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INTRODUCTION 

CONTROLLING PRESSURE DIFFERENCES ACROSS THE BUILDING ENVELOPE -
COMPLIANCE WITH THE R-2000 HOME PROGRAM TECHNICAL REQUIREMENTS 

by 
Paul Duffy, M.A.Sc., P.Eng., Buchan Lawton Parent Ltd. 

and Mark Riley, Chief, Building Technology, 
Energy Mines and Resources Canada 

The R-2000 Super Energy Efficient Home Program is a joint Canadian government and 
industry initiative aimed at producing houses that meet high standards of energy 
efficiency and quality. Houses built under the program must comply with the R-2000 Home 
Program Technical Requirements! 

The Technical Requirements set a combined energy performance target for space and 
water heating. In addition, they also specify minimum requirements for the building 
envelope, ventilation systems and combustion equipment. 

The Requirements are such that R-2000 houses are significantly more airtight than 
conventional houses. Each R-2000 house must he tested using the Fan Depressurization 
ttethod2 (CGSB Standard CAN2-149.10 M86) and found to either have a Normalized Leakage Area 
(NLA) of less than 0.7 cm2/m2 or an Air Change Rate of less than 1.5 ACH at 50 Pa. 

Because of the tightness of the building envelope, combustion devices ln R-2000 
houses must have an outside air supply capable of supplying the total requirements of that 
device for combustion air; only sealed or forced-draft comhustion devices are allowed in 
R-2000 houses. The only exceptions to these requirements a r e fireplaces and woodstoves, 
which must be equipped with a combustion air supply and tig h t-fitting doors. 

Mechanical ventilation systems must be installed in all R-2000 houses in accordance 
with the R-2000 Home Program ''Design and Installation Guidelines for Residential 
Ventilation Systems"3(hereafter referred to as the Ventf.lation Guidelines.) The 
Ventilation Guidelines address system design, installation, and compliance issues. 

One important issue that was addressed in the Ventilation Guidelines was the issue of 
pressure differences across the building envelope. It was proposed to limit pressure 
differences to 10 Pa. on a continu o us basis t o assist in controlling the ingress of soil 
gass e s ( prin c lpally r a do n ) . The Guidelines allow higher pressure differences (up to 20 
Pa .) on a n intermi tte ut b a sis provided they do not cause combustion devices to spill 
byp r odu c t s o f c omb u stion i nto the living space. These pressure differences are higher 
than those which woul d b e a p p ropriate in conventional houses hut the fact that no 
na t u rall y aspirating combustio n devices (except fireplaces) are permitted in R-2000 houses 
was considered when the pressure limits were set. 

This paper examines the compliance issues and procedures developed to ensure that ' 
pressure differentials in excess of the limits are not created across the envelopes of R-
2000 houses. 

COMPLIANCE ISSUES 

R-2000 Re q uirements. The limits p l aced on pressure difference were part of 
compre h ensive set o f c h anges made to the R-2 0 00 Technical Requirements made for the 1986-
67 construction season. One of the key issues which was identified on a review4of the old 
R-2000 Program Technical Requirements was the need to be more flexible in terms of types 
of ventilation systems considered acceptable. 

The new Require ments are more flexible In that unbalanced ventilation airflows (such 
as those caused by exhaust fans) are allowed. The ventilation system must not contribute 
to increasing the pressure difference across the building envelop e by more than 10 Pa. 
durin g continuous operation and by more than 20 Pa. during intermittent operati on. 

The R-2000 App r o val Pr ocess. To assure compliance with these requirements it was 
n ece ssary to deve lo p design aid s and pro c edures which would allow R-2000 houses to be 
assessed. 

All R-2000 houses a re examine d on at least two occasions : fi r stly, the design is 
reviewed pt:ior to construction anti modelled usi. ng the comp u ter prng r l\m llOT-20005 ( which is 
lai::;ely hased on the NRC program !IOTC AN) 6to determi,ne if the rleslgn complies with the 
Technical Requirements a n d meets the e nergy performance target ; secondly , t he h o u se is 
Yislted once constr u cted to e nsure that aspects nf the buildin~ , s pecified at the plans 
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review stage, are in place 
assistance In de t ermining 
of the a pproval pr o cess. 

in the f i nished building. Procedures were needed to provide 
comp l iance with l i mi ts on pre~sure differentials at both sta g es 

It wa s al s o considered desirab l e to avo i d the need for a separate complia nc e test 
(though one would be provi d ed f o r cases wh e r e ver i fi c ati o n o f c o mpliance ls needed.) In 
view o f the fa c t R- 2 000 h o u s es are already tested for airtightness as part of the approval 
process, another te s t was considere d onerous and, therefore, d esirable to avoid. 

Available Data. Much is known about ho w an R-2000 h o u s e responds to unbalanced air 
flows fro m the a i rtightnes s test. It was recognized tha t the information in this test 
could be used to asse s s whether makeup air was required. 

The CGSD Fa n Depres ~urizati on Test d e fines the term Equival en t Le a ka~ e Area ( ELA) to 
describe the l ea k age c h ara~ter ' stlcs of t h e b u i l ding envelo p e . ELA d ivided by envelope 
a re a defin e s t h e Norraallze<l Leakage Area ( NL A) of the building so , a long with NLA, ELA of 
the buildlng envelope is o n e of the standard outputs a v ailable from the depressurlzat i nn 
test . ELA is directly rela t ed to the flow which will cau s e a 10 Pa . pressure difference 
across the building envelope. 

Other Considerations. Having depTess u rtzation test d a ta av a ilabl e , thoug h , im p l i es 
that the building is built and lea kage c h a racteristics are kno wn . If a ma keu p a ir Inlet 
is required, it would be necessary to retrofit it lnto th e b uildi n g . So me b ui l ders 
expressed the desire to include a ma k eu p a ir inl e t in t he b u ilding d esign wh ich would 
assure, at the design stage, pressu r e d if f e r enti a ls at t h e post-c onst r uctio n stage w oul~ 

not be excessive. Design aids and p roc e d u r e s we r e n eeded a ssist b u ilders who wa nt e d to 
assure, at the design stage, retro fits a nd / or call- b ac k s wo u l d n ot b e r e qu ired . 

Approach. To satisfy each of these needs lt became apparent that three alternative 
procedures for determining compliance with the Ventilation Guidelines were needed. 
Appendix A of the Guidelines was produced detailing the following alternative procedures 
considered acceptable for that purpose: 

1. The first alternative uses Depressurizatinn Test data 
to assess the need for and size of makeup air 
inlets based on building leakage area and 
installed ventilation equipment characteristics. 

2. The second alternative specifies a makeup air inlet 
capable of supplying all the makeup air required 
to limit pressure differences caused by unbalanced 
fan flows. 

3. The final alternative is a simple pressure difference 
test. 

Proof of compliance can be demonstrated by any one of the above procedures. To explain 
the basis these procedures, it is necessary to examine the theoretical concepts used in 
their development. 

THEORETICAL BASIS FOR DETERMINING COMPLIANCE 

Definitions in CGSB/CAN2-149.10-M86 Fan Depressurlzation Test Standard. When a 
depressur i zation test i s performed on a bu i lding, a characteristic curve is developed fro~ 

test data where flow is related to the pressure difference across the building envelope 
using an equation of the form: 

n 
Q = c tu 

where, 

Q, is flow in (L/s) 
C, is the flow coefficient 

AP, is the pressure difference in (Pa) 
n, ls the flow exponent (O.S ~ n ~ 1.0) 

( 1 ) 

Also in the standard, the term Equivalent Leakage Area (ELA) ls defined. It assumes 
the leakage characteristics to be approximated by flow through a single sharp-edged 
orifice. ELA is defined as follows: 

ELA " .001157 (;. C 
n-0.S 

10 (2) 
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where, 

er, is the density of air at reference conditions 

( ~ r = 1.204 kg/m3) 

Because of the way ELA is defined, if one sets a pressure limit (eg. 10 Pa.) and 
plots airflow (Q) against ELA, it can be seen that a straight ·line relationship exists 
between airflow and ELA. Therefore it is possible to define an unbalanced airflow which 
will cause a depressurization of 10 Pa. knowing only the ELA of the building. 

Further, it is possible to define a flow to cause 20 Pa. depressurization provided 
that the flow exponent is known. This was the principle behind a simple compliance check 
developed for R-2000 h~uses. 

A flow exponent of 0.75 was selected as representative of the depressurization 
characteristics of R-2000 houses and the unbalanced airflows which would cause a 10 and 20 
Pa. pressure difference across the building envelope were plotted against the ELA. This 
plot appears as Figure 1 in this paper and as Figure A-1 in Appendix A of the Ventilation 
Guidelines. Therefore, by consulting this chart, knowing the ELA of the building 
envelope, builders and program authorities have available the approximate unbalanced 
airflows which will cause a 10 and 20 Pa. pressure difference across it. 

Theoretically, if one considers that a flow exponent of 0.5 is possible, then 
consulting Figure 1 would produce an estimate of flow which is 20 percent too large; 
normally, for the range of flow exponents usually encountered in R-2000 houses, the error 
is less than 10 percent. 

ALTERNATIVES FOR DETERMINING COMPLIANCE 

This allows some simple alternatives for determining compliance: 

Alternative 1: Determining Compliance from Depressurization Test Data. If the house 
design primarily uses envelope air leakage to prov i de makeup air to unbalanced fans, an . 
acceptable method for determining compliance jnvolves using the ELA from the fan 
depressurization test and consulting Figure 1 to obtain the maximum unbalanced continuous 
and intermittent airflows which can be tolerated before ma~eup air will be required. 
These maximums are compared to the continuous and intermittent flow characteristics of the 
installed system to determine if makeup air will he required. 

Continuous ventilation airflows are measured routinely in R-2000 houses to determine 
the ventilation rates in the living space so the unbalanced the unbalanced continuous 
airflow is a measured quantity. To determine compliance, the unbalanced continuous 
airflow is compared to the maximum allowable unbalanced airflow which will cause a 
pressure difference of 10 Pa. (taken from Figure 1.) One need only know the ELA from the 
Fan Depressurlzation Test to obtain the maximum allowable unbalanced airflow. If the 
measured flow imbalance is greater that what is allowed, makeup air will be required. 

The check ls similar when co11sirlerlng unbalanced intermittent airflows, however, 
defining unbalanced intermittent airflows requires <lefin!ng the ''worst case" for 
intermittent operation of the ventilation system. The intermittent unbalanced airflow is 
defined in the Ventilation Guidelines as t~e largest unbalanced airflow from any ONE 
installed ventilation device operating alone or in conjunction with the continuous 
ventilation system since it is extremely unlikely that more than one device will be 
operating at the same time as combustion devices vulnerable to backdrafting. 

Typically, intermittent unbalanced airflows might be caused by a number of common 
household appliances (eg. a Heat Recovery Ventilator (HRV) in defrost mode or kitchen, 
bathroom or other exhaust devices such as clothes dryers an~ central vacuums venting to 
the outside of the building envelope.) For these devices flow measurements may be 
impractical so manufacturer's airflow data can be used in determining compliance; ln most 
cases this will provide a significant margin of safety because manufacturer's rated 
airflows tend to be somewhat optimistic when compared to actual airflows measured in the 
field. Rated airflows are compared to the maximum allowble unbalanced airflow (obtained 
from Figure 1) to determine if pressure differences of more than 20 Pa. will be 
encountered. 

In the event that manufacturer's rated airflows for equipment are nnt available, it 
ls necessary have defined default values for the typical unbalanced airflows produced by 
household exhaust · devices available both as a design aid and so that assessments of 
compliance can be made. The Guidelines address this need by providing a Table of default 
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airflows from common exhaust devices which is reproduced {n this paper as Table 1 . 

Makeu p Air. If either the continuous or the intermittent airflow ex ce e d s the 
allowab l e max l muffls for · a house with a given ELA, a makeup air inlet will be required to 
increase the ELA of the building so that excessive pressures across the envelope are n o t 
developed. Another design aid, is provided in the Appendix A of the Guidelines, Table 2 
which defines the ELA of various diameter makeup air inlets. The ELA's in the Table are ' 
based on conventional duct design principles usin g a pressure drop of 10 Pa. and nn 
equivalent duct length of 23m (75 ft.) of straight .pa duct. This was done to account f or 
the flow resistance of a hood, minimal ducting and barometric damper or cold trap in the 
design of the makeup air inlet. 

Alternative 2: Assurin g Com p liance b y S pec if ying a Makeu p Air Inlet at the Design 
~· A~ pr evio u sl y nnte d , son1e b u i lders expresse rl the rlesi re to h ave a ta hl e ava ilabl e 
listi ng makeup air inlets for various unbalanced flnws which would assure them that t he 
finished building would not exceed the allowable pressure differences across the build i ng 
envelope regardless of house ELA. In this way, a makeup air inlet could be speci fierl a t 
the design stage assuring them that a retrofit of a larger inlet into the building woul d 
not be required; in most cases it will likely be excessive because the design p roce d ure 
takes little account of envelope air leakage as a source of makeup a i r. 

A table was compiled assuming minimal house ELA (such that 80% af the hauses in the 
Energy Mines and Resources database of 300 homes had more ELA.) Required makeup a!r inlet 
diameters were specified to keep house pressures below 10 Pa. for unbalanced continuous 
flows and below 20 Pa. for unbalanced intermittent flows. 

Any bu il d e r wishing t o a ss u re c o mpl i a nc e a t t h e design s t ag e mu s t sel e ct t h e 
app ro p ri a t e makeu p ai r inlet diam e ter f rom t his tabl e , Tabl e 3 (w hich ap p ea rs as Table A- 3 
in the Ve ntilation Gu idelin es . ) For e xa mpl e , i f he is i nsta lli n g a n 8 0 L/ s ( 160 cfrn) 
ra nge f an k no wing it wou l d be o pera t i ng i n t er mit te n t ly , a 1 50 mm (6 in. ) d i a meter makeup 
ai r i nle t wo u ld b e r equ ir ed to as su re compl i ance at t he des i g n st a g e. He would not h a v e 
to c alcu l a t e t he ma keu p a ir p ro v i ded b y the h o use env e lo pe, co mp li an c e wo u ld be a ssumed if 
he i nsta ll ed a 1 50 mm (6 in .) ma k e u p air duc t fo r th a t f a n. 

Alternative 3: Assurin g Compliance by Measurin~ Pressure Differences Across the 
Envel o p e . Another acceptab l e method o f assuring compl i ance is to actual l y per f orm a test 
of p r es s ure differences across the envelope. Because ventilation contractors have 
suitably accurate pressure measuring equipment (le. a manometer) on site to perform 
ventilation flow measurements, this method of assuring compliance may be used when people 
want to be reassured or wish verification of compliance by an actual measurement. 

In designing a method for measuring pressure differences, it was considered necessary 
to distinguish between combustion air for furnaces, woodstoves etc. and makeup air for 
unbalanced ventilation flows . A factor of safety was added for calculation purposes in 
that it was assumed that combustion air provided for combustion devices is not available 
to provide makeup air for ventilation devices. Therefore, the test procedure requires 
that chimneys and makeup air inlets for combustion devices be blocked during the test to 
assure these aspects of the building are not considered in the test of compliance. 

Table 4 indicates the preparation of envelope intentional openings required for the 
test of pressure difference. The openings which are indicated as having to be sealed for 
the test reflects the concerns raised in the previous discussion. 

The actual method for measuring pressure difference is relatively straight forward . 
The building is prepared as indicated in Table 4 and a remote pressure tap is run from a 
point inside the building (at grade) to a point 8 m (25 ft.) away from the building. All 
ventilation equipment is switched off and pressure difference (Po) ls measured. 

The continuous ventilation system is switched on and the pressure difference (Pc') is 
measured. The difference in pressure (Pc) represents the increase in pressure difference 
caused by operation of the ventilation in contiuous mode. That is, 

Pc = Pc' - Po (3) 

For compliance, 

Pc<10Pa 

The largest intermittent fan is switched on and the pressure difference (Pi') is 
measured. The difference in pressure (Pi) represents the increase in pressure difference 
caused by the intermittent operation of ventilation equipment. That is, 



Pi =Pi' - Po (4) 

compliance, 

Pi < 20 Pa 

When the test is complete the building is returned to the state is was in before the 
test. All openings blocked for the test are reopened and combustion devices which may 
have been turned off are restarted. 

SUHMAR Y --
In summary, the R-2000 Program has provided three methods for assuring that pressure 

differences across the building envelope are not excessive. These alternatives have been 
provided with the objective not being onerous or requiring a separate pressure test in all 
eases. Compliance can either be determined from fan test results or from a pressure 
difference test or by installing a makeup air inlet which should be appropriate in all 
eases. 

Ultimately a builder may choose to avoid "fine tuning" his design either by supplying 
a makeup air inlet which is adequate in all cases or by supplying only "balanced" 
ventilation systems, systems in which supply and exhaust flows are equal (eg. as is the 
ease with many Heat Recoverv Ventilators.) 

The R-2000 program is committed to providing the methods and alternatives for 
determining the performance of ventilation systems in providing superior air quality to 
~eet market demands. 
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Figure 1 · Maximum Unbalanced Airflow 
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Sample Calculation using Figure 1: 

DETERMINING IF A MAKE-UP AIR INLET IS REQUIRED 
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An exhaust-only ventilation fan is being installed in a house and flows are being set to 
provide a 50 L/s continuous ventilation rate. Will make-up air be required in that house 
if it ha~ an Equivalent Leakage Arca (ELA) of 0.022 m2? 

•Continuous unbalanced flow 
•Required Leakage Area 

~ (LA at 10 Pa from Figure 1) 
t: •Building ELA 
:? 

50 L/s (100 cfm) 
0.020 r.i2 

0.022 m2 

~ BUILDING ELA IS GREATER THAN REQUIRED ELA SO NO MAKE-UP AIR INLET IS NEEDED 

Table 1: Airflows of various air exhaust devices. (Source ref. 3.) 

Exhaust Devices Range of Airflows Default Value 
L/s (cfm) L/ s ( cfm) 

Bathroom Fans 20-50 (40-100·) 25 ( 5 0) 
Standard Range Fan 50-100 (100-200) 65 (130) 
Cti l le-Top Range Fan 60-150 (120-300) 110 (220) 
Clothes Dryer 40-55 (80-110) 50 (100) 
Central Vacuums 45-65 (90-130) so (J.00) 
(exhausting to exterior) 
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Sample calculation using Table 1: 

DETERMINING THE NEED FOR MAKEUP AIR WHEN FLOW IS NOT KNOWN 

A stove-top grille range fan ls to be installed in a house with an ELA of 0.030 m2. Will 
makeup air be required? 

-Intermittent unbal. flow 
(Default flow for stove-top 

-Required Leakage Area 
(LA at 20 Pa from Figure 1) 

-Building ELA 

110 L/s (220 cfm) 
grille from Table 1.) 

0.024 m2 

0.030 m2 

BUILDING ELA IS GREATER THAN REQUIRED ELA SO NO MAKE-UP AIR INLET IS NEEDED 

Table 2: Equivalent Leakage Area (ELA) provided by inlet ducts 
of various diameters. (Source ref. 3.) 

Duct D'iameter ELA Provided 
mm (in. ) m2 

75 (3) 0.0024 
100 (4) 0.0052 
125 ( 5) 0.0092 
150 ( 6) 0.0156 
175 ( 7) 0.0240 
200 (8) 0.0340 

Sample calculation using Table 2: 

SIZING A MAKE-UP AIR INLET WHEN ELA !S KNOWN 

An exhaust-only continuously operating ventilation fan is being installed in a house with 
an ELA of 0.010 m2. Flows will be set at 50 L/s (100 cfm), will makeup air be required? 

-Continuous unbal. flow 
-Required Leakage Area 

(LA at 10 Pa from Figure 1) 
-Building ELA 
-Make-up air LA required 

50 L/s (100 cfm) 
0.020 m2 

0.010 m2 
0.010 m2 

PROVIDE A 150 mm. (6 in.) DUCT -- LA for 150 mm. DUCT is 0.0156 m2 

Table 3: Required size of makeup air inlet ducts where the 
Equivalent Leakage Area (ELA) of the building envelope 
is not known. 

Unbalanced Airflow Required Makeup Air Duct 

Continuous Intermittent Duct Diameter 
L/s (cfm) L/s (cfm) mm (in•) 

10 (20) 20 (40) 75 (3) 
20 (40) 30 (60) 100 (4) 
30 (60) 50 (100) 125 ( 5) 
50 (100) 80 (160) 150 (6) 
75 (150) 125 (250) 175 (7) 

100 (200) 170 (340) 200 (8) 

(from Table 2) 



sample Calculation Using Table 3: 

SIZING A MAKE-UP AIR INLET UHEN BUILDING ELA IS NOT KNOUN 

~n exhaust-only ventilation fan will be installed in a house and airflows will be set to 
provide a 65 L/s (130 cfm) continuous ventilation rate. The builder requires that an 
adequate makeup air inlet be specified at the design stage to avoid having to retrofit it 
[nto the building. 

.continuous unbalanced flow 
-Make-up air inlet diameter required 

(from Table 3) 

65 L/s (130 cfm) 
175 mm (7 in.) 

Table 4: Preparation of intentional openings for test measuring the pressure 
across the building envelope. 

Item 

Windows and Doors 
Floor Drai.ns 
Plumbing Traps 
Exhaust Devices and Ventilation Equip. 
Chimney Flues and Makeup Air Inlets 

for any Combustion Device Including 
those for Fireplaces and Wood Stoves 
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Preparation 

Closed and Latched 
Filled or Sealed 
Filled or Sealed 
No Preparation 
Sealed and Device Turned 

Off for the Test 

difference 


