Living Room 14.0 44% 14.9 
MS1 Master Bed B.O 25% 8.5 

BS3 2nd Bed 4.0 1 3% 4.3 
BS4 Basement 6.Q 1 9% 6.4 
Total 32.0 100% 34.0 

HRV Exhaust 
Loe. ID Location Air Flow 

Bag Method 
(Vs) 

BE1 Main Bath 1 4.0 
BE2 Master Bath 1 1 .0 
KE3 Kitchen 9.0 
Total 34.0 

HRV Balance During Testing (Vs) 34 



House ID Number: 
House Volume: 

Register Code 

SA Furnace Supply Air 
RA Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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House ID: CF2-4 

HRV Supply 

Loe. ID Location I Air Flow Percent Fresh Air Expected ACH 

51 Living Room 
52 Dining Room 
53 M. Bed 

54 3rd Bed 

SS 2nd Bed 

Total 

HRV Exhaust 
Loe. ID Location 

E1 Basement 
E2 Main Bath 
E3 Kitchen 
E4 Upst. Bath 

Total 

Bag Method Supply (no acct 
(Vs) (Vs) for losses) 

7.0 1 3% 7.0 0.70 
9.0 1 6% 9.0 1 .44 

1 1 .0 20% 1 1.0 0.69 

14.0 25% 14.0 2.48 

14.0 25% 1 4.0 2.30 

55.0 1 00% 55.0 0.51 

Air Flow 
Bag Method 

(Vs) 

20.0 

1 6.0 

24.0 

1 6.0 

76.0 

HRV Balance During Testing (V! 55 



House ID Number: 
House Volume: 

Register Code 

SA Furnace Supply Air 
RA Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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House ID:  CF2-5 

HRV Supply 

Loe. ID 
Location Air Flow Percent Fresh Air 

Bag Method Supply 
(Vs) (Vs) 

BS1 Master Bed 9.4 29% 1 5.2 
BS2 2nd Bed 5.4 1 7% 8.7 
DS3 Dining Room 5.4 1 7% 8.7 
BS4 Basement 7.5 23% 1 2.1  
LS5 Living Room 4.5 1 4% 7.3 
Total 32.2 1 00% 52.0 

HRV Exhaust 
Loe. I D  

Location Air Flow 
Bag Method 

(Vs) 
BE1 Main Bath 35.3 
KE2 Kitchen 21 .0 
BE3 Entrance Bath 1 8.8 

Total 75.1 

HRV Balance During Testing (Vs) 52 
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H ouse ID: CF2-6 

HRV Supply 

Loe. ID Location I Air Flow Percent Fresh Air 
Bag Method Supply 

(Vs) (Vs) 

M51 M. Bed 6.6 1 8% 7.9 
852 2nd Bed 5.0 1 3% 6.0 
BS3 3rd Bed 5.0 1 3% 6.0 
LS4 Living Room 5.0 1 3% 6.0 
BS5 Basement 8.3 22% 1 0.0 
ES6 Eating Area 7.5 20% 9.0 
Total 37.4 1 00% 45.0 

HRV Exhaust 

Loe. I D  Location Air Flow 
Bag Method 

(Vs) 

BE1 Bathroom 25.4 
KE2 Kitchen 2 1 .0 
Total 46.4 

HRV Balance During Testing (l/s) 45 
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House ID: CE0-1 

FURNACE 
Supply Air 
Loe. ID Location I Duct Test Rig Percent Fresh Air 

Air flow Supply 

(Us) (%) (Ifs) 
Total 52.0 

SL1 Living Rm 37.4 9"/o 4.7 
SD2 Dining Rm 32.6 8% 4.1 
SK3 Kitchen 24.6 6% 3.1 
SW4 Bathrm 1 8.5 4% 2.3 
SSS Bedrm 2 36.4 9"/o 4.5 
SH6 Hallway 28.5 7% 3.5 
587 M. Bedrm 2 1 . 8  5% 2.7 
SW8 M. Bath 24.2 6% 3.0 

Walk-in Closet 0% 0.0 
SE9 Entrance 1 8.5 4% 2.3 
SC17 Laundry 25.4 6% 3.2 
SX1 0 Basement 22.2 36% 1 8.7 
SX1 1 Basement 1 9.2 
SX1 2 Basement 24.0 
SX1 3 Basement 24.0 
SX14 Basement 1 9.2 
SX1 5 Basement 22.2 
SX1 6 Basement 1 9.2 
Total 417.9 1 00% 52.0 

Retu rn Air  
Loe. I D  Location I Air Flow 

Duct Test Rig 
(Ifs) 

RL1 Living Rm 58.2 
RB2 Bedrm 2 58.8 
RB3 M. Bedrm 84.8 
RX4 Basement 24.0 
RXS Basement 35.0 
Total 260.8 

HRV Exhaust 
Loe. ID Location I Air Flow 

Bag Method 
{Ifs) 

HE 1 Kitchen 26.7 
HE2 Bathroom 1 6.3 
HE3 Ensuite 1 3.0 
Total 56.1 

HRV Balance D uring Testing (Ifs) 52 



House ID Number: 
Hous e  Volume: 

Register Code 

SA Furnace Supply Air 
RA Furnace Return Air 
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House ID: CE2·3 

FURNACE 
Supply Air 
Loe. ID Location I Air Flow Percent Fresh Air 

Duct Test Rig Supply 
(Vs) (Vs) 

ES1 Eating Area 2 1 .0 6% 3.5 
052 Dining Room 1 3.0 3% 2.2 
LS3 Living Room 26.0 7% 4.4 
MS4 Master Bed 26.0 7% 4.4 
BS5 Ensuite 1 8.0 5% 3.0 
BS6 Main Bath 23.0 6% 3.9 
BS7 3rd Bed 26.0 7% 4.4 
BS8 2nd Bed 26.0 7% 4.4 
FS9 Foyer 1 6.0 4% 2.7 
SS1 0 Sunroom 1 5.0 1 1 % 6.9 
SS1 1 Sunroom 26.0 
LS1 2 Laundry 20.0 5% 3.4 
KS1 3  Kitchen 24.0 6% 4.1 
B 1 4  Basement 1 1 .0 26% 1 6.7 
B 1 5  Basement 1 1 .0 

6 1 6  Basement 1 1 .0 
6 1 7  Basement 1 1 .0 
B 1 8  Basement 1 1 .0 
B 1 9  Basement 1 1 .0 
B20 Basement 1 1 .0 
B21 Basement 1 1 .0 
B22 Basement 1 1 .0 
Total 379.0 1 00% 64.0 

FURNACE 
Return Air  
Loe. ID Location I Air Flow 

Duct Test Rig 
(Vs) 

SR1 Sunroom 46.0 
SR2 Sunroom 46.0 
BR3 2nd Bed 39.0 
BR4 3rd Bed 29.0 
MRS Master Bed 23.0 
LR6 Living Room 43.0 
BR7 Basement 96.0 
Total 322.0 

HRV Exhaust 

Loe. ID Location I Air Flow 

Bag Method 

(Vs) 

LE1 Laundry 1 8.0 

KE2 Kitchen 20.0 

BE3 Main Bath 14.0 

ME4 Master Bath 14.0 

BE4 Base Bath 1 6.0 

Total 82.0 

HRV Balance During Testing (Vs) 64 



House ID Number: C:E2 - c:;
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SA 
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HRV Supply 
HRV Exhaust 

L- ---, 
I 
I 
I 
I 

_ _ _  j 
l==----, 

I 
I 
I 
I - --' 

� \\.,j t=La:?;< 

_fA7 

_$'A\o FR 

MB 

81 

82 

83 

8TH 

MBTH 

BSMNT 

Kl 

"SA i\ 

Room Code 

Master Bedroom FR Family Room 
1 st Bedroom DR Dining Room 
2nd Bedroom LR Living Room 
3rd Bedroom LA Laundry 
Bathroom EN Entrance 
Master Bathroom OF Office 
Basement ST Storage 
Kitchen HL Hallway 

S&-1 "$A(.b 

� 

LR 

K l 

$<'>'.!> 
9-"] 

"'13 .... , 

$Al4 

1!:>2 

�"!-
)-<\� .\l L-

� 9'\7 $°"I C-



House ID: CE2-5 

FURNACE 
Supply Air 
Loe. I D  Location I Duct Test Rig Percent Fresh Air 

Air Flow Supply 

(Vs) (%) (Vs) 

BS1 Basement 3.0 7% 4.7 
BS2 Basement 3.0 
8$3 Basement 3.0 
BS4 Basement 3.0 
LS1 Laundry 3.0 2% 1 .2 
ES2 Garage Ent. 12.0 7% 4.7 
BS3 Entry Bath 1 0.0 6% 3.9 
ES4 Eating Area 1 0.0 6% 3.9 
FS5 Rear Foyer 1 0.0 6% 3.9 
LS6 Living Room 14.0 1 3% 8.5 
LS7 Living Room 8.0 
LS8 Front Foyer 1 0.0 6% 3.9 
KS9 Kitchen 10.0 6% 3.9 
FS1 0  Family Room 9.0 1 0% 6.6 
FS1 1 Family Room 8.0 
BS1 2 Master Bath 8.0 5% 3.1 
CS1 3  Master Closet 6.0 4% 2.3 
BS1 4 Main Bath 4.0 2% 1 .6 
BS15 2nd Bed 8.0 5% 3.1 
BS1 6 1 st Bed 1 0.0 6% 3.9 
HS17 Hallway 9.0 5% 3.5 
BS18 Master Bed 9.0 5% 3.5 
Total 170.0 1 00% 66.0 

Return Air  

Loe. I D  Location I Air Flow 

Duct Test Rig 

(Ifs) 

LR1 Living Room 50 

ER2 Entrance 4 

HR3 HaJl(near bath) 35 

BR4 Master Bed 23 

BRS 2nd Bed 20 •italicized values are 
BR6 1st Bed 1 7  from bag method 
FR7 Family Room 16 
Total 1 65 

HRV Exhaust 
Loe. I D  Location Air Flow 

Bag Method 
(1/s) 

LE1 Laundry 1 7  
KE2 Kitchen 39 
BE3 Main Floor Bath 20 
BE4 M. Bath 22 
BES Main Bath 22 
Total 120 

HRV Balance During Testing (Us) 66 



House ID Number: 
House Volume: 

Register Code 

SA Furnace Supply Air 
RA Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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House ID Number: c::E.2. - 7  
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House ID: CE2-7 

FURNACE 
Supply Air 
Loe. ID Location I Air Flow Percent Fresh Air 

Duct Test Rig Supply 

(Vs) 
(%) .  (Ifs) 

SF1 Family Room 8.0 5% 3.3 
SD2 Dinette 8.0 9% 6.3 
SD3 Dinette 7.0 
SK4 Kitchen 7.0 4% 2.9 
SL5 Laundry 6.0 4% 2.5 
SB6 Main Floor Bath 5.0 3% 2.1 
SD7 Dining 6.0 4% 2.5 
SH8 Hall/Entrance 7.0 4% 2.9 
SL9 Living Room 9.0 6% 3.8 
S D 1 0  Den 9.0 6% 3.8 
SH1 1 Hall (back dr) 8.0 5% 3.3 
S H 1 2  . 2nd Bed Main 1 0.0 6% 4.2 
SC1 3 1 st Bed Closet 9.0 6% 3.8 
SE14 Ensuite 8.0 5% 3.3 
S B 1 5  1 st Bed 9.0 6% 3.8 
S B 1 6  3rd Bed 6.0 4% 2.5 
S H 1 7  Hallway 6.0 4% 2.5 
SB1 8 4th Bed 6.0 4% 2.5 
S B 1 9  5th Bed 6.0 4% 2.5 
SB20 Bathroom 5.0 3% 2.1 
SB21 Basement 2.0 8% 5.4 
SB22 Basement 3.0 
SB23 Basement 3.0 
SB24 Basement 0.0 
SB25 Basement 1.0 
SB26 Basement 3.0 
SB27 Basement 1.0 
Total 1 58.0 1 00% 66.0 

FURNACE 
Return Air 
Loe. ID Location I Air Flow 

Bag Method 
(l/s) 

EB1 3rd Bed 1 4.0 
EB2 Hallway 20.0 
EB3 4th Bed 1 ::1 0  
EB4 Bed 5 1 8.0 
ELS Living Room 8.0 "Italicized values are 

EL6 Dining Room 20.0 values from bag method 

EL8 Den 20.0 
EL9 1 st Bed 32.0 
EL1 0 2nd Bed 32.0 
Total 177.0 

HRV Exhaust 
Loe. ID Location Air flow 

Bag Method 
(Vs) 

HB1 2nd Floor Bath 1 8.0 
HE2 Laundry 1 4.0 
HE3 Bath (Laundry) 1 8.0 
HE4 Powder 28.0 
HES Ensuite 24.0 
HE6 Kitchen 20.0 Estimate 

Total 1 22.0 

HRV Balance During Testing (Vs) 66 



House ID Number: 
House Volume: 

Register Code 

SA Furnace Supply Air 
R4 Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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House ID Number: 
House Volume: 

Register Code 

SA Furnace Supply Air 
R4 Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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Room Code 

FR Family Room 
DR Dining Room 
LR Living Room 
LA Laundry 
EN Entrance 
OF Office 
ST Storage 
HL Hallway 



House ID: CE2-8 

FURNACE 
Supply Air 
Loe. ID Location I ECM I Duct Test Rig Percent Fresh Air. Bag Method Percent Fresh Air Expected 

Motor Speed Air Flow Nr Flow ACH 
Supply Supply 

(Vs) (%) (Vs) (Vs) (%) (Vs) 
Total 63.0 63.0 

BS1 Basement 4.6 27% 1 7.0 8.0 27% 1 7.0 0. 1 2  

BS2 Basement 4.6 8.0 

BS3 Basement 4.0 7.0 

BS4 Basement 4.0 7.0 

BSS Basement 5.2 9.0 

BS6 Basement 4.6 8.0 

B57 Basement Factor for 5.2 9.0 

658 Basement Basement DTR 4.0 7.0 

L51 Laundry 0.58 5.0 4% 2.3 9.0 4% 2.4 0.32 

KS2 Kitchen 1 0.0 7% 4.7 1 0.0 4% 2.7 0.24 

D53 Dining 6.0 1 1 %  7.0 9.0 1 0% 6.2 0.22 

DS4 Dining 9.0 14.0 

F55 Living 9.0 7% 4.2 14.0 6% 3.8 0.1 3  

FS6 Living 6.0 9.0 

WS7 En suite 5.0 4% 2.3 9.0 4% 2.4 0.40 

csa Master Closet 5.0 4% 2.3 1 1 .0 5% 3.0 0.74 

M59 Master Bed 6.0 1 0% 6.6 1 1 .0 1 1 %  7.0 0.66 

MS10 Master Bed 8.0 15.0 

B51 1  Bed 2 7.0 5% 3.3 1 1 .0 5% 3.0 0.30 

B51 2  Bed 3 7,0 5% 3.3 1 6.0 7% 4.3 0.53 

B5 1 3  Main Bath 6.0 4% 2.8 14.0 6% 3.8 1 .00 
B514 Entrance 3.0 2% 1 .4 9.0 4% 2.4 0.17 

BS15 Office 6.0 4% 2.8 9.0 4% 2.4 0.39 

Total 329.0 1 34.3 96% 60.2 233.0 96% 60.6 

Return Air 
Loe. ID Location I Air Flow I Air Flow Ajr Flow 

D.T.R. Bag Method 
(Vs) (Vs) (Vs) 

OR 1 Office has an 1 /2 hp 17.0 23.0 

DR2 Dining ECM motor 1 3.3 23.0 

FR3 Family speed setting 2 1 .9 38.0 

NR4 Hallway for 700 elm 28.0 36.0 

MRS Master Bd 14.4 25.0 

BR6 Bed 2 13.3 23.0 

BR7 Bed 3 1 1 .0 23.0 

BAB Entrance 22.0 38.0 

BR9 Entrance 1 8.0 28.0 

Total 329.0 1 58.8 257.0 

HRV Exhaust 
Loe. ID Location I I Ajr Flow 

Bag Method 
(Vs) 

KE1 Kitchen 20 

ME2 Master Bath 1 3  

BE3 Main Bath 1 2  

DE4 Bmnt. Darkrm. 16 

Total 61 

HRV Balance During Testing (Vs) 64 



House ID Number: 
House Volume: 

Register Code 

SA Furnace Supply Air 
RA Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 

-5\ 1  

->v.:-·�7:�� -<:?.:��\....!.-. 

9"1. 

. . OP 

Lf. 

Si. l b 

-SA: :S-

(�?�-� 
1·-=J2.Qrn '3 

Room Code 

MB Master Bedroom 
8 1  1 st Bedroom 
82 2nd Bedroom 
83 3rd Bedroom 
8TH Bathroom 
M8TH Master Bathroom 
BSMNT Basement 
Kl Kitchen 

-sA2 gG.S: 
131"1-l- M�v.JJ �L--

·Ej�. 

-:V<S 

El 

� 
m-i· � Os-<--::::: 

\ 

LA �l 

f.JL 
\-\� 

. r::R. 
�)..'2_ 

UP 

-szJ+ -.:f'\r.J. $' ... : �  

FR 
DR 
LR 
LA 
EN 
OF 
ST 

HL 

-SA3 

� 

-� 

::3-"°·! 0  

Family Room 
Dining Room 
Living Room 
Laundry 
Entrance 
Office 
Storage 
Hallway 

-sc._..q .. 

·�� 1 " -• I 
:.../ .... ! 

-s� 

- . . ... . 
. . . .... _., 



House ID: CE2-9 

FURNACE 
Supply Air 
Loe. ID Location I Air Flow Percenl Fresh Air 

Bag Melhod Supply 
(Vs) (Vs) 

D51 Main Fl. Office 8.0 3% 1 .6 
852 Main Fl. Bath 1 1 .0 4% 2.2 
HS3 Rear Hall 8.0 3% 1 .6 
KS4 Kitchen 7.0 3% 1 .4 
E55 Eating Area 7.0 3% 1 .4 
F56 Family Room 6.0 1 5% 8.0 
F57 Family Room 6.0 
FS8 Family Room 9.0 
F59 Family Room 7.0 
F510 Family Room 1 1 .0 
D5 1 1  Dining Room 1 1 .0 7% 3.9 
D512 Dining Room 8.0 
E51 3  Front Entry 8.0 3% 1 .6 
L51 4  Living Room 6.0 1 0% 5.5 
L51 5  Living Room 8.0 
L51 6 Living Room 1 3.0 
B5 17 M. Bath 8.0 3% 1 .6 
BS1 8  Main Bath 8.0 3% 1 .6 
BS1 9  3rd Bed 9.0 3% 1 .8 
BS20 9.0 3% 1 .8 
BS21 4th Bed 9.0 3% 1 .8 
BS22 5th Bed 6.0 5% 2.9 
B523 5th Bed 8.0 
HS24 Hallway 9.0 3% 1 .8 
LS25 Loft Alea 0.0 0% 0.0 
LS25 Loft Area 0.0 
LS27 Loft Alea 0.0 
LS28 Loft Area 0.0 
LS29 Loft Area 0.0 
LS30 Loft Area 0.0 
BS 1 Basemen! 0.0 0% 0.0 
BS2 Base Bath 9.0 3% 1 .6 
BS3 Basement 1 1 .0 20% 1 0.4 
BS4 Basement 1 6.0 
BSS Basemen I 24.0 
Total 260.0 1 00·� 53.0 

FURNACE 

Return Air 
Loe. ID Location I Air Flow 

Bag Method 
(Vs) 

HR1 Hallway 7 1 .0 
DR2 Dining Room 7 1 .0 
LR3 Living Room 47.0 
BR4 Master Bed 47.0 
HRS Hallway 47.0 
BR6 3rd Bed 47.0 
BR7 4th Bed 1 4.0 
BAB Sth Bed 20.0 
Total 364.0 

H R V  Exhaust 
Loe. ID Location I Air flow 

Bag Method 
(Vs) 

BEi Bath 14.0 
KE2 Kitchen 1 4.0 
BE3 Master Bath 1 3.0 
BE4 Main Bath 1 3.0 
BES Base Balh 14.0 
Total 66.0 

HVR Balance During Testing (Va) 53 



House ID Number: 
House Volume: 
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RA Furnace Return Air 
HS HRV Supply 
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House ID Number: 
House Volume: 
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Register Code Room Code 

MB Master Bedroom 
SA Furnace Supply Air 8 1  1 st Bedroom 
RA Furnace Return Air 82 2nd Bedroom 
HS HRV Supply 83 3rd Bedroom 
HE HRV Exhaust 8TH Bathroom 

MBTH Master Bathroom 
BSMNT Basement 
Kl Kitchen 
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House ID:  CE2-1 0 

FURNACE 
Supply Air 
Loe. ID Location I Air Flow Percent Fresh Air 

Bag Meth09 Supply 
(Vs) (1/s) 

BS1 Basement 9.0 2S% 1 7.7 
BS2 Basement 4.0 

SS3 Basement 6.0 
SS4 Basement 1 4.0 

SSS Basement 24.0 

SS6 Basement 7.0 

SS7 Basement 7.0 

SS8 Basement 7.0 

DS1 Eating Area 1 1 .0 4% 2.5 
KS2 Kitchen 10. 0  3% 2.3 
FS3 Foyer 7.0 2% 1 .6 
BS4 2nd Bed 20.0 6% 4.S 
SSS 1st Bed 20. 0 6% 4.S 
BS6 Bath 20.0 6% 4.S 
MS7 Master Bed 1 8.0 2S% 1 7.7 
MS8 Master Bed 1 8.0 
MS9 Master Bed 1 8.0 

MS1 0  Master Bed 24.0 
BS1 1 Ensuite Bath 1 0.0 3% 2.3 
CS12 Master Closet 8.0 3% 1 .8 
LS1 3 Living Room 1 2.0 1 1 %  7.5 
LS14 Living Room 1 2.0 
LS1 S  Living Room 9.0 
LS1 6 Laundry 7.0 2% 1 .6 
ES17 Entmncc 1 1 .0 4% .2.5 

Total 31 3.0 1 00% 71 .0 

FURNACE 
Return Air 
Loe. ID Location I Air Flow 

Duct Test Rig 
(Vs) 

MR1 Master Bed 53 
BR2 1 st Bed 37 
BR3 3rd Bed Dobermans 
LR4 Living Room Heavy Furnishings 
Total Incomplete 

H R V  Exhaust 
Loe. ID Location Air Flow 

Bag Method 
(l/s) 

LR1  Laundry 6.6 
KE.2 Kitchen 24.6 
BE3 Main Bath 1 9.7 

BE4 Master Bath 1 9.4 
BES Base Bath 8 . .2 
Total 78.5 

HRV Balance During Testing (Vs) 71 



House ID Number: 
House Volume: 
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SA Furnace Supply Air 
R4 Furnace Return Air 
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HE HRV Exhaust 
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H ouse ID: CEB-1 

FURNACE 
Supply Air 
Loe. ID Lnc:Atinn I Air Flow Percent Fresh Air 

Duct Test Rig Supply 
(Vs) (Vs) 

B51 Basement 3.0 1 1 % 6.9 
B52 Basement 3.5 
B53 Basement 6.5 •Jtalicized D. T. R  air flows 
BS4 Basement 3.0 based on bag method 
BSS Basement 2.8 
BS7 Basement 2.5 
M51 Master Bed 1 6.0 1 3% 8.1 

MS2 Master Bed 9.0 
KS3 Kitchen 1 0.0 5% 3.2 
DS4 Dining Room 1 0.0 5% 3.2 
LSS living Room 40.0 29% 1 7.6 
LS6 Living Room 9.0 
L57 Living Room 2.5 
L58 Living Room 2.7 

ES9 Entrance 2.3 1 %  0.7 
SS1 0 Stairwell 4.3 2% 1 .4 
MBS1 1 Master Bath 1 0.0 1 0% 6.2 
MBS12 Master Bath 9.0 
BS13 Bedroom 6.0 3% 1 .9 
L51 4  2nd Fl .  Loft 8.0 4% 2.6 
5515 2nd Fl. Storag 6.0 3% 1 .9 
051 6 2nd Fl. Office 6.0 9% 5.2 
051 7 2nd Fl. Office 1 0.0 
BS1 8 2nd Fl. Bath 6.0 3% 1 .9 
Total 1 88.1 1 00% 61 .0 

FURNACE 

Return Air 
Loe. ID Location I Air Flow 

Bag Method 
(1/s) 

BR1 Basement 1 42.0 
MR2 Master Bed Not measurable 
BR3 Master Bed Not measurable 
LR4 Liv. Rm (High) Not measurable 
ORS Office (Low) 28.3 
Total Incomplete 

HRV Exhaust 

Loe. ID Location Air Flow 
Bag Method 

(l/s) 

ME1  Master Bath 28.3 
LE2 Laundry 28.3 
BE3 2nd Fl. Bath 20.2 
Total 76.8 

HRV Balance During Testing (l/s) 61 



House ID Number: 
House Volume: 
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R4 Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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House ID: CS0-1 

FURNACE 
Supply Air 
Loe. ID Location I Duct Test Rig Percent Fresh Air Expected ACH 

Air Flow Supply 

(Vs) (%) (Vs) 
Total 52.0 

SL1 Living Rm 37.4 9% 4.7 0.38 
SD2 Dining Rm 32.6 8% 4.1 0.38 
SK3 Kitchen 24.6 6% 3.1 0.28 
SW4 Bath rm 1 8.5 4% 2.3 0.76 
SB5 Bedrm 2 36.4 9% 4.5 0.32 
SH6 Hallway 28.5 7% 3.5 0.75 
SB7 M. Bedrm 2 1 .8 5% 2.7 0.1 9  
SW8 M. Bath 24.2 6% 3.0 0.48 

Walk-in C 0% 0.0 0.00 
SE9 Entrance 1 6.5 4% 2.3 0.23 
SC17 Laundry 25.4 6% 3.2 0.50 
SX10 Basement 22.2 36% 1 8.7 0.20 
SX1 1  Basement 1 9.2 
SX12 Basement 24.0 
SX13 Basement 24.0 
SX14 Basement 1 9.2 
SX15 Basement 22.2 
SX16 Basement 1 9.2 
Total 417.9 1 00% 52.0 0.27 

Return Air 
Loe. ID Location Air Flow 

Duct Test Rig 
(Vs) 

RU Living Rm 58 
RB2 Bedrm 2 59 

RB3 M. Bedrm 85 
RX4 Basement 24 
RX5 Basement 35 
Total 261 

HRV Balance During Testing (l/s) 52 
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House ID: CS2-1 

FURNACE 
Supply Air 
Loe. ID Location I Air Flow Percent Fresh Air 

Duct Test Rig Supply 
(Ifs) (Ifs) 

SA1 Living 9.0 4% 1 .7 
SA2 Main Fl. Bath 1 6.0 6% 3.1 
SA3 Family Room 27.0 1 1 %  5.2 
SA4 Family-Slider 29.0 1 1 %  5.6 
SAS Kitchen 1 9.0 7% 3.7 
SA6 Entry 22.0 9% 4.2 
SA7 Master Bed 1 3.0 1 0% 5.0 
SAB Master Bed 1 3.0 
SA9 Ensuite 1 8.0 7% 3.5 
SA1 0 Closet Walk-In 9.0 4% 1 .7 
SA1 1  Bathroom 9.0 4% 1 .7 
SA12 2nd Bedroom 6.0 2% 1 .2 
SA1 3 3rd Bedroom 6.0 2% 1 .2 
SA14 Basement 32.0 23% 1 1 .3 
SA1 5 Basement 27.0 
Total 255.0 1 00% 49.0 

FURNACE 
Return Air 
Loe. ID Location I Air Flow 

Duct Test Rig 
(Vs) 

RA1 Dining Room 73.0 
RA2 Upst. Hallway 5.0 
RA3 Master Bed 5.0 
RA4 Basement 36.0 
Total 1 1 9.0 

HRV Balance During Testing (l/s) 49 
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House ID Number: 
House Volume: 
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House ID: CS2-3 

FURNACE 
Supply Air 

Loe. ID Location I Air Flow Percent Fresh Air Air Flow Percent Fresh Air 
Duct Test Rig Supply Bag Method Supply 

(l/s) (Ifs) (Ifs) (Ifs) 

KS1 Kitchen 24.0 9% 4.9 39.0 9% 5.0 
LS2 Living Room 24.0 9% 4.9 31 .0 7% 4.0 
BS3 Entry Bath 1 8.0 7% 3.7 26.0 6% 3.3 
ES4 Entrance 1 8.0 7% 3.7 3 1 .0 7% 4.0 
DSS Dining Room 20.0 8% 4.1 26.0 6% 3.3 
CS1 Master Closet 1 1 .0 4% 2.3 1 6.0 4% 2.0 
MS2 Master Bed 20.0 8% 4.1 39.0 9% 5.0 
BS3 2nd Bed 1 4.0 5% 2.9 26.0 6% 3.3 
BS4 3rd Bed 1 3.0 5% 2.7 26.0 6% 3.3 
SSS Main Bath 1 3.0 5% 2.7 26.0 6% 3.3 
BS6 Master Bath 1 2.0 5% 2.5 26.0 6% 3.3 
SA1 Fam Rm Ceilln 19.6 20% 1 0.7 28.0 7% 3.6 
SA2 Fam Rm Cellin 32. 9  47.0 1 1 %  6.0 
SA3 Mech Ceiling 19.6 8% 4.0 28.0 7% 3.6 
Total 259.1 1 00% 53.0 41 5.0 1 00% 53.0 

"lte.li9.iz.e.d. a.re. e.�tima.�� 
FURNACE 
Return Air 

Loe. ID Location I Air Flow Air Flow 
Duct Test Rig Bag Method 

(l/s) (Ifs) 

LR1 Living Room 25.0 78.0 
DR2 Dining Room 63.0 78.0 
MR1 Master Bed 37.0 7 1 .0 
BR2 3rd Bed 25.0 35.0 
BR1 Basement 37.0 47.0 
Total 1 87.0 309.0 

HRV Balance During Testing (l/s) 53 
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House ID Number: 
House Volume: 

Register Code 

SA Furnace Supply Air 
RA Furnace Return Air 
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House ID: CS2·5 

FURNACE 
Supply Air 

Loe. ID Location I Air Flow Percent Fresh Air 

Duct Test Rig Supply 
(Us) (Ifs) 

SB1 Basement 1 3.0 22% 1 1 .0 
SB2 Basement 1 0.0 
SB3 Basement 1 4.0 
SB4 Basement 1 3.0 
SFS Family Room 1 2.0 5% 2.6 
SK6 Kitch/Breakfas 1 6.0 1 6% 8.2 
SK7 Kitch/Breakfas 21 .0 
sos Dining Room 1 6.0 7% 3.5 
SL9 Laundry 1 1 .0 5% 2.4 
SB1 0  Bathroom 1 5.0 6% 3.3 
SF1 1 Foyer 1 0.0 4% 2.2 
SL12 Living Room 1 1 .0 5% 2.4 
SM1 3 Master Bed 1 0.0 9% 4.4 
SM14 Master Bed 1 0.0 
SE15 Ensuite 1 1 .0 5% 2.4 
SB1 6  4th Bed 1 0.0 4% 2.2 
SB17 3rd Bed 1 0.0 4% 2.2 
SB18 2nd Bed 8.0 3% 1 .8 
SB1 9  Bathroom 1 0.0 4% 2.2 
Total 231.0 1 00% 51 .0 

FURNACE 
Return Air 

Loe. ID Location I Air Flow 

Duc! Test Rig 

(Ifs) 

RB1 Basement 40.0 

RF2 Family 80.0 

RF3 Corridor 32.0 

RS4 Stairs 40.0 •ttalicized values from 
RMS Master Bed 52.0 Bag Method 
Total 244.0 

HRV Balance During Testing (Vs) 51 
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House ID Number: 
House Volume: 

Register Code 
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RA Furnace Return Air 
HS HRV Supply 
HE HRV Exhaust 
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House ID: CS2·7 

FURNACE 
Supply Air 
Loe. JD Location I Air Flow Percent Fresh Air Air Flow Percent Fresh Air 

Duct Test Rig Supply Bag Method Supply 
(l/s) (l/s) (Vs) (l/s) 

LS1 Living Room 42.0 9% 4.9 39.0 9% 5.0 
DS2 Dining Room 62.0 1 3% 7.2 52.0 12% 6.7 
BS3 Powder Room 42.0 9% 4.9 52.0 1 2% 6.7 
ES4 Entrance 37.0 8% 4.3 31 .0 7% 4 .0 
BSS 2nd Bed 25.0 5% 2.9 28.0 7% 3.6 
BS6 3rd Bed 1 5.0 3% 1 .8 26.0 6% 3.3 
BS7 Main Bath 3 1 .0 7% 3.6 31 .0 7% 4.0 
MS8 Master Bed 77.0 1 7% 9.0 39.0 9% 5.0 
BS9 Master Bath 42.0 9% 4.9 3 1 .0 7% 4.0 
BS1 0  Basement 50.0 1 9% 1 0.4 52.0 22% 1 1 .7 
BS1 1 Basement 39.0 39.0 
Total 462 1 00% 54.0 420.0 1 00% 54.0 

FURNACE 
Return Air 
Loe. ID Location I Air Flow 

Bag Method 

(Ifs) 

LR1 Living Room 150.0 ·reading from 
HR2 Hallway 52.0 duct test rig 
BR3 3rd Bed 39.0 
Total 241 .0 

HRV Balance During Testing (l/s) 54 
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House ID: CC2-3 

FURNACE 
Supply Air 
Loe. ID Location I Air Flow Percent Fresh Air 

Duct Test Rig Supply 
(Us) (Us) 

BS1 Basement 1 8.0 1 4% 8.4 
BS2 Basement 26.0 
DS3 Dining Room 5.0 2% 1 .0 
NS4 Breakfast Noo 30.0 9% 5.7 
FS5 Family Room 30.0 1 9% 1 1 .4 
FS6 Famlly Room 30.0 
HS7 Stair to Base 1 0.0 3% 1 .9 
PSS Main Fl. Bath 5.0 2% 1 .0 
ES9 Main Entrance 1 8.0 6% 3.4 
LS1 0 Living Room 28.0 9% 5.3 
BS1 1 Master Bath 26.0 8% 4.9 
BS12 2nd Bed 1 7.0 5% 3.2 
BS1 3  3rd Bed 1 9.0 6% 3.6 
MS1 4 Main Bath 24.0 7% 4.6 
BS15 Master Bed 35.0 1 1 % 6.7 
Total 321.0 1 00% 61.0 

FURNACE 
Return Air 
Loe. ID Location I Air Flow 

Duct Test Rig 
(Us) 

R1 Family Room 95.0 
R2 Living Room 76.0 
R3 Master Bed 40.0 •1ta/iclzed values from 
R4 3rd Bed 80.0 bag method 
Total 291.0 

HRV Balance During Testing (l/s) 61 
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House ID: CC2-5 

FURNACE 
Supply Air 
Loe. ID Location I Air Flow Percent Fresh Air Air Flow Percent Fresh Air 

Duct Test Rig Supply Bag Method Supply 
(Vs) (Vs) (l/s) (Vs) 

B1 Master Bed 8.5 9% 5.6 1 5.7 8% 5.3 
B2 2nd Bed 7.7 8% 5.1 14.0 7% 4.7 
B3 3rd Bed 6.9 7% 4.5 1 2.8 7% 4.3 
E4 Ensuite 8.7 9% 5.7 1 5.7 8% 5.3 
BAS Bathroom 5.7 6% 3.7 1 2.8 7% 4.3 
K6 Kitchen 1 0.0 1 0% 6.6 1 8.0 1 0% 6.1 
K7 Dining Room 1 3.1 1 3% 8.6 28.0 1 5% 9.5 
LB Living Room 1 0.6 1 1 %  7.0 20.0 1 1 % 6.8 
BA9 Bathroom 6.3 6% 4.1 1 2.8 7% 4.3 
E 1 0  Entry 8.7 9% 5.7 1 7.6 9% 5.9 
B 1 1  Base Family 5.7 1 2% 7.4 1 1 .0 1 2% 7.4 
B12 Base Family 5.7 1 1 .0 
Total 97.5 1 00% 64.0 1 89.4 1 00% 64.0 

' 

FURNACE 
Return Air 
Loe. ID Location I Air Flow Air Flow 

Duct Test Rig Bag Method 
(Vs) (Vs) 

RA1 Hallway (High) 32.9 47.0 
RA2 Master Bed 32. 9 47.0 
RA3 Dining Room 40.0 57. 1  
RA4 Basement 35.0 50.0 

Total 1 40.8 201 .1 •ttalicized are esffmates 

HRV Balance During Testing (Vs) 64 
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Appendix E 

Alternative Ventilation Systems - Ventilation 
Effectiveness Results 
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E.1 Introduction 

The Efficiency and Alternative Energy Technology Branch (CANMET) of 
Natural Resources Canada (NRCan) commissioned a study to develop and 
evaluate various alternative, low-cost ventilation systems intended to meet 
CAN/CSA-F326-M9 1 ,  Residential Mechanical Ventilation Systems. The 
systems developed were evaluated in terms of both initial cost and operating 
cost using HOT2000. The report on this work is titled, Energy impact of 
Ventilation Air Distribution. The report recommended that the ventilation 
effectiveness of the more promising systems be tested. This appendix details 
the installation of these systems, the testing carried out, and the conclusions 
than can be drawn based upon the results. 

An agreement was made with a builder for the use of a bungalow that was 
almost ready for occupancy, but had not yet had the HRV component of the 
ventilation system installed. Alternative ventilation systems, based upon 
NRCan's conceptual systems, were designed and installed. The HRV warm
side ductwork was configured in such a way that, with minimal effort, the 
ventilation system could be rearranged from one alternative ventilation 
strategy to another. Conventional fully ducted, extended, and simplified 
systems were also configured and tested in this house. 

The house layout is shown in Figure E. 1 .  This figure also shows the furnace 
circulation system and HRV system. To consider the relevance of the results 
from the test home for similar installations at other houses, the relatively 
modest size and open plan of the test home should be considered. 

Fan depressurization testing indicated that the test house met the air leakage 
requirements of the R-2000 Program. This served to reduce the effect of 
varying environmental conditions outside on natural air infiltration rates 
during testing. However, it should be noted that, due to the short timeframe 
available to do the work at this home, some testing was carried out during 
high wind conditions. This may have the varied natural infiltration rates 
during testing, ultimately increasing the error in the results. 

The testing methodology employed for the alternative and conventional 
ventilation systems at this house was identical to that used for the 
conventional systems installed at all other test houses in this study. Section 
3.2 provides an explanation of the methodology. 
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Fig ure E.1 : Plan of Test House 
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E.2 Alternative Ventilation Systems 

E.2.1 System 1 - Simplified System with Backdraft Damper 

This simplified system was installed with the HRV drawing exhaust air from 
the furnace return and supplying fresh air to the supply plenum. A backdraft 
damper was located in the vertical section of the furnace supply air plenum 
between the furnace and the point where the HRV fresh-air supply was 
connected. It opened due to air pressure when the furnace fan was operating 
and closed due to gravity when the fan was not operating. 

The damper, therefore, prevented fresh air delivered by the HR V from 
flowing through the furnace and return air system when the furnace was not 
operating. Dampers were installed to simulate low system air flow rates 
provided by an electronically commutated (ECM) DC motor. 

i RETURN AIR SUPPLY AIR 

r 

HRV EXHAUST AIR 

BACK DRAFT i.. ...... i DAMPER 

HRV SUPPLY AIR 

W' .A. 

L.....- � I ELECTRONICAU Y COMMUTATED FAN MOTOR -
HEAT RECOVERY VENTILATOR 

-, r 

__ _,JI Ir==: 
� INTAKE V EXHAUST 

Figure E.2: Schematic Drawing of System 1 

This system was designed to test two configurations that could become 
common installation practice. The first was the use of an ECM motor with a 
simplified system. Particularly with the electronically commutated (ECM 
motors now available for furnace fans, the low speed continuous air-flow 
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rate can be a much smaller fraction of the higher speed settings for heating 
and cooling. The intention was to determine whether the advantages of low
speed operation, low-noise generation, and low-energy use were offset by 
reductions in distribution effectiveness. Testing was carried out to determine 
the effect of low-speed operation on the distribution of ventilation air via a 
ductwork system designed for higher air flow rate operation. 

The system was also designed to test the distribution of ventilation air when 
the furnace fan was not operating. It was clear than many people were not 
operating their furnace fan when their HR V was operating because they were 
unaware that they should; they found it noisy; or they were concerned about 
operating costs. The typical simplified ventilation system provided the 
ventilation air from the HRV to the furnace return. When the furnace was not 
operating, this air either flowed through the furnace and supply ductwork or 
through the return ductwork. Resistance is usually far less on the return side, 
so it would be expected that most of the air flows out of the closest return air 
registers and leaks in the return air ductwurk. Some air enters l iving space 
close to the location where it was provided by the HRV via cracks in the 
leaky return air ductwork and return air registers. Most of the fresh air wa� 
exhausted outside again due to suction from the HRV exhaust pickup that 
was also connected to the furnace return. 

To distribute the fresh air without the furnace fan operating, the HRV supply 
was connected to the most airtight side of the distribution ductwork with 
smaller registers. This increased air flow within the supply ductwork, 
ultimately causing more air to move further through the system than it would 
in a return system with leaky ductwork and large registers. Also, the supply 
system typically has a register in all rooms, whereas the return system does 
not. For these reasons, the fresh air from the HRV was provided to the supply 
plenum instead of the return plenum. 
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E.2.2 System 2 - Extended System with Backdraft damper 

This system was identical to System 1 with the exception that the exhaust air 
for the HR V was taken from the kitchen and bathrooms instead of the return 
air plenum. The purposes of testing this alternative system installation were 
the same as those for System 1 .  The intent was to compare the effect of 
drawing stale air from the bathrooms and kitchens on the apparent net 
mechanical AC/H rates in living areas when the circulation system was not 
operating. 

:J { RETURN AIR SUPPLY AIR 

I 

KITCHEN .. 
HRV SUPPLY AIR 

MAIN BATHROOM l> I 
BACK DRAFT �---1 DAMPER 

LAUNDRY AREA� I 
ENSUITE BATH t> I 

HRV EXHAUST AIR 

a.. 

1.-4 � I E.C.M. FAN MdrOR 

HEAT RECOVERY VENTILATOR 

-. I T 

::=::l 1 • .___ __ _ 

INTAKE '7 EXHAUST 

Figure E.3: Schematic Drawing of System 2 
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E.2.3 System 3 - Supply to Central Location, Exhaust Fans in Bedroom 
Doors 

The installation of fans in/or above bedroom doors was perceived, in the 
Energy Impact of Ventilation Air Distribution report, to be a ventilation 
option with low installation and operating costs. The premise was that 
supply-side HRV ductwork in houses without forced-air heating systems 
could be reduced by the use of small fans above bedroom doorways to aid in 
distribution and circulation. The intent was to use small, efficient axial fan 
motor sets installed and operated at the rates required by CAN/CSA-F326-
M9 1 for rooms not directly supplied by ventilation air during the testing. 
Thus, the exhaust air rates from the master bedroom were 20 Lis and 1 0  Lis 
respectively. 

KITCHEN ,,.__ __ _, 

MAIN BATHROOM � 1 
LAUNDRY AREA l'I 1 

ENSUITE BATH l'I t 

HRV EXHAUST AIR 

HRV SUPPLY AIR 

HEAT RECOVERY VENTILATOR . 

INTAKE 

--...J> CENTRAL LOCATION 

Lr 

:�==1 
BEDROOMS I I HALLWAY 

'EXHAUST 

Figure E.4: Schematic Drawing of System 3 

The HRV exhausted from the kitchen and the bathrooms during all testing. 
An ensuite bath for the master bedroom also exhausted air during testing. 

During one test, the HRV central air supply location was in the living room 
of the first storey. In the other test, the central supply was placed in the 
basement to simulate a typical, two-storey house with a ventilation air supply 
in the first storey living area only and bedrooms located on the second storey. 
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E.2.4 Syste� 4 - Supply to Central Location, Exhaust Fans in Bedroom 
Closets 

System 4 was based on the same premise as System 3 .  The difference from 
system 3 was the small fans exhausted stale air from bedroom closets to the 
floor below instead of exhausting air from the bedrooms into the hallway on 
the same floor. 

KITCHEN l>----1 
MAIN BATHROOM " I 

LAUNDRY AREA l")...----1 
ENSUITE BATH l>-----1 

HRV EXHAUST AIR 

HRV SUPPLY AIR 

HEAT RECOVERY VENTILATOR 

INTAKE 

• � CENTRAL LOCATION 

BEDROOMS 

FAN 
======��>\=========r FLOOR 

)i\ 
BASEMENT 

EXHAUST 

Figure E.5: Schematic Drawing of System 4 

E.2.5 Comparative Traditional Systems 
Standard fully ducted, extended, and simplified systems were also tested in 
this house to provide a comparison to the results of the alternative system 
testing. These system types are discussed in Section E. l ,  the introduction to 
this appendix. 
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System 

System 1 -1 

System 1 -2 

System 1 -3 

System 1 -4 

System 1 -5 

System 2-1 

System 2-2 

System 2-3 

System 2-4 

System 2-5 

System 3-1 

System 3-2 

System 4-1 

System 4-2 

Fully Ducted 

E xte nded 

Simplified 

E.3 Results 

The average apparent natural air change rate within the house was subtracted 
from the apparent total air change rates to detennine the apparent mechanical 
ACIH rates for the five sample rooms discussed throughout this report. The 
results, therefore, relate directly to each mechanical system. 

Table E. l summarizes the system configurations tested: 

Table E.1 :  Summary of Test Configurations 

HR V Furnace Fan · Bed rm Comments 
Operation Operation .. Doors 
MVC (1 ) Off O p e n  Backdraft damper open 

MVC Off O p e n  Backdraft damper closed 

MVC ECM low O p e n  

MVC Low O p e n  

MVC High O p e n  

MVC Off O p e n  Backdraft damper open 

MVC Off Open Backdraft damper closed 

MVC ECM low O p e n  

MVC Low O p e n  

MVC High O p e n  

MVC Off Closed(2) HRV supply to main floor 

MVC Off Closed(3) HRV supply to basement 

MVC Off Closed(2) HRV supply to main floor 

MVC Off Closed(3} HRV supply to basement 

MVC Low O p e n  

MVC Low O p e n  

MVC Low Open 

Notes: 
1 .  HRV balanced at CAN/CSA-F326-M91 Minimum Ventilation Capacity (MVC) air flow rate 
2. Bedroom doors closed only - ensuite door open 
3. Bedroom doors closed only - ensuite door closed 

. 

4. Supply side furnace system air flow measurements show that low-speed setting, total air flow rate is 
approximately 20% less than the total air flow rate on high speed. 
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Table E.2 provides a listing of the air flow rates for each setting of the 
furnace and HR V during testing. 

Table E.2: Listing of Air Flow Rates 

FURNACE 

Fan Setting 
Air 

High ! Medium l Low ! ECM Motor Simulated Low 
Total Outdoor Air l Total Outdoor Air l Total Outdoor Air ! Total Outdoor Air 
( l /s )  ( l/s )  i ( l /s)  ( l/s )  i ( l/s)  ( l/s)  i ( l/s)  ( l /s)  

Location l i i i 
·.s�;:;;;1_y······-·······T····· . . . . ······-····-········-··· · · · · · ·· · ·T······· ···-----··--· 

. . . . . . ............ T' . . . . . . . . . . . . . . . . . . . . . ........ ............. T .................................................. .. 
Living Rm l 4 4 . 6  4 . 6  ! 4 1 . 3  4 . 9  l 37.4 4 . 7  l 1 5 . 0  4 . 6  
Dining Rm l 3 9 . 6  4 . 1  ! 3 6 . 1  4 . 3  l 3 2 . 6  4 . 1  j 1 4 . 1  4 . 3  
Kitchen l 2 8 . 5  3 . 0  l 2 5 . 7  3 . 0  l 24 .6  3 . 1  � 1 2 . 8  3 . 9  
Bathroom l 2 0 . 4  2 . 1  1 9 . 5  2 . 3  1 8 . 5  2 . 3 ! 6 . 2  1 . 9 
Bedrm #2 i 5 3 . 8 5 . 6  3 9 . 9  4 .  7 36 .4  4 . 5  i 1 1 . 5 3 . 5  
Hallway l 3 1 . 7  3 . 3  2 5 . 3  3 . 0  2 8 . 5  3 . 5  j 9 . 7  3 . 0  
Master Bedrm j 2 4 . 2  2 . 5  2 2 . 1  2 . 6  2 1 . 8 2 .  7 j 7 . 5  2 . 3  
Master Bath i 2 6 . 8  2 . 8  2 4 . 6  2 . 9  2 4 . 2  3 . 0  l 1 0 . 3  3 . 2  
Entrance l 2 1 . 8  2 . 3  1 9 . 9  2 . 4  1 8 . 5  2 . 3  ! 5 . 0  1 . 5 
Laundry j 3 0 . 5  3 .2  2 6 . 5  3 . 1 2 5 . 4  3 . 2  ! 9 . 6  2 . 9  
Basement j 1 80 . 0  1 8 . 6  1 57 . 5  1 8 .7  1 50 . 0  1 8 . 7  i 67.0  20 .7  

Total Suoolv i 5 0 1 . 9 5 2 . 0  � 4 3 8 . 4  52 .0  4 1 7 . 9  5 2 . 0  I 1 68 . 7  5 2 . 0  

Return 
Living Rm 
Den 
Master Bedrm 
Basement 
Basement 

Total Return � 

HRV 

I 

5 3 . 0  
5 8 . 7  
9 4 . 8  
2 8 . 8  
4 2 . 0 

277 . 3  

Air Flow 
(l/s) 

Percent 

.1::�.���.1.�.r:i ............ .. i ................. ............................ .. Supply l 
M. Bedrm l 1 2.8 25% 
Den l 5.0 1 0% 
Living Rm l 1 6.6 32% 
Basement ! 17.7 34% 
Total Supply l 52.0 1 00% 

Exhaust 
Kitchen 26.7 48% 
Bathroom 1 6.3 29% 
Ensuite 1 3.0 23% 
Total Exhaust 56.1 1 00% 

5 0 . 9  
55 . 0 
9 8 . 6  
25 . 2  
3 6 . 8  

2 6 6 . 5  

Notes 
1 
2 

3 
4 

5 

6 

5 8 . 2  
5 8 . 8  
8 4 . 8  
2 4 . 0  
3 5 . 0  

! 260 .8  . 

7.7  
7 .9  
9 . 3  
9 . 1  

1 3 . 3  

4 7 . 3  

For a discussion o f  air flow measurement results, see Appendix D 
Flow measuring station used to balance HRV at 52 Vs for all tests 
when HRV was running. F326 requires 47 Vs - used 52 Vs to 
ensure flows were high enough at various intakes and outlets 
HRV flow measurements at grilles taken with bag method 
HRV exhausts were taped in future laundry and future bathroom 
in basement for all testing 
Furnace air flow measurements taken at registers with CMHC 
duct test rig 
Direct outdoor air to each room values assume fresh air 
proportion of supply air flow rate equal in all cases. 
Air lost via leaky ductwork is not considered in determining 
these values 
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Figure E.6: Summary of Net Mechanical AC/H Rates by Ventilation 
System Type and Operation 

E.3.1 Systems 1 and 2 

The first two options for the first two systems: systems 1 - 1 , 1 -2, 2- 1 ,  and 2-2 
in the previous table are all options where the furnace fan was off. In the 
latter option of each pair, the backdraft damper was closed forcing all 
ventilation air to flow through the supply system. The table shows that, when 
the damper was closed, there was a marginal increase in the net mechanical 
AC/H in the living room - a room far from the furnace. The AC/H in a 
second room equally far from the furnace (the second bedroom) stayed 
relatively constant with the damper open and shut. 

For both modified simplified and the modified extended systems, there was 
little difference between the results with the furnace fan operating at the three 
different speed settings -high speed, low speed and ECM low speed. The 
lowest net mechanical AC/H values in this testing were recorded in the 
master bedroom in system 1 -3 (the simplified system on CM low speed). 
Note that the ensuite exhaust would induce air into this room in the extended 
system configuration. 

The distributions of net mechanical AC/H rates with the furnace fan 
operating were similar to those found for standard fully ducted, extended, and 
simplified systems. 
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E.3.2 Systems 3 and 4 

The two systems where the HRV supplied a central location and exhaust fans 
in bedrooms were used to induce ventilation elsewhere both produced 
negligible net mechanical AC/H values in all rooms monitored with the 
exception of the room supplied directly. 

The lone exception to this was the relatively high net mechanical AC/H value 
in the master bedroom in the test where fresh air was only supplied to the 
basement. In this test, the door between the master bedroom and the ensuite 
was open. The combined effect of the 20 Lis exhaust from the master 
bedroom and the 14  Lis exhaust from the ensuite may have drawn air into the 
master bedroom from the basement below through the open return air 
ductwork for the furnace. 

In system 3 . 1 ,  the opening in the return air system was such that it is likely 
that most of the air being induced into the bedrooms was coming from 
unventilated areas. Hence, further testing in houses without forces air systems 
may be advisable. 

Appendix E: Alternative Ventilation Systems - Ventilation Effectiveness Testing results E - 1 1  









Coding Number: 

H RV System I nspection 
Field Survey of Heat Recovery Systems 

NOTE: 
I n  order for the house to qualify as a host house, the H RV must be capable of meeting the 
CAN/CSA F326-M91 ventilation rate. Please check the installed unit to ensure it has been 
p roperly sized for this house. 

' ... - . .. 
A. HOUSF-IDENTIF/CATION · . 

Name: 

Street Address: 

City: 

Phone: home: 

I nvestigator: 

Date of construction of house: 

P rovince: 

work: 

Type of home: (bungal ow, split level , 2 storey, 3 storey) 

B. TYP_E OF HRV 1N$T�LLA Tl'?t:J 

1 .  Date of HRV installation: 

2. Configuration of the H RV ducting system :  

A .  O Fully Ducted 
B. O Partially Ducted 
C. O Simplified 

© BU CHAN, LAWTON, PARENT LTD, 1994 

Postal Code: 

This Inspection form is provided for the sole purpose of undertaking the Field Survey of Heat Recovery Ventilation Systems and cannot 
be used for any other purpose without the written consent of Buchan, Lawton, Parent Ltd. 



HRV System Inspection Page 2 
Field Survey of Heat Recovery Systems 

C. DUCT. LA YOUT DIAGRAM 

© BUCHAN, LAWTON, PARENT LTD, 1 994 

Survey Name: 
Coding Number: 

The Duct Layout Diagram should include 
the location of the furnace and HRV and 
the layout of the ductwork. 

Label the following items on the 
diagram: 

Furnace Supply Air: SA 

Furnace Return Air: AA 

HAV Supply: S 

HRV Exhaust: E 

This Inspection form is provided for the sole purpose of undertaking the Field Survey of Heat Recovery Ventilation Systems and cannot 
be used for any otlier purpose without the written consent of Bur;han, Lawton, Parent Ltd. 



HRV System Inspection Page 3 Survey Name: 
Field Survey of Heat Recovery Systems Coding Number: 

D. CONDITION OF HRV 

3. HRV manufacturer: 

model: 

4. Is the dehumidistat functioning prope rly? Yes O No O 

If no, what problems were encountered? __________________ _ 

5. Timers in washrooms and or kitchen :  

A. Location B. Type (Push button, Crank) C. Functioning (Yes, No) 
1 .  A .  8.  C.  Yes O No O 

2. A. 8. C .  Yes O N o O 

3. A .  8 .  C.  Yes O N o O 

6, H ave control wires been properly connected to the HRV ci rcuit board. Yes O No O 

E. CORE·AND FILTERS . , . 
7. Is  the core properly installed in the H RV? Yes 0 

Is the core clean? Yes O 

No O 

No O 

.-) 

Any sign of deterioration or other noted problems ----------------

8. Are the HRV filters properly installed in the correct air flow streams Yes 0 No D 

Comments -----------------------------

Are the filters clean 

Are the filters p roperly fitted for this unit 

© BUCHAN, LAWTON ,  PARENT LTD, 1 994 

Yes O 

Yes D 

No D 

No O 

This Inspection form is provided for the sole purpose of undertaking the Field Survey of Heat Recovery Ventilation Systems and cannot �e used for any other purpose wit/lout the written consent of Buchan, Lawton, Parent Ltd. 



HRV System Inspection Page 4 Survey Name: 
Field S u rvey of Heat Recovery Systems Coding Number: 

9. I s  there a grease fi lter i nstalled in the kitchen exhaust port? Yes O No O 

What type of filter is installed?----------------------

Has the filter been cleaned? Yes O No O 

1 0. H ave bird screens been installed in the H RV supply and exhaust hoods? Yes 0 No O 

Size of mesh: -----------

Acce ssibi l ity: 

Removable: Yes O No O 

1 1 .  I s  the condensate tube trapped? 

Is  there water in the trap? 

Yes O 

Yes O 

No O 

No O 

F. FANS AND MOTORS AND DEFROST MECHANSIM 

1 2. Fan :  

Accessibil ity: 

Condition: 

S pecs: 

1 3. M otor:  

Size of Motor: 

Is it working? Yes O No O 

Condition: 

Does the motor require oi l ing Yes O No O Maybe O 

N otes: 

1 3a. Defrost Mode: 

Describe the defrost mode: ------------------------

I s  it working? Explain if not working.  ---------------------

Note any spil lage susceptible appliances: -------------------

© BUCHAN, LAWTON, PARENT LTD, 1 994 
This Inspection form is provided for the sole purpose of undertaking the Field Survey of Heat Recovery Ventilation Systems and cannot 
be used for any other purpose without the written consent of Buchan, Lawton, Parent Lid. 



HRV System Inspection 
Field Survey of Heat Recovery Systems 

F. CONDITJdN:oi= o·ucr SYSTEM�-
t - *' •. ·• -.· •'' _... ,.4l,. � 

Page 5 Survey Name: 
Coding Number. 

1 4. Sizing - I s  ductwork s ized according to applicable Building Code? Yes O No O 

Comments: ______________________________________________________________________________________ _ 

1 5. H ave appropriate connections been used? 
tape) 

(Hoods, fittings, screwed together, metall ic 

Comments: ------------------------------------------------------------------------------------------------------------------

1 6. Is the kitchen exhaust duct accessible for cleaning for the entire length or is a g rease filter 
installed at the intake? Yes O No O 

Comments: --
------------------------------------------------------------------------------------------------------------------

1 7. Vibration Isolation:  

H RV suspended: Yes O No O 

I nstalled between the H RV & supply ductwork: Yes O No O 

I nstalled between the H RV & exhaust ductwork: Yes O No O 

Comments: --
-------------------------------

1 8. Cold side ductwork: 

Ductwork insulated with vapor barrier: 

Do supports compress insulation excessively? 

Is vapor barrier sealed at header? 

Is ductwork excessive and or sagging? 

Yes O 

Yes O 

Yes O 

Yes O 

No O 

No O 

No O 

No O 

Comments: -------------------------------------

1 9. Exterior Hoods: 

H ood material: (galvanized steel, aluminum, p lastic, etc.) 

P rotected from weathe r  

P roper damper on exhaust a i r  stream 

Accessible for cleaning and servicing 

Located where ice is not a problem 

© BUCHAN, LAWTON, PAR ENT LTD, 1 994 

Yes O 

Yes O 

Yes O 

Yes O 

No O 

No O 

No O 

No O 

This Inspection form is provided for the sole purpose of undertaking the Field Survey of Heat Recovery Ventilation Sys/ems and cannot 
be used for any other purpose without the written consent of Buchan, Lawton, Parent Ltd. 



HRV System Inspection Page 6 Survey Name: 
Field S u rvey of Heat Recovery Systems Coding Number: 

Exhaust-distance above finished g rade: 

Supply-distance above finished g rade: 

Proximity of air intake to pollutant sources: 

I tem: distance from i ntake : ______ _ 

Item: distance from intake: 

Comments: -------------------------------

- . 

G., ·.$.Y�,TEM.AIR F.LO W  C-4PACIT'( . . . �.:>:C� 
20. Flow measuring stations installed? 

Accessible: Yes O No O 

Yes O No O 

21 . Balancing dampers installed in the main supply & exhaust Yes O 

Appropriate locations as per CSA/F326 Yes O 

22. Has the H RV been balanced? Yes O 

Are the measured flow rates noted on the HRV? Yes O 

What are the flows indicated on the unit? 

Supply: High: Low: 

Exhaust: High: Low: 

23. Measured flow rates as found: 

Fu rnace Fan ON: 

High speed: supply: exhaust: 

Low speed: supply: exhaust: 

Furnace Fan OFF: 

High speed: supply: exhaust: 

Low speed: supply: exhaust: 

24. Required flow rate capacity by room count: 

© BUCHAN, LAWTON ,  PARENT LTD, 1 994 

No O 

No O 

No O 

No O 

This Inspection form is provided for the sole purpose of undertaking the Field Survey of Heat Recovery Ventilation Systems and cannot 
be used for any other purpose without the written consent of Buch;m, I awton, Parent Ltd. 



HRV System Inspection 
Field Survey of Heat Recovery Systems 

25. Measured flow rates as left: 

Furnace Fan ON: 

High s peed: supply: 

Low s peed: supply: 

Furnace Fan OFF: 

High s peed: supply: 

Low speed: supply: 

Page 7 

26. Has the H RV been correctly sized for this house 

Survey Name: 
Coding Number: 

exhaust: 

exhaust: 

exhaust: 

exhaust: 

Yes O No O 

I .H.- • COMPLIANCE W�TH MANUFACTURERS &JiRAI INSTAL�!'- T�P.N JNSTRUCTIONS 

26. Does the instal lation comply with the Manufacturer's I nstallation instructions? Yes O No 0 
Does the instal lation comply with the H RAI I nstallation instructions? 

Note any deficiencies: 

22. Note any signs of occupant related adjustment and revision: 

Yes O N o O 

23. Note any deficiencies that could be a health concern and should be immediately addressed: 

© BUCHAN, LAWTON ,  PARENT LTD, 1 994 
This Inspection form is provided for the sole purpose of undertaking the Field Survey of Heat Recovery Ventilation Systems and cannot 
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Appendix G 

Occupant Survey Form and 
Telephone Survey Form 

Field Survey of Heat Recovery Ventilation Systems 





Coding Number: 

Occ u pant S u rvey 
Field Survey of Heat Recovery Systems 

Name: 

Street Address: 

City: P rovince: Postal Code: 

Phone: home: work: 

I nvestigator: 

Occupant's Understanding of the Operation of their Ventilation System 
1 .  At the t ime of purchase, was the operation and maintenance requirements of the heat 

2. 

recovery ventilator explained to you? Yes No __ 

Was literature p rovided with the unit? 
Have you read it? 

Yes __ 

Yes --

No __ 

No __ 

3. Do you have an arrangement with a company to maintain your furnace? 
Yes No 

If so, do they also maintain your HRV at the same time? 
Yes No 

--

--

4.  · Please explain your understanding of  the purpose of the HRV and how it works. 

5. Ho.w would you rate the air quality in your home? 

6. What impact do you think your H RV has on the air quality in your home? 
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7. How often da you perform maintenance duties on the H RV? 

- clean grease filter in kitchen 
- clean HRV filters 
- clean bird screens on ext. ports 
- clean H RV core 

once/wk 
once/wk 
once/wk 
once/wk 

once/month 
once/month 
once/month 
once/month 

once/yr 
once/yr 
once/yr 
once/yr 

neve r  
never 
never 
never 

8 .  Please state what controls you have for your H RV (eg. timer and dehumidistat). I f  you have 
a de humidistat, please explain how it controls your H RV operation and its effect on. the 
humidity in you r  home. 

9 .  How i s  the ice build-up in t h e  H RV core defrosted during the winter months? 

HR V System Interaction with Other Systems 
1 O. Does operating the furnace fan in conjunction with the HRV influence the effectiveness of 

the ventilation system? If so, how? 

1 1 .  Could an unbalanced H RV have any negative effects, and if so what are they? 
Yes No __ 

1 2. How many people interact with the HRV system? 

1 3. Do the occupants normally use high-speed timers in the washrooms? 
Yes No __ 

1 4. What do you notice about winter time humidity i n  your home? 

Window Condensation 
Damp Basement 
Air Too Dry 
Other 

© BUCHAN. LAWTON, PARENT LTD, 1 994 

N/A Most of the time 
N/A Most of the time 
N/A Most of the time 
NI A Most of the time 

Seldom 
Seldom 
Seldom 
Seldom 

Never 
Never 
Never 
Never 
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1 5. Is the H RV operated throughout the year contin uously? 

Spring 
Summer 
Fal l  
Winter 

Continuous 
Continuous 
Continuous 
Contin uous 

Intermittent 
Intermittent 
Intermittent 
I ntermittent 

Seldom 
Seldom 
Seldom 
Seldom 

N ever 
Never 
N ever 
Never 

1 6. What reasons do you have for not operatin g  the �RV on a continuous basis? 

1 7. Has any component of your H RV been replaced since it was installed? 
Yes No �� 
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HR V OCCUPANT TELEPHONE SURVEY 
Field S urvey of Heat Recovery Venti lation Systems 

I HOUSE JtiENTIFICA TION : · ; ··;-.._:J-� • 

Name: 
Street Address: 

. .  
. · .. .. • 

City: Province: Postal Code: 
Phone: home: 

I nvestigator: 

Date house was constructed: 

Type of house: 
Bungalow: 

Split Level: 
1 -Storey: 
2-Storey: 

work: 

1 9  _ _ 

I OCCUPANT'S KNO WLEDGE OF. THEIR HR V SYSTEM ' '·\�::::., · ·  ... 
1 .  What is the purpose of your H RV? 

2. How does you H RV work? 

3. Can you tell if your H RV is running? 
YES NO 

4. Where is your H RV located? 
Floor: Room: 

5. Is  your H RV connected to the furnace ductwork? 
YES NO DON'T KNOW 

. · .. �:�·�:; .. �·��- ,�· . 

6. Do you know if there are exhaust vents i n  the kitchen or washrooms that connect to the 
H RV? 
YES NO 

7. Was the operation and maintenance of your H RV system ever explained and 
demonstrated to you? 
YES NO 

8. Was an operation and maintenance manual p rovided with your HRV unit? 
Y �  NO 

. 
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9. If yes, have you read it? 
YES NO 

1 0. If no, list your reasons for not reading the manual . 

1 1 .  If yes, were the explanations and instructions clear to you? 
YES NO 

OCCUPANT-'S. OPERATION OF THEIR HR V S YSTEM �::-., - ·..-. �.··�"'·'"''·1::.rf.-"hu_. , ;.4x·p.�r·�··��,·· f;-; .� 3� , 

. . ' . . � . . � . � . ,\., , . ,. 1 � . ·. ·� -�J.l - _.., ...... � ..... ·�· "' · • .f'!,. ... � " • . ..... . . . . f,J. 

1 2. Do you operate your H RV? 
YES NO 

1 3. If no,  list your reasons for not operating your H RV. 

1 4. Do you ever use d ifferent speed settings? 
YES NO 

1 5. During the warm weather months,  do you operate your HRV: 
all the time sometimes never 

1 6. If you answered "somet.imesM o r  "never" list your reasons for not operating the HRV al l  the 
time. 

1 7. · During the cold weather months ,  do you operate your HRV? 
all the time sometimes never 

1 8. If you answered "sometimes" or " never,• list your reasons for not operating the H RV all the 
time. 

1 9. Do you have any of the following controls for the H RV in your home: 
- timers o r  switches in  washrooms? YES NO 
- timers or switches in l iving area? YES = NO 
- timers or switches in kitchen ?  Y ES NO 
- central dehumidistat YES - NO 
- d�humidistat mounted directly on the HRV YES -- NO 

© BUCHAN, LAWTON, PARENT LTD, 1 995 

DON'T KNOW 
DON'T KNOW-

D ON'T KNOW-

DON'T KNOW== 
DON'T KNOW __ 
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20. 

2 1 . 

22. 

23. 

What purpose do the controls listed above serve? 

Do you normally use h igh-speed operation timers or switches in washrooms or kitchen 
when required? 
YES NO 

Do you ever adjust the dehumidistat? 
YES NO 

Do you operate you r  furnace fan on: 
AUTO? CONTI NUOUS? DON'T KNOW 

24. If "AUTO", list your reasons for not operating the fan on a continuous setting? 

25. Do you know that. the HRV has a defrost mechanism huilt in? 

HR V MAINTENANCE-:��'kl;.1!-t::-�·:i&.:· ... ::f\.: ' .�,·� �/:?�� -�-,·-:.\:�;;·· .� ��· · . ?;·�,. -;.:·;�··· . .,._.,;,-� .;:'.·;--,;�,:".z,;�t·_.;�{�,:r���:·�: .. :·:� 
26. Does someone routinely perform maintenance duties on your H RV? 

27. 

YES NO 

Is  there a g rease filter in  the kitchen exhaust port? 
YES NO DON'T KNOW 

28. How often do you clean the grease filter in the kitchen exhaust port? 
-every three months or more often 

29. 

30. 

31 . 

32. 

-once a year or more often 
-never 

Do you know if there are filters in your HRV? 
YES NO 

How often d o  you clean the filters in your H RV? 
-every three months or more often 

. .  -once a year o r  more often 
-never 

DON'T KNOW 

Do you know where the H RV's outside i ntake and exhaust ports are? 
YES NO DON'T KNOW 

Do you know if the H RV ports outside are equipped with bird screens? 
YES NO DON'T KNOW 
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33. How often do you clean the bird screens in the HRV ports outside? 
-every three months or more often 
-once a year or m ore often 
-never 

34. Do you know if there is a removable core i nside the H RV? 
YES NO DON'T KNOW 

35. If YES, do you clean the core i nside your H RV? 
YES NO 

36. If YES, how often do you clean the core? 
-every three m onths or more often 
-once a year o r  more often 
-never 

OCCUPANT INFORMA TION·.,; . . .;, ,. -:/--.. 

37. Number of occupants: 

I O CCUPANT'S· PERCEPTION. OF. INDOOR 'AIR .QUALITY IN .THEIR HOME:;;<,$::.d1;;'f":;$�:,. I 
38. During the cold weather months,  you would say the air in your home is: 

very fresh? acceptable? stale? 

39. During the cold weathe r  months, you would say the humidity level in your home is: 
too humid? ok? too pry? 

40. During the warm weather months,  you would say the air in your home is: 
very fresh? acceptable? stale? 

4 1 . During the warm weather months, you would say the humidity level in you r  home is: 
too humid? ok? too dry? 

42. Do you find that excess humidity is removed at an acceptable rate fro m  kitchen and 
washrooms? 

43. 

YES NO 

Window condensation occurs: 
Always Sometimes 
When? 

44. Do you open your windows? 
YES NO 

45. If yes, why? 

Never 
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46. Have you ever noticed mould g rowth on your windows? -
YES NO 

47. H ave you ever noticed mould growth on your walls? 
YES NO 

48. The basement is damp and/or m usty smell ing: 
Always Sometimes 
When? 

.,. 

Survey Name: 
Coding Number: 

Never 

49. Do you find the tem perature of the air being distributed in  your home 
too cool? comfortable? too warm? __ _ 

50. If you answered ,  "too cool" above , would this prompt you to turn you r  HRV off? 
YES NO 

51 . Do you find that odours generated in the home dissipate quickly? 
YES NO 

52. Have you noted any other benefits from operating your H RV? 
YES NO 

Please elaborate : 
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