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EXECUTIVE SUMMARY 

Concerned especially with reducing peak power demand, Ontario Hydro is exploring various energy 
conservation strategies and their potentials. The existing electrically heated multi-residential building stock 
accounts for more than 14% of the commercial sector's electrical energy consumption and a much greater 
share of the peak power demand. Improving the energy efficiency of high-rise buildings is an important 
component of the demand and supply management (DSM) strategy. 

In most Ontario locations, peak space heating demand in high-rise residential buildings varies from 35 to 65 
W/m2 of floor space. During peak winter conditions, the air leakage component contributes to the heating 
load by 12 to 25 W/m2 

- roughly 25 to 40% of the peak heating demand. Therefore, the control of air 
leakage in buildings has become recognized as a key element in achieving energy conservation. C~early, if 
high-rise buildings could be better sealed, the potentials for reductions in peak demand (plant capacity) and 
energy usage, and· the associated costs, should be enormously attractive to building owners and the utility. 

The project was initiated in July 1990 by Scanada Consultants Limited of Ottawa and CanAm Building 
Envelope Specialists Inc. of Mississauga. Objectives were to develop simplified air leakage assessment 
procedure and to demonstrate and to test impact of air leakage control measures in the field. 

The project accomplished the following: (i) developed and validated the field procedures necessary to 
identify and assess the air leakage rate in buildings of eight storeys and higher; (ii) established a procedure 
to evaluate the various air leakage control strategies based on potential cost benefits; and (iii) demonstrated 
air leakage control in two high-rise residential buildings with the results of the impact on peak power 
demand, energy consumption, indoor air quality, and of course the building airtightness. The project has 
helped to remove some of the uncertainties and shown the potentials for conservation are indeed 
considerable. 

Assessment Procedure 

A simplified air infiltration estimation procedure was developed, based primarily on equivalent air leakage 
area and local net pressure distribution. The air leakage rate at a given location depends on the infiltration 
driving forces (stack, wind and mechanical ventilation) and the characteristics of the opening.in the building 
envelope. A simplified network of air-flow paths can be established using the following information: climate 
and exposure, building types, building form, building dimensions, surface to volume ratios, shafts, and 
envelope types, windows and doors, envelope crack. lengths, openings, and make-up air strategies. The 
algebraic sum of air-flow through these paths must always be equal to zero. By applying the 'mass balance 
equation, the component of air infiltration which would be occurring during the peak winter condition can 
be determined. This air-flow rate is responsible for the space beating load due to uncontrolled infiltration. 
Any reduction in this infiltration flow should decrease the heating requirements for the building. The 
procedure was simplified and developed into a practical application tool which can be utilized by assessors 
and air leakage control contractors. The outline 'of this assessment procedure is presented in the Figure 1. 
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Figure 1: Procedure for Air Leakage Assessment and Control in High-Rise Resldentlal Buildings. 

Field Demonstration and Results 

Two buildings were selected for the demonstration of air-sealing work. One building was located in Ottawa 

and the other was in Toronto. First, the estimation of air leakage rates was performed using the assessment 
procedure. Based on these estimations, air-sealing priorities were determined and a work plan was 
developed. The "whole building fan test" was conducted to determine the airtightness before and after air­
sealiog in order to refine and validate the assessment method. (The fan test is costly and is not a normal 
part of the new assessment procedure.) Based on airtightness results, the peak heating demand was 
calculated. 

The continuous monitoring of energy and power consumption in these two buildings through the winter 
months showed a peak demand reduction in the Donald Street building of 85 kW, and a 42 kW reduction 
in the Bridleview building as a result of the air sealing as shown in Table 1. Figure 2, 3 and 4 shows the 
comparison of measured and estimated reductions in energy and power consumption for both the case 
buildings. 
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Table 1: Summary of Measured Energy ConsumptJon Before and .After Air Sealing. 

. Peat Demand BnCll)' ~ptioa During 

Heating Scuoa (kWh) 

Before Air AftcrAir DiB'CSCDCC PCRICDa.p Difference iD Pcrceui.p 

Scaling Scaling iDI>cmaad Rcdudioa &cq;y Rcduc:tiOA 

(kW) (kW) (tW) (MWh) 

Donald Street Building (Ottawa) m 687 8S 11.0% 165 12.0% 

Bridleview Building (l'oronto) 496 454 42 8.S% 63.3 6.5% 

Based on these monitored results, the air leakage assessment procedure was modified slightly to reflect the 
practical aspects regarding the airtigbtening of buildings. The assessment method was able to predict the 
potential savings in energy consumption within 5 to 10%. 

Based on the successful demonstration of air-scaling work and the assessment procedure, it can be concluded 
that air leakage control or weathcrization offers a potential to reduce the peak electric demand by 4 to 10 
W/m2 of floor space depending on the location md building characteristics. A simplified analysis of 
Ontario's high-rise residential building stock suggests an air leakage control potential of roughly 6 W/m2 of 
&m~~~ . 

Summary of Benefits of Air Sealing 
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Figure 2: Summary or Measured Peak Power Demand Before and .After Air Sealing • 
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Figure 3: Reductions in peak electric demand for four buildings. (W/m2 of Ooor area) 
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Cost-Benefit Assessment 
251 Donald Street 

Reductions In Peak Demand 
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Figure S: Priority or air sealing measures t'or the Donald Street Building. 

Cost-benefit assessment showed that the average cost of air-sealing varied from $645 to $880 per kW of 
demand reduction for the two test buildings. The sealing of elevator shafts (top, bottom and external walls), 
garbage chutes (top and bottom) and stairways was the most cost effective air-sealing practise in both 
buildings. The second best methods were the sealing of exterior envelope, windows and doors, based on cost 
and potential peak demand savings. The priority of air-sealing measures was determined using the cost­
benefit assessment. Figure 5 shows an assessment of Donald Street Building. 

Indoor air quality tests showed that the air sealing of the building had no negative impact on the general 
conditions of comfort and air quality in both buildings as summarized in Table 2. In both these buildings, 
it was also observed that the air sealing had reduced the movement of stale odours. In fact, the sealing 
allowed for more consistent adjustment of air supply to the apartments. 

Table 2: Summary or Indoor Air Quality Results After Air Sealing. 

After Air Scaling 

1. Indoor room temperature slightly increased 

2. Relative humidity increased 

3. Carbon dioxide slightly increased 

4. Carbon monoxide slightly increased 

S. Formaldehyde slightly increased 

6. Radon (basement + ground) no change 

The implementation of a high-rise leakage control (weatherization) program must be done with full 
consideration of issues related to performance contracting, training of air-sealing assessors and air leakage 
control contractors, and quality control. Effective implementation of such a program would benefit Ontario 
Hydro and the building owners. 
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RESUME 

· Par souci de reduire la demande de pointe, Hydro-Ontario etudie presentement differentes strategies 
d' economie d' energie et leurs possibilites. Les ensembles de logements collectifs chauffes a l' electridte 
accusent plus de 14 p. 100 de la consommation d'energie du secteur commercial et une part beaucoup plus 
considerable de la demande de pointe. Le relevement de l' efficacite energetique des tours d'habitation 
constitue une importante composante de la strategie de la gestion de l'offre et de la demande. 

Dans la plupart des municipalites de l'Ontario, la demande de pointe en matiere de chauffage pour les tours 
d'habitation fluctue entre 35 et 65 W /m2 de surface de plancher. En periode de pointe l'hiver, les fuites d'air 
contribuent a accroitre la charge de chauffage de 12 a 25 WI m2

, soit environ de 25 a 40 p. 100 de la demande 
de pointe en chauffage. Remedier aux fuites d'air dans les ba.timents est done reconnu comme element de 
de l'objectif d'economiser l'energie. De toute evidence, si l'etancheite a l'air des tours d'habitation pouvait 
etre relevee, les perspectives de reduire la demande de pointe (capacite des usines) et la consommation 
d'energie, et ses coli.ts, devraient susciter enormement d'interet chez les proprietaires d'immeubles.et les 
services publics. 

La recherche, amorcee en juillet 1990 par les fumes Scanada Consultants Limited d'Ottawa et CanAm 
Building Envefope Specialists Inc. de Mississauga, avait pour objectifs, d'une part, d'elaborer une methode 
simplifiee d'evaluer les fuites d'air et, d'autre part, de demontrer et de tester sur les lieux !'incidence des 
mesures d'elimination des fuites d'air. 

Void par quoi s'est soldee cette recherche: (i) mise au point et validation des methodes necessaires pour 
caracteriser et evaluer Sur place les tawc de fuite d' air des batiments de huit etages OU plus; (ii) etablissement 
d'une methode d'evaluation de diverses strategies d'elimination des fuites d'air fondee sur une analyse des 
coftts-avantages; et (iii) demonstration de !'elimination des fuites d'air dans deux tours d'habitation, et 
repercussions sur la demande de pointe, la consommation d'energie, la qualite de l'air interieur et, 
evidemment, l'etancheite a l'air des batiments. Les travaux de recherche ont pennis de dissiper certains 
doutes et de determiner l'ampleur considerable des possibilites d'economie. 

Methode d' evaluation 

Les travaux ont debute par I' elaboration d'une methode simplifiee de determination des infiltrations d'air, 
fondee principalement sur la surface de fuite equivalente et la distribution de la pression locale nette. Le taux 
de fuite d'air d'un endroit donne depend des forces motivant l'infiltration (tirage, vent, et ventilation 
mecanique) et des caracteristiques de l' ouverture dans l' enveloppe du batiment. Un reseau simplifie des 
mouvements de l'air peut s'etablir a l'aide d'information concernant le climat et l'exposition, le genre de 
ba.timent, la forme du batiment, la taille du batiment, le ratio surface-volume, les cages, le type d' enveloppe, 
les portes et fen~tres, les longueurs des fissures de l'enveloppe, les ouvertures, et les strategies d'admission 
d'air de compensation. La s·omme algebrique des debits d'air empruntant ces voies doit toujours donner 
zero. En s'en remettant a !'equation de l'equilibre statique, la composante des infiltrations d'air qui 
surviendraient en periode de pointe l'hiver peut etre determinee. Ce debit d'air explique la charge de 

. chauffage des·locailic attribuable aux'infiltratio~9'incontr6lees. Toute reduction .de..ces infiltrations reduira 
les besoins de chauffage du batiment. La methode a ete simplifiee de fai;on a offrir un outil d'application 
pratique awe estimateurs et entrepreneurs charges d'eliminer les fuites d'air. La figure 1 donne un aperi;u 
de cette methode c'estimation. 
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Figure 1: Methode de determination et d'elimination des fuites d'air dans les batiments residentiels 
de grande hauteur. 

Demonstration Sur les lieux et resultats 

Deux batiments ont ete retenus dans le cadre des travaux de demonstration des travaux d'etancheification 
a l'air, l'un etant situe a Ottawa et l'autre a To.ronto. D'abord, il a fallu etablir, a l'aide de la methode 
d'evaluation, les taux de fuite d'air. L'estimation a ensuite pennis de fixer les priorites d'etancheification a 
l'air et de dresser un plan de travail. Tout le batiment a ete soumis a l'essai par ventilateur de maniere a en 
determiner l'etancheite a l'air avant et apres les travaW< d'etancheification, et a pourvoir affiner et valider la 
methode d'evaluation. (L'essai par ventilateur s'avere coO.teux et ne fait pas normalement partie de la 
nouvelle methode d'evaluation.) Les resultats d'etancheite a l'air ont ensuite servi a calatler la demande de 
pointe en chauffage. 

La verification continue de la consommation energetique de ces deux batiments pendant les mois d'hiver a 
permis de constater, apres les travaux d'etancheification, une reduction de la demande de pointe de 85 kW 
clans le batiment de la rue Donald et de 42 kW dans celui de Bridleview, comme en fait foi le tableau 1. Les 
figures 2, 3 et 4 com parent les reductions mesurees et estimees de la consommation d' energie a l' egard des 
deux batiments en cause. 



Tableau 1: Resume de la consommation d'energie mesuree avant et apres les travaux d'etancheification 
a l'air 

Demande de pointe Consommation d'energie 
pendant la saison de chauffage 

(kWh) 

Avant Apri!s Difference de Rlhluction Difference Difference 
(kW) (kW) la demande en% enenergie en% 

(kW) (MWh) . 
Batiment de la rue Donald 772 687 85 11,0 165 12,0 

(Ottawa) 

Batiment de Bridleview 496 454 42 8,5 63,3 6,5 
(Toronto) 

D'apres ces resultats surveilles, la methode d'evaluation des fuites d'air a ete Iegerement modifiee pour tenir 
compte des aspects pratiques de l'etancheification des batiments. La methode d'evaluation permettait de 
prevoir, avec un ecart de 5 a 10 %, les economies possibles en matiere de consommation energetique. 

Le succes remporte par le programme pilote de travaux d'etancheification a l'air et la methode d'evaluation 
permet de conclure que !'elimination des fuites d'air ou l'etancheification fait miroiter la perspective de 
reduire la demande de pointe en electricite de 4 a 10 w /m2 de surface de plancher, compte tenu de l'endroit 
et des caracteristiques du batiment. Une analyse simplifiee du pare des tours d'habitation de !'Ontario laisse 
entrevoir des possibilites d'aboutir sur ce plan a une reduction d'environ 6W /m2 de surface de plancher . 

. Resume des avantages de-
1' etancheif ication a l'air 
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Figure 2 : . Resume de la demande de pointe d' energie mesuree avant et a pres les travaux. 
d'etancheification a l'air 
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Reductions de la demande de pointe en energie 
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Figure 3: Reductions de la demande de pointe d'electricite pour quatre ba.timents (W /m2 de 
surface de plancher) 
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Figure4: Reductions de la consommation d' energie consacree au chauffage des locaux pendant 
la saison froide (kWh/m2 de surface de plancher) 
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Analyse couts-avantages 
251, Rue Donald 

Reductions de la demande de pointe 
(conditions theoriques de pointe) 
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Figure 5 : Priorite des mesures d' etancheification a l' air du batiment de la rue Donald 

Cages Divers 

L' analyse cotlts-avantages revMe que le coO.t moyen d' etancheification des deux batiments en cause varie de 
645 $ ~ 880 $ par kW de reduction de la demande. Dans les deux cas, la mesure la plus efficiente portait sur 
l'etancheification des cages d'ascenseurs (le haut, le bas et les murs externes), des vide-ordures (le haut et le 
bas) et des cages d'escaliers, et.la deuxieme meilleure sur l'etancheification de l'enveloppe exterieure, des 
portes et fen~tres, d' a pres les economies de coO.t et la reduction de la demande de pointe possibles. La priorite 
des mesures d'etancheification a ete determinee en fonction de l'analyse coO.ts-avantages. La figure 5 fait etat 
de I' evaluation du bi\timent de la rue Donald . 

. Les tests de qualite de l' air interieur montrent que l' etancheification du batiment n' exerce aucun effet negatif 
stir le confort et la qualite de l'air des deux Mtiments, suivant le tableau 2. 11 a ete observe que 
l' etancheification des deux batiments avait contribue a reduire la circulation d' odeurs d' air vicie. En fait, 
l'etancheification a permis de regler plus uniformement l'alimentation en air des appartements. 

Tableau 2 : Resume des resultats de qualite de l' air interieur a pres les travaux d' etancheification 

Apres l' etancheification 

1. Temperature ambiante interieure Legere augmentation 

2. Humidite relative Augmentation 

3 .. Dioxyde de carbone Legere augmentation 

4. Monoxyde de carbone Legere augmentation 
" -- .. ... . 

5. Formaldehuyde Legere augmentation 

6. Radon (sous-sol et sol) Aucun changement . 
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La mise en oeuvre d'un programme d' elimination des fuites d' air dans les tours d'habitation doit s' effectuer 
en considerant taus les aspects de l'impartition, de la formation des estimateurs experts en la matiere et des 

·entrepreneurs charges de l' etancheification, ainsi que du controle de la qualite. La mise en application efficace 
d'un tel programme profitera a Hydro-Ontario et aux proprietaires d'immeubles. 
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1. INTRODUCTION 

Air infiltration and ventilation has a profound influence on both the internal environment and on the energy 
needs of buildings. U,nnecessary high air change rat~s present an excessive burden on the building's heating 
(or cooling) system, resulting either in an unnecessary waste of energy or in the inability of the heating (or 

air conditioning) system to satisfy thermal and comfort requirements. Problems relating to moisture 
migration, cold drafts and a generally uncomfortable living or working environment may also be experienced 
with high air leakages. Therefore, the control of air leakage in buildings has become a key element in 
achieving both energy conservation and indoor air quality. 

Air exchange in buildings occurs as a consequence of natural air infiltration and through the use of 

"designed" ventilation. The natural air infiltration is the uncontrolled flow of air through penetrations in the 
building envelope caused by the action of wind and temperature difference. Hence, air infiltration provides 

little control over the pattern of air movement within the buildings and it is also a very haphazard approach 

to ventilation which cannot be relied upon to provide a steady supply of fresh air. 

A survey of four electrically heated high-rise residential buildings 1 in Ontario has shown that' the peak 
heating demand varies from 35 to 70 W/m2 of floor space. During the peak winter conditions (below -18°C 
ambient temperature and greater than 5 m/s or 18 km/hour wind velocity), the air infiltration component 
contributes to the heating load by 12 to 25 W/m2 

- roughly 25 to 40% of peak heating demand. Any 
reduction in such uncontrolled air infiltration, without sacrificing indoor air quality, will have the potential 
of reducing the overall peak heating demand. 

Despite the importance of the process of air infiltration, it is still an aspect of building science about which 

there is considerable uncertainty. In part, this problem has been made difficult by the diverse range of 

buildings, each constructed according to widely varying construction practices. The quantification of 

infiltration flows is difficult due to the complexities of the flow mechanisms. It is this lack of design 

considerations in the building construction which has frequently resulted in higher heating consumption, as 
well as moisture and air quality problems. Clearly, good predictive design methods will minimize the 

problems associated with air infiltration in both new and existing high rise buildings. 

1 The high-rise building is defined as a building with eight storeys or higher (20 m or higher). 



Peak Electric Consumption In 
High-Rise Residential Bulldlngs 
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Figure 1: The peak electric demand in high-rise residential buildings varies between 55 and 100 W/m2 of 
floor space during the heating season --- the air leakage component is approximately 12 to 25 W/m2

• 

Ontario Hydro is vigorously promoting electrical efficiency improvement programs to better manage its 
electrical generation and demand. Air leakage control in high-rise residential buildings offers an important 
load reduction opportunity to Ontario Hydro. The load reduction is achieved primarily through 
improvements in the efficiency of space heating electricity use. The demand reduction opportunities offered 
by air leakage control (weatherization) in buildings need detailed examination in developing a sound DSM 
program. 

The following elements are important in establishing such a program: 

- an air leakage assessment procedure to establish the load reduction potential and the benefits to 
Ontario Hydro and building owners; 

- the demonstration of air leakage control in high-rise buildings and verification of the electrical load 
reductions; and 

- . a preliminary assessment of how much impact such "weatherization" can have on Ontario's high-rise 
residential building stock. 

· \'Alr'·:Le~t<ag~~c~tl~.W.L:1~ . .t1.i9h-Rise Buildl119sr:, ··:< .. ·.',./:·[rt~~ '.'.:;1r:~~l~Hiti{~i~~gi,ff:~~~f~~~:!?:'.~,:;.\ .':-~~,;-. ,_:_ ._, : ~_:. 



Average Annual Energy Use in Four 
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Figure 2: The annual energy consumption in high-rise residential buildings vary from 170 to 300 
kWh/year/m2 of floor space depending on the climate. · 

1. 1 Ob!ectives 

The objectives of this project were set out. as follows: 

- to develop practical design procedures for estimating potential reductions in peak power demand and 
energy consumption through air-sealing of existing high-rise residential buildings; 

to develop from that an air-sealing assessment procedure and practical guid~lines for air sealing 
practitioners; 

- to test airtightness of two buildings before and after air-sealing to verify the assessment procedure and 
show the reductions in electric demand; and 

- to calculate the potential benefits to Ontario Hydro in terms of peak demand reductions and energy 
conservation through air-sealing Ontario's high-rise residential stock . 
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1.2 Approach 

The project objectives were achieved by implementing the work plan shown in Table 1. Literature on state­

of-the-art technology was reviewed to gain insight into the current research and practical developments 

related to modelling and assessment of air infiltration in high-rise buildings. The project team negotiated 

with several building owners for their willingness to participate in this demonstration project. After three 

to four moD:ths of rigorous negotiations, the project team was able to obtain permission from two high-rise 

building owners for their participation. A twenty-one storey building located in Ottawa, owned and operated 

by Ottawa-Carleton Regional Housing Authority (OCHRA), and a ten storey building in Toronto, Bridleview 

Condominiums, were selected for the demonstration of air leakage control. Ontario Hydro assisted in the 

installation of continuous monitoring of electrical consumption. 

Task 1: 

Task2: 

Task3: 

Task4: 

TaskS: 

Task 6: 

Task 7: 

Table 1: Scheduled Work Plan. 

WORK TASKS 

Establish the knowledge base and develop first concepts for air-infiltration model for high-rise buildings. 

Select two electrically heated typical high-rise residential buildings for demonstration of weatherization 

concepts. Install and commission continuous monitoring equipment for electrical consumption in these 

buildings. 

Develop the "first-cut" air-sealing assessment procedure and predict the potential reductions in peak 

heating demand and energy conservation for two buildings. 

Conduct the following field tests of high-rise buildings before air~sealing: 

• air leakage detection: visual, thermographic and selective depressurization 

• predictive diagnosis using the air-sealing assessment procedure 

• air-quality tests (radon, formaldehyde, co, co2, temperature and relative humidity) 

- selection of air-sealing techniques and methods 
• perform the whole building airtightness tests using the CMHC protocol for high-rise buildings 

Implement air-sealing work on these buildings. 

Conduct the filed field tests after air-sealing of these buildings: 

• balancing and tuning of mechanical ventilation system 
• measure changes in the space heating load, mechanical ventilation ioad, and energy consumption due 

to reduction in air leakage 

• air-quality tests at locations done before air-sealing 

• perform whole building airtightness tests using the CMHC protocol for high-rise buildings 

Verify the predictions with measured energy consumption data and modify the air-scaling assessment 

procedure. 

Task 8: Prepare the air-sealing assessment procedure, design guidelines and a manual for air-scaling practioners. 

Task 9: Estimate the preliminary potential benefits to Ontario Hydro in terms of reductions in peak demand and 

energy consumption through air-scaling of Ontario's electrically heated high-rise residential building stock. 

Task. 10: Prepare a final report and present results. 
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A detailed air-flow model was developed for high-rise buildings. This model was used to estimate the air 
leakage rate in buildings during peak design conditions. The model requires the distribution of air leakage 

paths in the building. Field inspection and energy audit was performed on these test buildings. A "first-cut" 
estimation of air leakage rate in the building was determined for different winter weather conditions such 

as cold, moderate and mild. Several sets of field tests were performed to establish the "before and after air­
sealing" characteristics of the buildings. Air quality tests were performed to study the effects of air-sealing 
on indoor air quality. Airtightness tests were conducted to characterize the whole building envelope 

airtightness. The air-sealing work was implemented in pre-determined steps to obtain maximum insight into 

the importance of several types of building components in air-leakage control. 

Energy consumption monitoring was started about a month prior to air-sealing and continued for more than 
four months after air-sealing. The monitored energy consumption data were compared before and after air­
sealing to estimate the reduction in peak heating demand. A comparison was also made with the "first-cut" 
estimates. The air-flow modelling was modified and calibrated accordingly. A simplified air-sealing 
assessment procedure was developed for pr~ctical applications. Design guidelines and a manual provide the 
necessary tools for the estimation of potential benefits and the implementation of air leakage control in high­

rise residential buildings. 

1.3 Report Organization 

The project deliverables are submitted in the following components: 

1. Air leakage control estimation procedure for the air-sealing practioners to evaluate potential 
reductions in the peak power and energy consumption, to estimate the preliminary air-sealing costs, 

and to prioritize the air sealing work. 

High-RJse Residential Weatherizatlon: Procedure for Assessing Air Leakage and Potential Control 
in Electrically Heated Residential Buiidings of Eight Storeys And Higher. This report provides the 
necessary forms for field inspection, calculation of air leakage rate, estimation of peak power and 
energy consumption, the costs of air-sealing and prioritizing the air-sealing work. An accompanying 

Gulde describes the use of these forms. The report includes the following sections: 

- Building Audit and Field Inspection 
- Estimation of the Uncontrolled Air Leakage Component 
- Determination of Air Sealing Priorities 
- Development of Work Plan for .Air Sealing of the Building 

- Guide 

2. Final project report gathers all relevant aspects of the project (this document). It is divided into the 
following sections: 

- Development of air-sealing assessment procedure 
- Field demonstration 

Implementation of air sealing in high-rise residential buildings 
- Validation of assessment procedure 
- Conclusions and recommendations 



2. DEVELOPMENT OF AIR·SEALING ASSESSMENT PROCEDURE 

Air leakage is often of considerable importance to the energy performance of a building. The inward leakage 

of air is known as air infiltration and the outward air leakage is known as exfiltration. Mechanical ventilation 

is considered distinct from air leakage and is the intentional supply or removal of indoor air. 

In most electrically heated high-rise residential buildings in Ontario, the peak space heating demand varies 

from _ 35 to 70 W/m2 of floor space. During the peak winter conditions (below -18 deg C ambient 

temperature and more than 18 km/hour wind velocity), the air infiltration component contributes to he~ting 

load by 12 to 25 W/m2 
- roughly 25 to 40% of peak heating demand. Any reduction in such uncontrolled 

air infiltration, without sacrificing indoor air quality, will have the potential to reduce the peak heating 

demand. 

Air leakage can occur through pores in materials, cracks, holes, or other openings. In some cases, such as 

cracks around windows or doors, air-leakage paths can be identified and measured; but in other situations 

the nature and location of the leakage openings are not known in detail. The openings may be torturous 
paths through porous materials, thin laminar passages formed by cracks and joints, or holes of various shapes 

and sizes. 

The heating loads due to uncontrolled infiltration predominantly depend on the in and out air~flows from 

the building at the peak ambient conditions. The cold air infiltrating into the building adds to the heating 

load while the air exfiltrating out of the building causes loss of heat to the outdoors. A simplified calculation 

method developed here is based on the building envelope air leakage area and pressure distribution. Flow 

balance of air inflow and outflow through the building is used to determine the neutral pressure plane. The 
net air inflow or outflow is then used to estimate the infiltration heating loads. 

The air sealing estimation procedure addresses four concerns: 

1. What is the air leakage in the building? 

2. How much reduction in peak ~emand is possible with air leakage control? 

3. What will be the air sealing priorities and effectiveness for achieving maximum ratio of reduction in 
kW to the air sealing costs? 

4. Is the estimation procedure simple enough to be used expressly for practical field applications and 

what would be the sensitivity of such estimates in energy and power reduction? 

The air leakage control in buildings also raises the following questions from the users and air-sealing 

practitioners: 

- How tight can buildings be and still supply adequate ventilation and maintain indoor air quality? 

- How much of an impact will weatherization have on the utility's demand and supply management 

objectives? 
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This section describes the theoretical aspects of air infiltration calculations, the development of a detailed 

air infiltration model, and a simplified air infiltration assessment procedure. 

2.1 Theoretical Considerations 

There are three key factors which affect air infiltration in high-rise buildings: 

- the overall tightness of the building, 

- the climatic (temperature and wind) influence, and 
the topographic environment in which the building is located. 

Air infiltration in the building constitutes part of the space-conditioning load (heating plus cooling) 

depending on the influence of the above factors [ASHRAE, 1989]. Air infiltration increases a building's 

thermal load in three ways. First, the incoming air must be heated or cooled from the outdoor air 
temperature to the indoor air temperature. Second, air exchange changes the moisture content of the 

building, particularly in the summer when the humid outdoor air needs dehumidification. In winter months, 

the heating load due to humidification should also be considered as an additional power consumption due 

to air infiltration. Finally, air exchange can increase the thermal load by decreasing the performance of the 

envelope insulation system. However, the effect of such insulation deterioration is difficult to quantify. 

The rate of energy consumption due to air leakage is therefore a combination of sensible and latent heat 

load, which is given as 

q=q~ +q, (1) 

The energy required to warm outdoor air entering by infiltration to the temperature of the room is given by: 

q
6
=QpC,(T,-T,) (2) 

where, 

q. = sensible heat load, W 
Q = airflow rate, Lis 

p = air density, kg/m3 (about 1.2) 

cp = specific heat of air, kJ/(kg C) (about 1.0) 

T, = indoor temperature, (20 °C) 

To = outdoor temperature 

Using standard air p = 1.2 kgim3
, and CP = 1.0 kJ/(kg C), the above equation simplifies to: 

AfriLeakage:·contr~i ;1'1 1Hlgh~Ri~~· BV,ildings.-~"-:· _ .. ; 
'< . ·~ ,. ·-~· ~ !_ ••• - ' - • ~ . ;- •• -·': 

~j:;rf f~J.J~~:~\~i~f ;:;(~~;i;r. ,· 



q,,=1.2Q(T1-T) (3) 

When moisture must be added to the indoor air to maintain winter comfort conditions based on indoor 
relative humidity, the energy needed to provide humidification is calculated by: 

q1=Qh1/~W (4) 

where, 
latent heat load, W 
latent heat of vapour, k.J/kg (about 2450) 

CL = 
hie = 
!J..W= humidity ratio of indoor air minus humidity ratio of outdoor air, kg of water/kg of dry air 

Using the standard air p = 1.2 kg/m3 and latent heat of vapour ~9 = 2450 kJ/kg, the above equation 
reduces to: 

q1=2940Q(W,-W) (5) 

The outdoor temperature used for designing the heating system depends on the location and this can be 
found from published weather data found in the National Building Code or the Ontario Building Code [NBC 
1990 and OBC 1990]. Table 3 lists the winter design conditions for selected Ontario locations. The 
estimation of heating loads due to infiltration predominantly depends on the in and out air-flows (0) from 
the building. It is this air leakage rate, Q, which needs to be properly estimated in high rise buildings. 
Determination of this unknown air leakage rate, Q, is one of the prime objective of this project. The 
following sections deals with the method for determining the air leakage rate in the building. 

. . 
2.1.1 Weather Conditions 

Air leakage in the building is solely dependent on the combined pressures due to wind and temperature 
difference. The incidence of peak heating demand in a building may occur during the following ambient 
conditions: 

1. very cold and high wind speed for a period of more than one hour (severe weather condition - such 
weather may occur once in 100 chances) 

2. very cold and moderately windy (chances are 1 in 15) 
3. very cold and calm (quite a normal condition and chances are 1 in 10) 
4. moderately cold but windy (chances of such weather are 1 in 10) 
S. mild and windy (one chance in 10) 
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The pcak generating rcquiremont for the utility gcnorally occrus druing working dap (Monday to Friday)
between the hous of 07:@ and 23:00 in Ontario. Porsistence of any of the first threc weather conditiong
for more than 18 to 24 hours, may result in an overall inaease in the power gcnofation requirement due to
additional requirements for building space heating due to highe" rates of air infiltration [Striclcer 197fl. The

electrical s,,stem condition in Ontario generally falls ou tbe coldest working weekday of the winter. The
average temperature during the 16-horu systen peak period (07:00 to 23:00) was recorded for past 12 heating
seasons in Toronto. Figure 3 shows the scatter of the dat4 which average -15.1b 23"C, The mean can

be compared to Toronto's desigp temperatue of -18 oC.

The above mentioned wea&er conditions are primarily responsible for increasing the uncontrolled air leakage

in buildings. As an examplg the air leakage at an indoor/outdoor'temperatrue difference of 22 degC (with
2.5 m/s wind) is O.{LlJs.m2,while at a temperature difference of 37 degC (with 6.7 mts wind) the rate is
0.20 L/s.m2 of floor area. The hcating s'4stem is generally designed to meet this later peak heating
requirement, where the leakage role has risen e,:cponentially.

fn high-dss buildings, the space hcating loads are calculated using the January 25Vo design criteria as

recommended by ASHRAE design guidclines and various building codes and practises. Thc air-infiltration
loads are geuerally determined using the January 2.5Vo desig" crileria (mer"i"g that the anbient conditions
remained for at least a period of 2.5Vo of the time - approximately 18 horus -- in January), and an average
value of wind speed occurred during this time. The seasonal energ sonsn"'ptiol due to air leakago may
be related to the aver4ge infilFadqa rate during 1f,s f,sating season, but the heating system may have to be
sized to care for the mudmum air leakage rate to be orpected over a 1?- to ?hhour period. Trible 2 lists
the climate conditions for some Ontario locations.
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Flgure 3: Average temperature during s),stem peals in Toronto during the heating season.



Ajax
Barrie
Brampton
Burlington
Cambridge
IGpuskasing

Kingston

Kitc,hener

Loudon
Mississauga

Niagara Falls

Ottawa
Sudbury
Toronto
Windsor

t2.5
8.4

t02
11

92
8.8

106
9

11.3

n
10.5

t2.5

9:l
115

9

26

18

2,
24

m
19

23

?A

24

u
23

n,
2t
25

2t

-n
-a
-19

-ft
-18

-33

-22

-19

-18

-18

-16

a5
-?a

-18

-16

4080

4575

432t
3818

4100

6438

4EL
4L45

4133

4000

ffiz
6v
5M3
%46

%n

Mean1in 10

Winter Desip
Tempcraturc
25%, deg C

Iocatlon
Wind Speed

ds
Dcgree Days

below 18 C

Tsble 2: Wnter desigp condltions for selected Ontario locations.

or mofe.over a

2.1.2 lnliltration Driving Forces

The forces driving air exchange are exeited hy the natual actions of wiud and temperature lstack effect)

and by the pressures induced by the operation of mechanical ventilation rystenui. The indoor and outdoor

pressurc difference at a location depends on the magnitude of these driviog forces as well as on the

characteristics of tbe openings in the buildi'g envelope. The net pressure difference between inside and

outsidc depends on the air-flow balance. The air-flow into the building equals the air-flow out. Considerable

simplificarion of the true pressure distribution is necessary to predict the peak infiltration rates into the

buitding. Wind effects due to momentarily occurring lish velociry wind gusts arc difficult to cvaluate;

however, due to the tbermal mass of the buildi"g such brief wind gusts may not havc noticeablo irnpact on

space heating loads or peak heating demand [Hutcheon and Handegord 1983J.

Wind Prsssures

Wind is characterised by random fluctuations in velocity which, when averaged over a fixed period of time,

holds a mean value of speed and direction. The strength of wind is a fuaction of height, tenain, and

shielding. On impinging the surface of an exposed building wind deflection induces positive pressure oa



the windward side, and negative on the leeward side. Pressurcs on the other sides are negative or positive,

depending'on the wind angle and building shapc. The time-avcraged pressurs xsting at any point on tho

surface of a buildi"g can be represented by the equation

P*={ec*lPll2 (6)

P, = surface pressrue due to wind, Pa

= proSSUr€ coefficient

= wind speed, n/svH

Generally, non-site" data for the wind speed and pressure coefricient is rarely available and therefore
measurements taken from the nearest weather station must be used in detcrmining the local wiud speeds.
The shielding effects of trees, shrubbery and othcr buildings in the vicinity produce large-scale wind
scparation which altcrs the wind specd and direction locally. Therefore, the metrological wind speed data
must be corrected to account for the building height, terrain and shielding. The following method is
suggested hers to determine thc local wind prcssures [ASHRAE 1989]:

The wind speed Vr., from the metrological station is measured at a heigbt H-,, usually about 10 m, in
open flat terrain. The reference wind velocity at the same height in the local buildi'g terrain V, is given
by,

Vru=AoVno

where constant d depends on local terrain roughness. The wind speed V" at the wall height H depends
on the velocity profilc and is described as,

Vr=Vr{Hfil,}'

Table 3: Coeflicients for determining wind velocity, Vn.

wherc,

ce,,

(7)

(8)

0.400.35Urban (high-rise buildings in
populated districts)

0.280.60Suburban (cluster of low-rise
buildings)

0.15r..0Airport (building in a flat terrain)

aA"Terrain



the windward side, and negative on the leeward side. Pressures on the other sides are negative or positive, 
depending" OD the wind angle and building shape. The time-averaged pressure acting at any point on the 
surface of a building can 'be represented by the equation 

where, 

PW 
cpw 
VH 

p w =(pCpwfli)/2 

= surface pressure due to wind, Pa 
= pressure coefficient 
= wind speed, m/s 

(6) 

Generally, "on-site" data for the wind speed and pressure coefficient is rarely available and therefore 
measurements taken from the nearest weather station must be used in determining the local wind speeds. 
The shielding effects of trees, shrubbery, and other buildings in the vicinity produce large-scale wind 
separation which alters the wind speed and direction locally. Therefore, the metrological wind speed data 
must be corrected to account for the building height, terrain and shielding. The following method is 
suggested here to determine the local wind pressures [ASHRAE 1989]: 

The wind speed V me• from the metrological station is measured at a height H,.,, usually about 10 m, in 
open ~at terrain. The reference wind velocity at the same height in the local building terrain V,., is given 
by: 

Y,r1"'A. 0 Y.,., (7) 

where constant A
0 

depends on local terrain roughness. The wind speed V H at the wall height H depends 
on the velocity profile and is described as, · 

V8=Y~J.HIH,,,)
0 (8) 

Table 3: Coeflicleots for determining wind velocity, V H' 

Terrain Ao a 

Airport (building in a flat terrain) 1.0 0.15 

Suburban (cluster of low-rise 0.60 0.28 
buildings) 

Urban (high-rise buildings in 0.35 0.40 
populated districts) 
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The wind pressure coefficient (Cpw) depends on building shape, wind direction, and the influence of nearby 
buildings, vegetation, and terrain features. The air infiltration rates can be reasonably estimated using the 
average wind pressure coefficients derived for high-rise buildings [ASHRAE 1989]. The wind angle is 
measured from a perpendicular to the main dimension of the building (generally front dimension of the 
building). The orientation of building is determined using the ASHRAE terminology as shown in Figure 5. 

For the design heating load, the wind pressure coefficient is generally estimated at an average of the wind 
angle 0 and 30 degrees. The average wind pressure .coefficient, C,_, ranges from 0.25 to 0.40 for most 
buildings, in most Ontario locations [derived from explanation presented in NBC 1985]. 

The wind p~essure is calculated using equation (6). The time-averaged wind pressures do ·provide a 
satisfactory estimation of infiltration loads in high-rise buildings. Figure 4 shows a typical wind pressure 
distribution. 

· Height of Building (m) 
70 I I l : I 
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Figure 4: Wind Pressure Distribution (ideal) 
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Stack Pressures 

Table 4: Averaged Wind Pressure Coefficient, c,.. 

Wind Angle uw = 1 
(degree) 

o 0.62 
10 0.60 
20 0.58 
30 0.5 
40 0.37 
50 0.25 
60 0 
70 -0.2 
80 -0.37 
90 -0.6 

- gt .. , 

Wind Angle 

uw = 0.25 

0.62 
0.60 
0.55 
0.40 
0.25 

0 
-0.25 
-0.50 
-0.62 
-0.62 
.. 

Length 
t-- --j 

. .. 

T rdlh 
Figure 5: Building Orientation 

uw = 4 

0.62 
0.60 
0.58 
0.52 
0.45 
0.37 
0.22 
0.10 
-0.10 
-0.25 

g 

The stack effect arises as a result of differences in temperature, and hence the air density, between the 

interior and exterior of a building. This produces an imbalance in the pressure gradients of the internal and 
external air masses, thus creating a vertical pressure difference. When the internal all: temperature is higher 
than that of the outside air mass, air enters through openings in the lower part of the building and escapes 
through openings at a higher level. The level at which the transition between inflow and outflow occurs is 
_defmed as the neutral pressure plane (NPP). The stack pressure is expressed relative to the level of the 

lowest opening or a convenient datum, for example ground level. 
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In high-rise buildings, the significance of the stack effect must be considered for a number of configurations. 

These are: 

- building with isolated floors, 

- building with semi-isolated floors, 
- uniform internal temperature distribution, and 
- non-uniform internal temperature distribution. 

The high-rise residential building is generally treated as a building with isolated floors with uniform internal 
temperature. The .pressure difference due to stack effect at height h21 with respect to the pressure at hl is: 

where, 

P. _ 
p 

T1 

To 
h 

= 

= 

= 

= 

= 

P.=pg(hl-h2)[T,-TJIT
0 

pressure difference due to stack effect, Pa 
air density, kg/m3 (about 1.2 at an average of indoor and outdoor temperature) 
indoor temperature, K 

outdoor temperature, K 
building height, m 

(9) 

The pressure difference ind~ced by the stack effect is roughly estimated as 0.04 Pa/(K.m). Therefore, in a 

30 storey building With a 90 m height, an NPP assumed at one-half the building height, and an 

indoor/outdoor temperature difference of 30 K, the stack pressure will be approximately 54 Pa (90/2 m • 30 

K • 0.04 Pa/(mK)). 

The above equatfon provides a maximum stack pressure difference, given no internal airflow resistance. 

However, real multistorey buildings are neither completely open from inside nor airtight between the floors. 

Vertical air passages, stairwells, elevators, and other service shafts allow airflow between floors. The ratio 

of stack pressure of a building to the stack pressure derived from theoretical calculations (considering no 

.internal airflow resistance) is termed as tliennal draft coefficient. The corrected local stack pressure can be 
calculated as 

P ~=P. •ThemwlhraftCoefficient 

The location of NPP at zero wind speed depends on the vertical distribution of openings in the building 

envelope, the resistance of the openings to airflow, and the resistance to vertical airflow within the building. 

Internal partitions, stairw~lls, elevator shafts, utility ducts, vents, and mechanical supply and exhaust systems 

should be considered in estimating the local stack pressure. Maintaining airtightness between floors and 

from floors to vertical shafts is a means of co~trolling Uidoor-outdoor pressure differences, and therefore 
infiltration. 
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Table 5: Suggested Thermal Draft Coefficient [ASHRAE 1989 and AIVC 1982] 

Building with isolated and sealed floors (tight) 

Building with semi-isolated floors (average) 

Building with poorly isolated floors and several through shafts (loose) 

High-rise residential building with 2 elevator shafts, 2 stairways, garbage 
and service shafts 

Height of Building (m) 
70 ....----... 

60 

50 

40 

30 

20 

10 

. Thermal Draft 

Coefficient 

0.6 to 0.7 

0.7 to 0.85 

0.86 to 0.95 

0.80 to 0.90 

o~~--_._~~~..___~~-'-~~~..___~~---~~___. 

·60 . 4 0 . 20 0 20 40 60 
Slack Pressure (Pa) 

Outdoor temperature 255 K 

Figure 6: Pressure acting across building envelope due to the difference in indoor and outdoor temperature 
(ideal). 
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Mechanical Ventilation 

The effect of mechanical ventilation on envelope pressure differences depends on the direction of the 
ventilation flow (exhaust or supply) and differences in these ventilation flows among the zones of the 
building. If mechanically supplied "conditioned" air is provided uniformly to each storey, the change in the 
exterior wall pressure difference pattern from stack pressures is uniform. With a non-uniform supply of 
outdoor air (for example, to one storey only), the extent of pressurization varies from storey to storey and 
depends on the internal airflow resistance. 

The mechanical ventilation in most high-rise buildings is designed to provide uniform fresh 8ir flow to each 
floor. Me.chanical ventilation may exert a constant pressure of 0.5 to 4 Pa depending on the airtightness of 
the building shell. The ground level may be generally pressurized more than the other floors to reduce the 
stack pressure across entry doors. 

2.1.3 Combined Infiltration Driving Forces 

The wind, stack and mechanical pressure differences are summed to obtain a total pressure at each opening. 
Because the airflow rate through envelope openings is not linearly related to pressure difference, the 
resulting individual pressure differences should be combined by algebraic sum, as opposed to adding the 
airflow rates.due to separate driving forces. The combined pressure at any height his given as: 

P11 =Pw1+P~1+Pw,,, (11) 

The relative importance of the wind and stack pressures in a building depends on building height, internal 
resistance to vertical airflow, local terrain, and shielding of the building. The taller the building and the 
lesser the internal resistance to airflow, the stronger the stack effect. The more exposed a building, the more 
susceptible it will be to wind. 

Another model to compute the total airflow rate is based on the rate being proportional to the square root 
of the pressure difference. The separate stack and wind components of air infiltration values are added in 
quadrature to obtain the total infiltration rate due to combined wind and stack pressures. 

where, 

OWi = 
Q = w 

a. = 

total air infiltration, L/s 
infiltration due to wind, Us 
infiltration due to stack, Us 

Ow.=<Q!+O!l'Ai (U) 
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Figure 7: Wind, Stack and Ventilation Pressure Distribution. 

Using computer-model studies of multistorey office buildings, the combined wind and stack flows were 

related using the following empirical equation [Shaw 1977]: 

where, 

0 1,9 
is larger value of Ow and 0, 

0 1m1 is smaller value of Ow and 0, 

Q ws = 1 +0.24[ Q s:tnl]
3
'
3 

Q,,, Q,,, 
(13) 

QWI is shown to be 24% greater than either Ow or a •. when Ow = a,. The quadrature Equation (12) may 
be compared with the value of 41 %. As shown in Figure 9, equation (12) gives an estimate maximum of 14% 

larger than Equation (13). In most practical cases the ratio of Q,m/01,11 
varies from 0.4 to 0.6; at these values 

the combined flow estimation from the above two methods differs by less than 6%. In the present work, the 
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Figure 8: Combined infiltration driving pressures at different weather conditions (ideal). 

quadrature method has been used. Figure 9 shows the typical air-flows due to stack Q1, and wind Owt effects 

and the combined air-flows Ows, in a typical 22- storey high-rise residential building. 

2.1.4 Relative Effects of Wind, Stack and Mechanical Ventilation on Air Leakage Rate 

Stack effect for a building 60 m high and operating at a 35 K temperature difference with a thermal draft 

coefficient of 0.8 will be about 34 Pa. This pressure difference will be effective in producing infiltration on 

all sides of the building at ground level, and exfiltration at the roof decreasing with height to zero at the 

neutral pressure level (approximately half-height of the building); substantial pressure differences will be 

maintained over much of the heating season. The corresponding wind pressures for a location such as 

Ottawa are variable with ~e. The average wind speed is about 6.67 mis, producing a pressure of about 12 

Pa at 60 m at an urban site. A balanced mechanical ventilation system maintains a constant pressure 

difference of 1 to 4 Pa across the building envelope depending on the airtightness. The air-flow rates due 

to· stack, wind and mechanical ventilation depend on these driving forces. For a 60 m high residential 

building located at an urban site in Ottawa, during peak winter conditions (35 K temperature' difference and 
6.67 m/s wind), the air leakage rate due to stack effect will be roughly 0.45 ]/s.m2

, wind effect will be 0.15 
]/s.m2 and mechanical ventilation flow rate will be roughly 0.35 ]/s.m2 of floor space. The combined effect 

of these flows will produce an air leakage component of 0.58 ]/s.m2 of floor space. 
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Figure 9: Comparison of Quadrature method and empirical method for determining the combined air 
leakage rate. The maximum difference between these two methods is 14% when the Qs = Qw. 

The significance of such comparisons depends on whether one is interested in average or in maximum results. 
Seasonal energy consumption may be related to the average infiltration rate, but the heating system may have 
to be sized to care for the maximum average rate expected over a 12- to 24-hour period. For tall buildings, 
the infiltration rate based on stack action alone may be all that is required for many purposes of peak 
heating demand calculation, and of course, it is less troublesome to estimate than infiltration from wind 
action. As a peak demand reduction strategy, one should evaluate the maximum ~verage leakage rate 
expected over a 12- to 24-hour period. 

2.1.5 Air Leakage through Building Enclosures 

The airtightness or the air leakage distribution in high-rise buildings can be assessed in two ways: 

- by the whole building airtightness test using a calibrated fan, 
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Figure 10: A typical estimation of Q,, Qw and Qws for a 20 storey building. 

- the qualitative assessment of air leakage paths and characteristie!) using visual inspection, thermography, 
smoke-pencils, draft meters and suite depressurization. 

The whole building airtightness test using a large axial fan(s) is the more accurate and reliable method for 

determining the air leakage characteristics of the building envelope. The literature review shows that this 
method has been extensively developed and practised in the field for research purposes. Field tests were 
conducted for developing the knowledge base and understanding air infiltration and exfiltration in high-rise 
buildings. A large axial fan of 24 m3/s (50,000 CFM) capaclty is used to depressurize the building. The 

airtightness is determined using the test method as described in the CMHC 1990 report "Establishing the 
protocol for measuring air leakage and air flow patterns in high-rise buildings". The fan test requires specific 

weather conditions: an indoor/outdoor temperature difference of less than 10 C, and wind speed lower than 

5.6 mis (20 km/h). 

Such whole-building fan testing is too costly for general commercial applications due to the need for: (i) 
full access to all suites (apartments) in the building, (ii) favourable weather conditions, and (iii) skilled 
rigging and operation of the fan and many accessories. Nevertheless the whole building test is both a 
definitive research tool and a verification or quality control tool for sampling checks on commercial work. 
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The qualitative visual assessment method is not definitive, but it is potentially much less costly and more 

broadly useful for commercial application to much of the high rise building stock. The air infiltration or 

exfiltration flows in the building can be estimated by evaluating various leakage paths in the building. The 

leakage distribution in buildings is a function of the style of construction which, in turn, is a response to the 

climatic conditions, the prevailing architectural fashion, and the building code requirements at the time of 

_construction. The leakage distribution, being largely accidental, differs substantially in each building. The 

amount of the building's leakage which cannot be attributed to components such a5 windows, doors and 

shafts (also known as background leakage) depends to a degree on prevailing construction practises. 

One of the objectives of this project is to identify the relative air leakage importance of different components 

of the building. Such a ranking of air leakage through different components would assist in a cost effective 

selection of air sealing priorities which would result in a maximum reduction in peak heating demands (i,e. 

to obtain high ratio of kW saved to the cost of air sealing). The building components are divided into five 
different groups: · 

1. Windows: In most high-rise buildings, windows account for 15 to 35% of the total perimeter wall 

area. Air leaks through the perimeter of operable window, and window sashes and glazing units 

contribute substantially to uncontrolled air infiltration. The wall and window junction is also a prime 

source of air leakage. The Window Standard CSA-A440 grades the windows according to the 

classifications shown in Table 6. 

The operable windows exert wear and tear on weatherstripping and sliding rails which increases the 

air leakage drastically. As an example, a double slider window installed in the Bridleview building 

(with an original A2 classification) showed air leakages almost three times higher when tested at 

75 Pa. The window leakage differs widely among different types. Windows that seal by compressing 

the weatherstrip (casements, awnings) have significantly lower leakage than windows with sliding seals. 

For implementing air leakage control measures, windows which show characteristics of average or 

loose should be considered. Windows which are air "tight" should not be considered for retrofit 

Pleasures. Table 6 can be a guide in determining the tightness classification. 

Table 6: Air leakage classification as per Window Standard CSA-A440 

Window Maximum air leakage rate per Leakage Rate at 4 

Rating unit of crack length at 75 Pa Pa. 

m3/hr/m m3/hr/m 

Al 2.79 0.36 

A2 1.65 0.21 

A3 0.55 0.07 
Fixed 0.25 0.03 
Storm 5.00 to 8.35 0.64 to 1.1 

If the windows exhibit airtightness characteristics similar to their original design condition, windows 

need no weatherstripping or caulking. If the air leakage characteristics show deterioration in the air-
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sealing, windows should be considered for weatherstripping. The airtightness is classified in three 
distinct groups: tight, average and loose. "Tight" signifies the near perfect seal between the sliding 
elements. If the window sliding pane is easily sliding and exhibits "smoke• deflection, the window is 
considered as an "average" air leaky. Weatherstripping of such windows will result in improving the 

airtightness. Of course, the "loose" condition may be observed when the sliding panes are loose, and 

there is substantial air leakage through the perimeter of a window. These windows should be 

considered for weatherstripping and/or caulking. Schelegal window testing equipment is 
recommended to conduct in-situ window airtightness tests. 

2. External Doors: In most high-rise buildings, either wooden doors or glass patio doors account for 

6 to 12% of the total perimeter wall area. Air leaks through the perimeter of operable doors and 

the door frame and glazing unit contribute to uncontrolled air infiltration. The wall and door 
junction is also a source of air leakage. 

The doors exert wear and tear on weatherstripping and sliding rails which increases the air leakage 

drastically. 

3. Building Envelope: Building component junctions contribute to air infiltration. These are: 

- basement and first floor junction, 

- perimeter wall and floor interface for the bottom and top zones of the building, 

- roof and wall gap, 

- baseboard heater wiring where it penetrates wall and floor zones, 

- the partition-foto-wall junctions, 
- the wall and window or door junctions, 
- interior partitions provide pathways into each floor space and to ~erior wall space, 
- eXterior light fixtures, 
- basement walls and slab floor junctions, and 

plumbing and piping holes. 

4. Elevator Shafts and Service Shafts: In high-rise buildings, elevators, stairwells, service shafts and 

vertical plumbing or electrical stacks comprise a significant part of the total air leakage. These 

components allow free air flow patterns due to stack effect. It has been shown that sealing or 

isolation of these shafts reduces the air leakage in the building by 10 to 25%. The air sealing can be 

done around cables and chain drives, the perimeter of the penthouse, stairwells, ftre doors, penthouse 

at roof and garbage chute hatches. 

5. Miscellaneous 

There are other smaller components in the building which contribute to air leakage. If these 
components are not properly sealed, they may contribute to a large proportion of air leakage in the 
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buildin_g. These components are: 

- backdraft dampers on suite exhaust fans 

- ducting for suite exhaust fans behind grills 
- inspection hatches 

- laundry chute exit 
- ducting for exhaust fans in kitchen and bathrooms 

Table 7 provides the effective crack width for different building components for three categories of buildings. 

These crack widths arc suggested values for the air-sealing practitioners. 

The field inspection of various air leakage paths involve the following steps: 

- Examining the air leakage ·paths: Any crack or opening in the building envelope which allows the 

transfer of outdoor air to indoor, or indoor air to outdoor, is considered as a clear air leakage path. 
The air leakage path may be a straight forward or through a torturous windings. It ~ essential that 
during the field visit, assessor should be able to identify air. leakage paths through visual inspection 

and/or with simple in-situ tests. 

- Determining size of air leakage path: Once the air leakage path is located, assessor should measure 

the size of this air leakage path. For envelope cracks or window and door perimeter leaks, length of 

such paths can be measured. Elevator shafts, garbage chutes, service shaft opening leading to outdoor 

can be measured. 

- Determining the class of air leakage: The severity of air leakage is classified in to three groups: tight, 

average and loose. Visual inspection, smoke pencilling, suite fan dcpressurization tests, in-situ window 

tests assists in determining the class of air leakage. The relative significance of air leakage classification 

is important. If the air leakage path is classified as "tight", there is no need to implement air sealing 
of that component. "Average" and "loose" signifies the need for considering the building component for 

air sealing. Table· 7 shows the width of building envelope air leak paths. 

The air leakage area is thus determined using the size and classification of air leakage path. Field inspection 

should include complete building envelope and roof. Appendix B shows the field inspection report of a 21 
storey multi-residential building. The details of field inspection are vigorously covered in the air leakage 
assessment procedure presented in the following sections. 
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Table 7: Effective Crack Width for Different Building Components (Derived from various sources listed in 

the references.) Dimensions in metres are more appropriate. Conversion to inches is approximate. 

Tight Average Loose 

m in m in m in 

SILL FOUNDATION ·WALL 

Caulked, per meter of perimeter 0.0002 11128 0.0003 1196 0.0004 1164 
Not caulked, per meter of perimeter 0.0004 1164 0.0005 1148 0.0008 1132 

JOINTS BE1WEEN CEILING AND 

WALLS (if there is no vapour barrier) 0.0002 11128 0.0003 1196 0.0004 1/64 

WINDOWS (per metre of window 
perimeter) 

Casement 
Weatherstripped 0.00013 l/192 0.0003 1196 0.0005 1148 
Not weatherstripped 0.0002 11128 0.0005 1148 0.0008 1132 

Awning 
Weatherstripped 0.00015 11160 0.0003 1196 0.0005 1148 
Not weatherstripped 0.0002 l/128 0.0005 1148 0.0008 1132 

Single Hung 

Weatherstripped 0.0003 1/96 0.0005 1148 0.0008 1132 
Not weatherstripped 0.0005 1148 0.0008 1132 0.001 1/24 

Double Hung 

Weatherstripped 0.0003 1196 0.0008 1132 0.0008 1132 
Not weatherstripped 0.0007 1132 0.001 1/24 0.001 1124 

Single Slider 

Weatherstripped 0.0003 1196 0.0008 1132 0.001 1124 
Not weatherstripped 0.0007 1132 0.001 1.124 0.0012 . 1/20 

Double Slider 

Weatherstripped 0.0005 1148 0.0008 1132 0.001 1124 
Not weatherstripped 0.0007 1132 0.001 1/24 0.0015 1/16 

DOORS (per metre of door perimeter) 

Single Door 

Weatherstripped 0.0004 1/64 0.0007 1132 0.0012 1/20 
Not weatherstripped 0.0007 1132 0.0012 1/20 0.0015 l/16 

Double Door 

Weatherstripped 0.0003 1196 0.0007 1132 0.0012 1/20 . 
Not weatherstripped 0.0007 1132 0.0015 1116 0.0015 1116 
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Tight Average Loose 

m in m in m in 

WALL & WINDOW FRAME 

Wood Frame Wall, per metre of window 
perimeter) 

Caulked 0.0001 1/256 0.00013 1/192 0.00016 1/160 
Partial or no caulking 0.0002 1/128 0.00025 1/100 0.0003 1/84 

Masonry wall, per metre of window 

perimeter) 
Caulked 0.0004 1/64 0.0006 1/48 0.001 1124 
Partial or no caulking 0.0006 1/48 0.0008 1/32 0.0015 1/16 

WALL & DOOR FRAME 
Wood Frame Wall, per metre of door 
perimeter) 

Caulked 0.0001 1/256 0.00013 1/192 0.00016 1/160 
Partial or no caulking 0.0002 1/128 0.00025 1/100 0.0003 1/84 

Masonry wall, per metre of door 
perimeter) 

Caulked 0.0004 1/64 0.0006 1/48 0.001 1124 
Partial or no caulking 0.0006 1/48 0.0008 1/32 0.0015 l/16 

WALL JOINTS 
Wall & floor joints, per metre of length 0.0002 1/128 0.0003 1/96 0.0004 1/64 
End wall joints, per meter of length 0.0002 1/128 0.0003 1/96 0.0004 1/64 
Wall and roof joint, perm of perimeter 0.0003 1/96 0.0004 1/64 0.0006 1/48 
Basement wall and first floor joint 0.0003 1/96 0.0004 1/64 0.0006 . 1/48 
Wall cracks, if draft is felt 0.0003 1196 0.0004 1/64 0.0006 1/48 . 

. 

ELECTRIC OUTLETS AND LIGHT (in m2) (in2) (m2) (in2) (m2) (in2) 
FIXTURES 

Electric outlets and switches 

Gasketed or caulked, m2 per outlet 0 0 0.0002 0.3 0.0004 0.6 
Not gasketed, m2 per outlet 0.0001 0.2 0.0004 0.6 0.0008 1.24 

Recessed light fixtures 

Gasketed or caulked, m2 per outlet 0 0 0.0004 0.6 0.0008 1.24 
Not gasketed, m2 per outlet 0.0015 2.33 0.002 3.1 0.0035 5.5 
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Tight Average Loose 

m in m in m in 

PIPE AND DUCT PENETRATION (m2) (in2) (m2) (in2) (m2) (in2) 

THROUGH ENVELOPE 
Pipes 

Caulked or sealed, m2 per pipe 0 0 0.0001 0.16 0.0002 0.31 
Partially sealed, m2 per pipe 0.0002 0.3 0.0006 1 0.001 1.6 

Ducts 

Caulked or sealed, m2 per duct 0 0 0.00016 0.25 0.0002 0.31 
Partially sealed, m2 per duct 0.0014 2.1 0.0024 3.72 0.0024 3.72 

EXHAUST FANS (m2) (in2) (m2) (in2) (m2) (in2) 

Kitchen Fan, m2 per fan 0.0024 3.7 0.0030 5 0.0036 5.6 
Bathroom Fan, m2 per fan 0.0005 0.8 0.001 1.6 0.002 3.1 
Dryer vent, m2 per vent 0 0 0.0003 0.5 0.0006 1 

ELEV ATOR SllAFl'S (m2) (m2) (m2) 

Walls, per m2 of exterior wall covering 0.00002 0.00003 0.00007 
elevator shafts (Leakage area/wall area) 

Openings' of elevator shafts to exterior, m2 

as found 

WINDOW AIR CONDITIONER 0 0 0.0024 3.7 0.0036 5.6 
m2 per unit installed m2 in2 m2 in2 

2.1.6 Determination of Airflow at Each Storey 

As shown in the previous sections, the theoretical model for air leakage is based on the network method 
which incl.ude the following parameters: 

- flow path distribution and characteristics, 

- building dimensions, exposure and orientation, 

inside I outside temperature difference, 

local wind speed and external pressure distribution, and 

characteristics of mechanical ventilation system. 
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The airflow rate through an opening area A is: 

where, Q 

Cd 
A 

p 

AP 

Q=C~./(2AP/p) 

== Airflow rate, m3/s 
= discharge coefficient for the opening, varies from 0.65 to 0.85 
= leakage area, m2 

= air density, kg/m3 

= pressure difference across building envelope, Pa 

The leakage paths on the exterior building envelope and shafts are classified as following: 

- the basement floor plus ground floor [Ao), 
typical floor [Ar), and 

- top floor and penthouse [AJ. 

Ar 

sum or AtJ 

Ao .Li Pg 

N lloor 

~Pr 

·-·-
~-

••• 
Qo - Exfiltration 

_ m th Floor 
Neutral Plane 

Qi - Infiltration 

Figure 11: Initial assumptions for infiltration and exfiltration flows. 

(14) 
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Assuming that there is a neutral zone at the m•h floo~ as shown in Figure 11, the infiltration rate 0 1 and 
exfiltration rate Q

0 
through the exterior wall can be expressed as the following with the inner/outer pressure 

differential AP (Pa) and leakage area A (m2): 

and . 

The airflow balance is 

.W-1 

Q1=Acr/~<2""'"'"1a-=-p dJ""""p--:0)+ E A~P/Jii> 
J-2 

N 

Q 0 = E A.zr/21.A.P )Ip) +A ~(21.A.P RV p) 
J•ltl 

Q,=Qo 

The solution to the above three equations can be obtained using the following steps: 

(15) 

(16) 

(17) 

1. Determine the leakage paths and leakage areas at each floor (visual inspection, building audit, assign 
leakage area ... ). 

2. Establish the stack pressure and wind pressure distribution and determine the net indoor/outdoor 

pressure difference at each floor. 

3. Calculate the air flows at each floor level using the above equations by assuming first that the neutral 
pressure plane occurs at the mid height of the building. 

4. Equate the air inflow and outflow (Q1 = Q,). If inflow is greater than outflow, then move the NPL 
one floor below and repeat the calculations as in Step 3. If the inflow is lower than the outflow, then 
assume the NPL one floor above and repeat the calculations. These steps should be repeated until 
a five percent difference (ideally less than one percent) between inflow (01) and outflow (00 ) is 
obtained. 

5. The air flow rate, 0 1 or Q0 , to the building is the uncontrolled air leakage. Reduction in this 
component will result in reducing the peak heating demand and energy consumption. 
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2.1. 7 Calc:ulation of Peak Heating Demand due to lnfiltratlon 

The load associated with air infiltration can be calculated from the infiltration and the enthalpy difference 

between inside and outside. The infiltration load can be treated in a manner analogous to that used for 
conductance loads; specifically, equivalent infiltration conductances can be determined. Using the infiltration 
flow rate, peak heating due to infiltration at the design weather conditions can be expressed as follows: 

q-=Q1pC/l.T 

where, 
q = heating load due to air infiltration, W 

o, 
p 

= 
= 

c = p 

air inflow rate, Us 
air density, kg/m3 (about 1.2) 

specific heat of air, kJ/(kg C) (about 1.0) 

Using standard air p = 1.2 kg/m3
, and CP = 1.0 kJ/(kg C), the above equation simplifies to: 

q-=1.2Q1(Tb-TJ 

T,, -=1'.- q,,,,unai 
1 UA 

(18) 

(19) 

(20) 

where, Tb is the balance point temperature used for infiltration calculation. It depends on the 

thermostat set temperature, conductance beat losses through the building envelope ( :xcluding 

infiltration losses), and internal loads (q1nterna1) due to lighting, occupancy and other equipment. 

T1 is the thermostat set temperature and T 
0 

is the exterior temperature. 

UA is the combined transmission and ventilation loss, WIK per m2 of floor area. 

q1nt•rnal is the internal heat gain from lights, people, equipment and solar, W per m2 of floor area 

The UA varies from 0.75 to 1.1 WIK per m2 of floor space (assuming wall insulation level RSI 2.5, windows 
with RSI 0.35, roof insulation of RSI 3.5 and an indoor/outdoor temperature difference of 35 K) in high-rise 

residential buildings. The 'Lnternal varies from 10 to 15 W/m2
• Assuming UA = 1 W/K/m2 and 'Lnierna1 = 12 

W /m2 and T1 = 20 C (293 K), the balance point temperature would be, Tb = 8 C. 

The above heating load is the total demand due to uncontrolled infiltration. The air-sealing of the building 
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has a maximum potential to reduce the peak heating demand by this amount. It is almost impossible to 
reduce the air infiltration value to zero. Proper and cost effective air-sealing will result in reducing a portion 
of air infiltration. The reduction in heat load will be in proportion to the air-sealing effectiveness. 

For most high-rise residential buildings the air-sealing effectiveness may vary from 25% to a maximum of 
40% depending on the extent of air sealing. It is safe to assume the one-forth to one-third rule in 
determining the effectiveness (S.nec11ven..J of air sealing. 

The reduction in peak heating demand due to aU: sealing will then be: 

HL~etlMction>=S._,..._•q (21) 

The HI.,nfiltra11on (reduction) should be utilized in determining the incentive for air-sealing costs. 

Calculation of the energy requirements for heating buildings can be carried out in various ways with varying 
accuracy. The most common methods are: 

- Degree-day method 
- BIN method 
- Calculation of Heat Loss Method 

For simplicity, the degree day method is used here to determine the approximate reduction in annual space 
heating energy requirements. The reduction in energy consumption is given as the following: 

where, 
E 
DD 
AT 
c 

E=(HLUVfltratlo,,CN4iu:tlon> •DD •C)/(A 7) 

= Annual reduction in space heating energy, kWh 
= Annual heating degree days, (C - days) 
= Design temperature difference, C (For Toronto, 38 C) 
= C-factor, Credit factor, hours/day 

(.22} 

T~e value of degree days is generally obtained from the weather data (as shown in Table 3). The C-factor 
allows credits for internal heat gains due to sun, lights, people, equipment, for night setback and for reduced 
mechanical ventilation. With these internal gains, only a fraction of the full load energy is actually required. 
This fraction, multiplied by 24 (hours/day) produces the "C" factor. For high-rise residential buildings, the 
C-factor varies from 14 to 18 hours/day [Ontario Hydro, 1988] . 
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2.2 Development of ~ssessment Procedure 

The procedure for air leakage assessment and control in buildings has been developed to meet the 
requirements of air-sealing practitioners (contractors) in estimating the potential reductions in energy and 
power, quantifying the air-sealing work and assessing the air-sealing priorities. Figure 12 shows the self­
explanatory flow chart for this procedure. The air sealing assessment procedure (ASAP) would lead the 
practitioner through the various factors and steps: 

1. Building inspection, audit of air leakage paths and data collection: 

climate and exposure, building types, building form, surface to volume ratios, shafts, and envelope 
types; floor by floor cracks, openings, weighting of air leaks, top and bottom floor priorities, building 
component characteristics; building operation; space heating fuels; building problems; indoor air­
quality. tests; and energy consumption bills of at least the last 12 months. 

2. Estimation of air leakage component: 

Assign leakage paths; characterize wind and stack pressure distrib~tion for peak weather conditions; 
calculate in and out air flows; and determine the air leakage component. 

Estimate the potential reductions in peak demand by various building components; air-sealing work 
cost estimates; and prioritize the potential air-sealing applications. 

Prepare a report describing the various sealing ·options and strategies and associated costs. 

Assessment of indoor air quality: Perform on the spot tests for air quality (with hand-held 
equipment) to assess the air 'movement, temperature stratification and humidity levels. With the 
estimates of the air-infiltration component and initial measurements of various air quality variables 

determine the impact of air-sealing (whether the air sealing would deteriorate, improve or maintain 
the existing air quality). 

3. Assessment of cost-benefits and decisions regarding implementation of air-sealing. 

The air-sealing assessment procedure (ASAP) for high-rise buildings has been assembled iii the following 
parts: 

- Part A: Building Audit and Field Inspection; 
- Part B: Estimation of the Uncontrolled Air Leakage Component and Determination of Air Sealing 

Priorities; and 
- ·Part C: Development of a Work Plan for Air Sealing of the Building. 

_Appendix A contains the procedure .for assessing air leakage and potential control in electrically heated 
residential buildings of eight storeys and higher. · 
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Figure 12: Procedure for Assessing Air Leakage And Potential Control in Buildings. 

Procedure for Air Leakage Assessment and Control in Buildings 

BUILDING II LEAKAGE 11 WEATHER 
DESCRIPTION DISTRIBUTION CONDITIONS 

Calculate wind, stack 
and ventilation pressure 

distribution. 

Estimate component 
leakage area. 

Determine Infiltration 
and exfiltratlon airflows. 

Determine reduction In 
energy consumption 

and demand 

Estimate cost of air 
leakage in the building. 

Ranking of cost-effective 
air sealing measures. 

Air-Sealing, Monitoring, 
Evaluations 

ELECTRICITY 11 AIR-SEALING 
COSTS COSTS 

Bulldlng owner's 
financial 

Ontario Hydro 
Incentives. 
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2.3 Summary 

A simplified air infiltration estimation procedure has been developed primarily based on equivalent air 

leakage areas and local net pressure distributions. The pressure difference at a given location depends on 

the infiltration driving forces (stack, wind and mechanical ventilation) and the characteristics of the openings 

in the building envelope. A simplified network of air-flow paths can be established using the following 

information: climate and exposure, building types, building form, building dimensions, surface to volume 

ratios, shafts, and envelope types, windows and doors, envelope crack lengths, openings, and make-up air 

strategies. The algebraic sum of air-flow through these paths must always be equal to zero. By applying the 
mass balance equation, the component of air infiltration which would be occurring during the peak winter 

condition can be determined. This air-flow rate is responsible for the space heating load due to uncontrolled 
infiltration. Any reduction in this infiltration flow should decrease the heating requirements for the building. 

The procedure has been simplified and developed into a practical application tool which can be utilized by 

the assessors and air leakage control contractors. 
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3. FIELD DEMONSTRATION AND VALIDATION OF ASSESSMENT PROCEDURE 

The main objectives of the field demonstration of air sealing work were: 

- to verify the air. sealing estimation procedure; 
- to assess the practical implications of air sealing on the indoor air quality and thermal comfort; and 
- to show the potential of air leakage control in reducing the peak power demand and energy 

consumption. 

Two high-rise, electrically heated residential buildings were selected for evaluating the effects of air leakage 

control on: (1) reducing the peak power demand and energy consumption, (2) airtightness of the building, 
and (3) indoor air quality. The 251 Donald Street building, located in Ottawa, is a 21 storey, 61 m high 
building having approximately 14,SOO m2 heated space. It is an all-electric building. The 2500 Bridletowne 
Street (Bridleview York Condominium) building, located in Toronto, is 10 storeys, having approximately 9,800 
m2 heated space. In the Bridleview building, each suite is equipped with electric baseboard heaters; however, 
the make-up air supplied to corridors is heated with natural gas. 

Field tests on the two high-rise buildings enabled the verification and tuning of tli.e air sealing estimation 
procedure and guidelines as described in the previous sections. The field tests provided measured heat load 
and demand reduction data associated with measured airtightness improvements. 

3.1 Building Description. Heating System and Energy Audit 

3.1.1 Donald Street Bulldlng 

The 251 Donald Street building is a 21-storey apartment tower operated for senior citizens and owned by 
the Ottawa-Carleton Regional Housin~ Authority (OC~). Its 240 units are almost fully c:>ccupied. There 
are no other buildings within 50 metres and no other high structures in the surrounding residential 
neighbourhood. Parking space for 180 cars surrounds the building on three sides. The main entrance faces 

. east. Photographs of this building are attached at the end of this chapter. 

The building is comprised of single self-contained (bachelor}, one bedroom and two b~droom apartments. 
There is a lobby, games and entertainment room, a billiards room and laundry facilities on the first floor. 
These facilities are normally open froiiJ, 08:00 to 22:30 hours. 

The construction is concrete flat plate, with no insulation at the floor perimeter; the floors extend to form 

balconies with no thermal break or protection. The walls are insulated with 38 mm extruded polystyrene 

insulation. The total floor area of heated space is 14,290 m2 (153,760 ft2} and the heated volume is 43,515 
m3 (1,537,600 ft3

). There are two e~evator shafts and one garbage chute in the centre of the building, and 

two stairwells at ends. 

The make-up air handling unit is located in the penthouse, supplying air at 6050 Us (12,600 cfm) or 283 Us 
per storey (600 cfm/storey). It is rated at 7.5 hp. The heating coil consists of a total 390 kW load connected 
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to a 600 V, 3-phase supply. For temperature control, the heating coil has one stage of 50 kW and 10 stages 

of 34 kW elements. The control circuit ensures the heating elements will not be on unless the make-up air 

fan is running. The make-up air unit was not working during the months of November and December 1990. 

It was repaired and put into service on January 7, 1991. The make-up air unit is operated between 08:00 

and 11:00 and between 16:00 to 20:00 hours. The make~up air supply to each floor was balanced and tuned 

after the air-sealing work. · 

The heating system in the top floor corridor contains a 8 fool· (2.5 m) long baseboard heating element with 

a thermostat. A 1000 W baseboard heater, with an integral thermostat, is located on every 4th floor in each 

stairwell. In each suite, baseboard heating elements are located along the exterior walls. Each room is 
controlled with an individual thermostat. In the corner units, where the bathrooms also share an exposed 

wall, a small baseboard heater with an on-board thermostat is present. The heating system was modified 

previously to remove unnecessary baseboard elements. Exhaust fans are provided in the kitchen and 
bathroom; the latter is wired with the light switch. . 

In the entertainment area, located at the ground floor level, a separate air make-up unit provides the fresh 

air supply to this room and the games room. The make-up unit is controlled with a thermostat located in 

the games room. 

The total installed capacity of the baseboard heating system is 1,268 kW and make-up air heating system of 

390 kW. A detailed energy analysis showed that the peak heating demand was 575 kW in the year 1990. 

The cycling factor of the space heating system was approximately 0.35. 

The transformer room is ventilated by a small make-up air unit which is maintained by Ontario Hydro. 

Energy Audit 

The total energy bill for 1989 was $141,670. With a transformer loss credit of $1,450, the bill payable by the 
client was $140,220; or $9.80/m2/year (202.2 kWh/m2/year). 

An analysis of energy use was performed by examining the monthly electricity bills for a period of 24 months. 

A load and energy usage pattern was developed on the basis of various equipment sizes and rating 

information obtained through physical examination and manufacturer's information. Almost 98% 'of the 

annual energy consumption was accounted for in this analysis. Figure 13 shows the profile of heating degree 

days in Ottawa. Figure 14 shows the profile of base and space heating energy consumption. 

The estimates of base consumptions include the following: lighting needs for suites, corridors, stairwells, exit 

signs, penthouse and outdoors; and energy requirements for the hot water system, suite appliances, suite fans, 

laundry, elevators and air-conditioners. The total consumption profile includes the base consumption and 
space heating requirements . 
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Figure 13: Measured heating Degree Days in Ottawa. 
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Figure 14: Measured Monthly Energy Consumption (kWh). 
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Figure 16: Analysis of Energy Usage in the 251 Donald Street Building (1989) . 
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Ffgure 17: Estimated Building Energy Loss Components Based on Annual Consumption. 
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Figure 18: Estimated Building Peak Power Demand Components for Donald Street Building (at -20 °C and 
8.89 mis). · · 
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As shown in Figure 15, the monthly base power demand varies from 234 kW to 287.1 kW. The monthly 

heating demand varies from 0 to 612.9 kW depending on degree days. The total monthly power demand 

varies from 234 kW to 900 kW. In 1989, the total power demand charges were $23,075 - approximately 

16.5% of the total bill. 

As shown in Figure 16, space heating represents the largest component at 1,330 MWh, which is 51.5% of 

the total energy consumption. Lighting takes 18.5%, suite appliances 13.7%, elevator transportation almost 

10.5%, and hot water 3.1 % of the total. Laundry, suite fans, car block heaters, and air conditioners together 

consume 2.7%. 

Figure 17 shows the calculated space heating energy and power requirements. As shown, the air leakage 

component takes 32% of the space heating energy. The heat losses through air leakage, walls and windows 

account for almost 75% of the building's total energy consumption. 

Figure 18 shows the components of peak heating demand simulated for this building assuming an outdoor 
temperature of -20 C and a wind velocity of 32 kmph. The "uncontrolled" air leakage represents almost 37% 
of peak demand needs. Air-sealing could substantially reduce the peak heating requirements, as will be seen. 

The infra-red thermography (IR) of this building showed the weakness typical of this type of building, 

including thermal bridging at the floor edges and into the balcony "fins", and air leakage at windows and in 

upper junctions [Scanada 1990]. 

3.1.2 Brldleview Condominium Building 

The Bridleview York Condominium (YCC 449) is a 10 storey apartment building with 95 suites. This is a 
freehold condominium apartment building which is managed and maintained by Gelco Management Services 

Limited. Its 95 suites are all occupied. There are two buildings in the front and one building in the back 
which shields this building. the building is comprised of single self~contained (bachelor), one bedroom and 

two bedroom apartments. There is a lobby, games room and gathering hall on the first floor. These facilities 

are normally open between 08:00 and 22:00 hours. Photographs are included at the end of this chapter. 

The construction is concrete flat plate, with no insulation at the floor perimeter. The walls are insulated with 

35 mm polystyrene rigid insulation. This building has a length of 58.7 m, width of 17.7 m and height of 29.4 

m. The total heated floor area is 9,825 m2 and the volume is 25,455 m3
• There are two elevator shafts and 

two stairwells are located at the end of the building, and one garbage chute in the centre; 

Each suite is provided with the electric baseboard heaters for space heating purposes. The total installed 

capacity of the electric baseboard heating system is 920 kW. In this building, natural gas is utili2ed for hot 
water and for heating the building make-up air. The make-up air heating capadty is approximately 270 kW. 

The energy audit calculations do not include the component of natural gas fuel consumption. 
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Energv AudJt 

The total electric energy bill for the year 1989-90 was $92,546 - $ 9.42/m2 or 170 kWb/m2 of floor area. 
Analysis of energy use was performed by examining the monthly electricity bills for a period of 24 months. 
A load and energy usage pattern was developed on the basis of various equipment sizes and rating 
information obtained through physical examination and the manufacturer's information. Almost 96% of the 
annual energy consumption was accounted for in this analysis. Figure 19 shows the profile of base and space 
heating energy (supplied by electric only) consumption. The estimates of base electric consumption include 

the following: lighting needs for suites, corridors, stairwells, exit signs, penthouse and outdoors; and energy 

requirements for suite appliances, suite fans, laundry, elevators and air-conditioners. The totat consumption 
profile includes the base and space heating requirements. As shown in Figure 20, the monthly base power 
demand varies from 120 to 160 kW. The monthly heating demand (electric only) varies from 0 to 377 kW 
depending on weather conditions. As shown in Figure 21, the space heating represents the largest 
component at 970 MWh, which is 58% of the total energy consumption. Figure 22 shows the components 
of peak heating demand simulated for this building assuming an outdoor temperature of-15 C and a wind 

velocity of 6.67 m/s. As shown, the air leakage component takes 32% of space heating nee~. Air-sealing 

could substantially reduce the peak heating requirements, as will be seen. 
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Figure 19: Measured Annual energy consumption at Bridleview condominium. 
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Figure 20: Measured Peak electric demand. 

(Elec111c only) 
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Figure 21: Estimated components of annual energy consumption. 
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(electrlc only) 
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Figure 22: Estimated peak space heating demand components. 

3.2 Work Plan and Field lmolementation 

The project team planned the air sealing work in three steps to assist and verify the "before" and "after" 
characteristics of the two test buildings. The steps were: before sealing, sealing, and after sealing. 

Before Sealing: 

1. Energy audit and predictive diagnosis of the potential for air leakage control 

The project team performed the detailed energy audit of two test buildings and established the peak 

power and energy consumption due to air infiltration as shown in the following sections. 

2. Air leakage detection: visual and smoke pencil observations, simple. and inexpensive airtightness tests 

The test buildings were visually inspected for air leakages and all imperfections were noted. Infra-red 
thermography was conducted to locate the air leakage paths. In-situ airtightness tests were conducted 

on individual suites in both these buildings to establish the path of air infiltration more accurately. 
Window air leakage tests were conducted, in place, to measure the difference between existing 
weatherstripping and new weatherstripping for air leakage control. 
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The air sealing estimation procedure, as described in the preceding section, was applied to predict 
the potential reductions in peak power and energy consumption. Based on these calculations, a 
detailed plan for the air sealing work was prepared. 

3. Airtightness tests 

The whole building airtightness test of the Donald Street building was conducted using the National 
Research Council of Canada's 24 m3/s axial-vane fan. The method was based on CMHC protocol 
for the high-rise airtightness tests [CMHC 1990). During the test, smoke pencils and draft sensors 
were used to determine and verify various leakage paths. A detailed log of the conditions was kept. 
The results were analyzed and compared with the air-sealing estimation procedure. 

In the Bridleview building, the project team performed the airtightness tests of four individual storeys 
(floors) using the CMHC's test protocol for high-rise buildings. The results are presented in the 
following sections. 

4. Energy and power monitoring 

Continuous power monitoring was accomplished by installing data loggers. Ontario Hydro assisted 
in the installation of monitoring equipment and data collection. Monitoring in both buildings began 
in the fourth week of November 1990. The data was supplied to the project team on a bi-weekly 
basis. 

5. Indoor air quality tests 

The project team conducted several indoor air quality tests at the building. Relative humidity, carbon 
dioxide, and indoor and outdoor temperatures were recorded for a period of five days with 
continuous monitoring equipment. Formaldehyde and radon samples were taken at different 
locations. 

Air Sealing: 

Sealing work at the Bridleview building commenced in the second week of December 1990 and was 
completed on December 21, 1990. It was performed in the following steps: 

1. sealing of all shaft leaks 
2. sealing of all windows and doors 
3. sealing of all building envelope leaks 

4. sealing of miscellaneous leaks 

First, all shaft leaks were sealed. The indoor envelope leaks were sealed in the following order: the bottom 
four storeys, top three storeys and the remaining middle storeys. 

Air sealing work in the 251 Donald Street building began in the second week of January 1991 and was 
·Completed on January 25, 1991. The work was performed in the following steps: 
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1. sealing of all shaft leaks: penthouse, mechanical rooms, garbage chute, stairwells ... 
2. .sealing of all windows, doors and envelope leaks on 1st to 7th floor 
3. sealing of all windows, doors and envelope leaks on 16th to 22nd floor 
4. sealing of all windows, doors and envelope leaks on 8th to 15th floor 

5. sealing of all miscellaneous le~ 
During this time, the energy and power consumption was continuously monitored. 

After Sealing: 

1. Airtightness tests 

The whole building airtightness test of the Donald Street building was conducted using the NRC's 
axial-vane fan to measure the ·improvements"in airtightness. The "before-sealing" test conditions were 
repeated (as far as possible) to conduct the airtightness test. The test method wa5 based on the 
CMHC protocol for the high-rise airtightness tests [CMHC 1990). During the test, smoke pencils and 
draft sensors were used to determine and verify various leakage paths. The results were analyzed and 
compared with the air-sealing estimation procedure. 

In the Bridleview building, the project team performed airtightness tests of four individual storeys 
(floors), similar to the "before air sealing" tests, using the CMHC's test protocol. The results are 

presented in the following section. 

2. Data analysis of energy consumption 

The monitored energy consumption data was compared to determine the impact of air-sealing on 

peak power demand. 

3. Indoor air quality tests 

The project team conducted similar indoor air quality tests at the building. 

3.3 Estimation of Air-Sealing Potential 

3.3.1 Donald Street Building 

A detailed inspection of the 251 Donald SLrcet building was performed in the month of June 1990 to assess 

the air leakage and evaluate the control strategies. Appendix A contains the detailed field inspection data 
for this building and calculations of potential energy savings. Tables 8 and 9 present the summary of these 

calculations with the modified air sealing assessment procedure. 

The field inspection showed that the total leakage area in the building, before air sealing, was 2.72 m2
• The 

air leakage rate at the peak winter conditions was 5,993 Us, resulting in a heating demand of 265 kW -
approximately 42% of peak heating load. By assuming that the air sealing can reduce the uncontrolled air 
leakage by 32%, the resulting reduction in peak heating demand would be approximately 85 kW. 
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In this building the windows and doors represent 68% of the total air leakage in the building. The shafts 
constitute about 14% of leakages. Remaining leaks are from the building envelope and miscellaneous 

components. Figure 23 shows the profile of air infiltration and exfiltration through the building during peak 

winter design conditions. As shown in this figure, the majority of air-leaks (more than 80% of the total) 

occur in the top one-third height and bottom one-third height. The air-sealing strategy should consider the 

option of selective sealing of top and bottom storeys. 
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Figure 23: Estimated profile of air infiltration and exfi.ltration at peak winter design conditions for the 251 
Donald Street building. 

Tab.le 8: Summary of assessment of air leakage and potential control at 251 Donald Street building. 

l I Windows I Doors I Envelope I Shafts I Misc. I Total I 
Efiective air leakage (Us) 2517 1558 360 839 719 5933 

Peak Infiltration Load (kW) 112.7 69.7 16.1 34.6 32.2 265.6 

Reductions at 32% sealing (kW) 36 22 5.2 11.5 10.3 85 
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Storey 

Height 
(•) 

Stadt 
PTessure 

Ps 
(Pa) 

Table 9: Assess11ent of a1r leakage and potential control at Z51 Donald StTeet bu1ld1ng t1 Ottawa. 

W1nd 
Speed 
(11/s) 

W1 nd leakage Aree Q- FlON 
Prusure 1-----...--....----,...---,...---.----~t-----r----r---~-.-~--.-~~-.-~~-1 

Pw Windows Doon EllYelope Shafts Hise. Total Wtndola Doon EnYelor Shafts Misc. Total 
(I'll) (112) (112} (112) (lfl) (lfl) (112) (ml/s) (113/s) (113/s (ml/s) (ml/s) (113/s) 

! : I : ' : : ' : : : . ! ' i : : Ground ; 0.100 ; -32.425 : 2.066 ; 0.550 ; 0.061 ; 0.064 ; 0.034 ; 0.126 ; 0.022 ; 0.308 ; 0.363 : 0.378 l 0.201 : 0.744 ; O.lll l -1.816 ----:-·--:----:-:-·-.. :---r--··:·---;-·----:----:--·----: ---:---:---:---:---r---
___ ..!.L.!:~5-.~:!!!_; s.!!!_L1:.~-~~:..!:~L--°.:.~-L2.:~-L!:~L!:!!!..~~L2.:!!5-L-~L2.:~L!:~-L.".!!:!?.~ 

: : : : ! : : : : : : : : : : : 
3: 5.690 ! -26.171 ! 6.404 ! 5.291 ! 0.080 ! 0.033 ! o.ooo ! 0.000 ! 0.002 : 0.115 ! 0.464 : 0.190 ! o.ooo ! o.ooo ! 0.009 ! -0.663 1----:----·,-:---t--:-·--:---;---:--------:-.. ----:----;---:----:----:---1----:----;---- --· 
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5 i 10.998 i -20.231 i 7 .702 i 7 .653 i 0.080 i 0.033 i 0.000 i 0.000 i 0.002 i 0.115 i 0.437 i 0.179 i 0.000 i o.ooo i 0.009 i -0.625 

--~--·-:------. ---:-----:----:---:-------:-----:-----':----:------:-------:---·--:----:--·-·--:--·--·-
- 6i 13.653 l -17.261 l 8.183 l 8.638 1 0.080 l 0.033 1 0.000 1 0.000 i 0.002 ! 0.115 1 0.421 1 0.173 1 o.ooo i 0.000 l 0.008 ! -0.602 - ·--:------: ---:--;------, - ·- ·-:-· .. -:---·-:---·~=----:-·-·-;----:----: - ·--·-:---:----r----

7: 16.307 ; -14.291 : 8.&o1 : 9.54Z ; 0.080 i 0.033 : o.ooo ! o.ooo ! 0.002 : 0.115 : o.404 : 0.166 ! o.ooo : o.ooo : o.ooa : -o.577 ---:----:-·--;--:----:----=--· .. -:-----·:----·:-----:-·--:---r·---:--··--:·---:-·---:---
a: 18.961 : -11.321 : 8.971 : 10.383 : o.oao : o.on : o.ooo : o.ooo : 0.002 : 0.115 : o.385 : o.1sa : o.ooo : o.ooo : o.ooa ! -0.ss1 ----:--··-:-----:-- .... :--·--:·-----:·-·-:-·--··--:----:·---:-·--'-: -~-:---:---:---r---:·-.- ..... 

1----. .!.l-~-~~L.:!:~L!:!'!!..L...!!.;!~-L-0.:~L!:~!!.L..~~-L!:~-L~~L!:!!.5-.~~-L~~-L-~~-L!:~-L!:!!7_L:!:~~ 
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12 ! 29.578 ! 0.559 ! 10.16 ! 13.319 ! 0.080 ! 0.033 ! 0.000 ! 0.000 ! 0.002 ! 0.115 ! 0.308 ! 0.126 ! o.ooo ! o.ooo ! 0.006 ! 0.441 

---~---:~-...-·---:------. --... --:-·----: .... --·--~··---·-:-----:----:-----~--:-······---~·-·-·-:---·-:----:-'"':-·---

___ 14l_!_·~- l 2;.~i..!!·~i..E:~l ~~-L2.:031 L~'!.~_L!:~_L!:~L!:!!!..l o.~L.~~~L~~-L!:~-l o.!!7_1 ~~--, 
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15! 34.887 : 6.500 : 10.642 : 14.608 : 0.080 : 0.033 : 0.000 : 0.000 : 0.002 : 0.115 : 0.380 ; 0.156 : o.ooo : o.ooo : 0.008 : 0.543 ----:-----:---;--, ----, ---:-··-:·---:-·---·:-·--:--:---:---;-----:---: .. ---:----
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3.3.2 Bridleview Building 

A detailed air-sealing assessment and energy audit of this building was performed in the month of November 
1990. Air leakage was one of the major heat loss components for this 10 storey apartment building. It 
accounted for more than 19% of the total annual space heating energy and almost 32% of the peak power 
demand due to space heating. The assessment of air~leakage and its potential control in this building is 
summarized as follows: 

The estimated air infiltration rate for this building at the winter design conditions (an outdoor temperature 
of -18 °C and 6.67 m/s wind) was 1,880 Us (0.19 Us.m2 of floor space) before air sealing. The peak heating 
demand due to this peak air-leakage rate is 86 kW. The energy analysis showed that the make-up air heating 
constitutes approximately 18% of the total space heating load during the winter design conditions. As the 
make-up air is heated with natural gas and the suite space heating is provided by electric baseboards, the 
peak electric demand due to air-leakage in the building is approximately 71 kW. 

It was assumed that the air sealing would reduce the peak electric demand due to air leakage by 40%, 
resulting in peak electric demand shaving by approximately 28 kW. [Due to space considerations, relevant 
tables, graphs and calculations are not included in this report; these were submitted with the Progress 
Reports.] 

3.4 Airtightness Tests 

3.4.1 Donald Street Building 

The general procedure for conducting whole-building leakage tests has been described in the Institute for 

Research in Construction report to Canada Mortgage and Housing Corporation entitled "Establishing the 

Protocols for Measuring Air Leakage and Air Flow Patterns in High-Rise Apartment Buildings" [CMHC 
1990]. Specific details of the test conducted at 251 Donald Street are reported in Appendix C. 

A large vane-axial fan with maximum capacity of 23,600 L/s was used to depressurize the building. The fan 
inlet was connected by 12 m of 0.9 m - diameter ducting to a plywood panel temporarily installed in the 
double doors adjacent to the garbage room on the west side of the building. The door panel and all joints 
in the duct/fan assembly were sealed with tape prior to testing. Airflow rates were measured upstream of 
the fan intake using a pair of total pressure averaging tubes. Flow rates are accurate to within 5% of the 
measured values. Photographs are attached at the end of this chapter. 

Two tests were conducted. Test 1 was conducted on October 23, 1990 prior to air-sealing, and Test 2 on 
March 25, 1991 after the air-sealing work was completed. Weather conditions during these tests were as 
shown in Table 10 . 
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Table 10: Weather conditions during airtightness tests 

Weather Parameters Test No.1 Test No. 2 

October 23, 1990 March 25, 1991 

Outdoor temperature, °C 8.0 4.0 
Indoor temperature, °C 22.0 23.0 

Wind speed, m/s 5.13 2.23 

Wind direction NE NE 

Airtightness Test Results 

The airtightness results are shown in Figures 24, 25 and 26. 

Before Air Sealing 

The airtightness reslllts showed that this building had a net uncontrolled air leakage ·rate (infiltration or 

exfil~ration) of more than 4,740 Us at 10 Pa pressure difference. This infiltration component accounted 

for approximately 216 kW of the peak heating demand (assuming an outdoor temperature of -18 deg C; 

QpAT (W) = 4,740 Us • 1.2 kg/m3 
• 38 K). 

After Air Sealing 

The airtightness results after air-sealing showed that this building has a net uncontrolled air leakage 
(infiltration or exftltration) rate of 3,225 L/s at 10 Pa pressure difference. This infiltration component 
accounts for approximately 147 kW of the peak space heating demand. The reduction in electric load due 
to air leakage is approximately 69 kW. 

· The reduction in space heating load at peak weather conditions would be approximately 69 kW based on 

the airtightness data. The airtightness measurements only account for the net reduction in air leakage 

through the building shell. The corridor supply air balancing, isolation of garbage rooms, sealing of stairway 

doors, pressurization of main hallways further reduces the driving potential for air leakage. This interior 

compartmentalization assists in proper air movement. The measured energy consumption data show greater 

reductions in electric demand at the peak weather conditions than is shown by airtightness .data. 
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Figure .24: Effect of air sealing on airtightness at Donald Street building 
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Figure 25: Effectiveness of air-sealing 
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Effectiveness of Air Sealing 
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3.4.2 Bridleview Building 

Airtightness Test Results 

Before Air Sealing 
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Mean Pressure Difference, Pa 

Figure 26: Percent difference in air leakage rate. 
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The airtightness of four floors was performed as per the CMHC protocol for measuring air leakage and 

air flow patterns in high-rise apartment buildings [Magee and Shaw 1990). Four floors were selected: 

ground floor, 5th floor, 9th floor and top floor. Air leakage characteristics of ground floor were measured 
using the two-fan method, in which the pressure difference between first floor and ground floor was kept 
at zero. For measuring airtightness of 5th floor, three fan method was used to isolate this floor. Air 
leakage through 4th and 6th floor was isolated by keep~g the pressure difference between 4th and 5th, 
and 5th and 6th at zero. Similarly 9th and top floor airtightness was measured. These airtightness results 

were extrapolated to obtained the overall airtightness of the building. 

The airtightness results showed that this building had a net uncontrolled air leakage rate (infiltration or 

exfiltration) of more than 1,885 Us at 7 Pa pressure difference. This infiltration component accounted 

for approximately 86 kW of the peak heating demand (assuming an outdoor temperature of -18 deg C; 

Op AT (W) = 1,885 Us • 1.2 kg/m3 
• 38 K). In the Bridleview building, natural gas is utilized for heating 

the building make-up air. Each suite and room is provided with electric baseboard heaters for the space 
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heating purpose. Energy audit of this building showed that the make-up air was approximately 18% of 
the total space heating requirements. Therefore, the electric load due to air leakage is approximately 71 

kW. 

After Air Sealing 

The preliminary analysis of airtightness results after air-sealing showed that this building has a net 
uncontrolled air leakage (infiltration or exfiltration) rate of 1,165 Us at 7 Pa pressure difference. This 
infiltration component accounts for approximately 53 kW of the peak space heating demand (make-up air 
gas heating plus electric baseboards). The electric load due to air leakage is approximately 43 kW (53 -

0.18"'53). 

The reduction in space heating load at peak weather conditions would be approximately 28 kW based on 
airtightness data. The airtightness measurements only account for the net reduction in air leakage through 
the building shell. The corridor supply air balancing, isolation of garbage rooms, sealing of stairway doors, 

and pressurization of main hallways further reduces the driving potential for air leakage. This interior 
compartmentalization assists in proper air movement. The measured energy consumption data show greater 
reductions in electric demand at the peak weather conditions than can be obtained from airtightness data. 

3.5 Comparison of Energv Consumption Before and After Air Sealing 

In the development of the calculation procedure, the Hfirst-cut" air leakage assessment procedure was 
modified using the field monitoring data to better assess the leakage paths and to predict reasonable air­
sealing effectiveness (the preliminary method was presented in Progress Report #1). The main objective 
of the comparison is to obtain the net change in peak heating demand before and after air sealing. 
Depending on the selection of similar weather periods, the change in peak demand may or may not be the 
same which may occur on a winter design day leading to the utility peak. If the similar weather periods 
match with the winter design criteria for the building, then the change in peak demand due to air sealing 
should be considered as the flair sealing potential". The following sections presents the calculation procedure 
and estimation of air-leakage rates using the air leakage assessment method and the monitored data. 

3.5.1 Calculation Procedure 

The effect of air sealing on peak electric demand and energy consumption was determined using the 
measured data of electric energy consumption. The calculation procedure consists of two components: (i) 
comparison of energy consumption profile during the similar weather periods before and after air sealing, 
and (ii) computer simulation and verifications. This calculation method was developed based on ASHRAE 
recommended energy estimating methods [ASHRAE 1989}. Each of the above component is explained in 
the following steps: 
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Comparison of energy consumption profile during the similar weather periods; 

• Selection of typical sets of similar weather periods before and after air sealing depends on .several 
factors: (i) the 36 to 48 hours of similar weat)ler period should be between working days of Monday 
to Friday, (ii) all building heating and ventilation equipment is available during the similar weather 
periods, and (iii) it is assumed that the occupants behaviour is comparable. 

The similar weather periods are selected by comparing the mean outdoor temperature, average wind 
speed, wind direction and sunshine hours. It may be difficult to match the profile of outdoor 
temperature or wind speed on an hour by hour basis. · Therefore, a 3-hour average of outdoor 
temperature or wind speed can be utilized for selecting the "similar" weather periods. Record the range 
of temperature and wind speed variations on these days. 

• Comparison of hourly energy profile for similar weather periods should also look in to the general 
pattern of demand dllring those days. If there is sudden change in the peak electric demand due to 
'equipment or other behaviour, these profiles should not be used for comparison. 

· If there is large variation in the number of sunshine hours or wind velocity apply proper correction 
factors to the monitored energy consumption data. The comction factors can be determined using the 
compute simulation techniques described in the next component. 

• For similar weather periods before and after air sealing, the difference in peak demand can be 
considered as the "net" impact of air sealing. Depending on the selection of similar weather periods, 
the change in peak demand may or may not be the same which may occur on a winter design day 
leading to the utility peak. If the similar weather periods match with the winter design criteria for the 
building, then the change in peak demand due to air sealing should be considered as the "air sealing 
potential". 

Computer simulation and verifications: 

Obtain the detail information about the building to perform hourly energy simulation using a 
commercially available ·energy simulation pr()gram such as BESA DESIGN or DOE 2.lD. The input 
data required to perform hourly analysis includes some of the following parameters: building 
dimensions and layout, thermal resistance of building envelope, heating and ventilation system, 
operational schedules, and weather data. Using these data determine the hourly profile of electrical 

load during the heating season. Compare the hourly energy profile with the measured data. The 
building description and operational schedules can be adjusted to match the measured mean energy 

consumption for a period of five to seven days. This procedure assists in establishing a "base case". 

• The "base case" can be used to generate the co"ection factor for two "similar weather days". The 
co"ection factor accounts for difference in solar gains and minor differences in hourly weather 
parameters. This correction factor should be applied to generated the "real" profile of energy 
consumption pattern. 
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3.5.2 Donald Street Bulldlng 

Energy consumption in the 251 Donald Street building in Ottawa was continuously monitored at 15 minute 

intervals. The total electrical supply to the building and the hot water load were monitored from November 

22, 1990 to May 31, 1991. The monitored data was analyzed to determine the impact of air sealing on energy 

consumption. 

The air sealing work in the Donald Street building was completed on January 23, 1991. The similar weather 

periods (ambient temperature and wind speed) between December 1 t<,> January 13 (before air-sealing) and 
January 24 to March 31, 1991 (after air-sealing) are used to determine the effect of air-sealing on power 
consumption. Appropriate correction factors have been used to account for solar gains (for instance, a 
December day is shorter than a January or February day) and weather effects as explained in the previous 
section. Hot water system conservation measures (low-flow showerhead) were inlplemented during the 

. month of January 1991. Therefore, Lhe present analysis does not include the hot water electric loads. 

Figures 27 to 37 show the profile of electric demand and energy consumption for the building (excluding 

electric consumption for the hot water). These figures show the daily minimum and maximum electric 

demands and energy consumption due to base (lighting, appliances, other use) and space heating needs. 

For a comparison, the energy consumption before and after air-sealing was analyzed using the four sets of 

similar weather days. These sets were selected by observing the hourly weather data for Ottawa as supplied 

by Environment Canada. These sets are as follows: 

Table 11: Data sets used for the comparison of electric load. 

Ambient Temperature (C) Wind Speed Heating Sunshine 

Set Day (km/h) Degree Hours 
Max ·Min Mean Days 

1 January 10 -8.8 -22.0 -15.4 16.7W 33.4 7.9 

February 16 -8.4 -21.6 -14.8 17.3W 32.5 7.8 

2 Junuury 11 -16.4 -22.0 -19.2 20.4 E 37.2 1.6 

January 25 -14.5 -26.9 -20.7 14.5 s 38.7 2.9 

3 January S -3.2 -9.7 -6.5 9.5 s 24.5 0 

February 13 -4.9 -10.2 -7.6 9.3E 25.6 1.5 

4 December 20 -11.2 -18.2 -14.7 14.7E 32.7 7.6 

February 11 -6.8 ·-17.8 -U.3 15.7 N 30.3 8.6 

The hourly space heating loads were calculated using the building description, weather data and operation 

·schedules for December 20, January 5, 10 and 11. The building description and operation schedules were 
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adjusted to match the measured mean energy consumption for these days. This procedure enabled the 
establishment of a "base case" for the building description before the air-sealing. 

The further energy analysis for January 25, February 11, 13and16 was performed using the hourly weather 
data for those days with the same building description file. The energy consumption for January 25, 
February 11, 13 and 16 (period after air-sealing) provided an approximate profile of electric loads on the 
building, assuming that the building was not air-sealed. The difference in the electric load, on two "simil~" 
days, is generally due to solar gains and a difference in the weather profile. This difference in electric load 
is used in correcting the actual load measurements for the building. 

The comparison of electric loads is shown in Figures 38 to 41 and in Table.12. 

Table 12: Comparison of Peak Demand Before and After Air Sealing. 

Data Set Building Average Energy 
Demand Building Consumption 

(kW) Demand (kW) (kWh) 

1 Jan 10 (Before) 747.9 546.7 13120 

Feb 16 (After) 664.9 516.8 12403 

Difference 83 30 717 
(11.1%) (5.5%) (5.5%) 

2 Jan 11 (Before) 772.2 617 14808 

Jan 25 (Mter) 688.3 569.2 ~60 

Difference 84 48 1148 
(10.9%) (7.8%) (7.8%) 

3 Jan 5 (Before) 483.5 418.9 10037 

Feb 13 (Aller) 419.2 350.9 8422 

Difference 64 68 1615 
(13.2) (16.2) (16.2%) 

The average difference in electric load before and after air-sealing was between 64 and 84 kW for the above 
mentioned days after applying proper corrections for the weather data. The reduction in heating load is 
approximately 10 to 13% of the peak electric load without considering hot water loads. When total electric 
supplied to the building is · considered, the net difference in peak electric load is 9 to 10.5%. 

A further analysis using the building description, and an assumed weather profile for a peak day (ambient 
temperature varying from -18 C to -21 C, and average wind speed of 24 km/hour) was simulated to predict 
the. potential reductions in heating load. The reduction in heating load ·due to air-sealing would vary from 
80 to 85 kW (approximately 10.5%) for this building on peak winter design days (calculated design load for 
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such days may increase to about 780 kW). The above comparison also shows two data sets which were 

similar to the peak design conditions. 

Comparison of Air-Sealing Assessment and Monitored Data 

Using the air-sealing assessment procedure, it was estimated that the peak heating electric load due to 
uncontrolled air leakage in the building was approximately~ kW (approximately 40% of space heating 
load) for the Donald Street building. 

It was assumed that the air sealing of gross accessible leaks in the building envelope could result in achieving 
a 32% sealing effect overall. On that basis, the air-sealing assessment procedure predicted reductions in 
peak electric heating demand of 84 kW. A comparison of predicted reductions in peak heating demand and 
the energy consumption measurements show comparable results. The predicted reductions in peak heating 
demand are less than 5% higher than the measured results. 
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Figure 27: Daily electric demand - December 1990. 
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Figure 28: Energy Consumption - December 1990. 
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Figure 29: Daily electric demand - January 1991. 
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Figure 30: Energy Consumption • January 1991. 
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Figure 31: Daily electric demand - February 1991. 
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Figure 32: Energy Consumpli110 - February 1991. 
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Figure 33: Daily electric demand - March 1991. 
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Figure 34: Energy Consumption - March 1991. 
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Figure 35: Total Daily electric demand - December to March. 
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Figun~ 38: C0mparison of peak demand. 
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l<'igure 39: Comparison of peak demand. 
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Figure 41: Comparison of peak demand. 
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3.5.3 Bridlevlew Building 

Energy consumption in the Bridleview Condominium building in Toronto was continuously monitored at 15 
minute intervals. The monitoring began on from November 22, 1990 to April 23, 1991. The total electrical 
load for the building and the ramp heating loads were monitored for a period of more than five months. 
The monitored data was analyzed to determine the effects of air-sealing on energy consumption. 

The air sealing work in the Bridleview building was completed on December 21, 1990. The similar weather 
periods (ambient temperature and wind speed) between Nov 22 to Dec 10 (before air-sealing) and Dec 22 
to Feb 28, 1991 (after air-sealing) were used to determine the effect of air-sealing on power consumption. 
Appropriate correction factors were used to account for solar gains (such as a December day is shorter than 
a January or February day) and weather effects. 

Figures 42 to 54 show the profile of total electric demand and energy consumption for the building. These 
figures show the daily minimum and maximum electric demands and energy consumption. 

For an assessment, the energy coµsumption before and after air-sealing was analyzed using the two sets of 
similar weather days. These sets were selected by observing the hourly weather data for Toronto as supplied 
by Environment Canada. These sets are as follows: 

Table 13: Two sets of dutu used for the comparison of electric load. 

Set Duy Ambient Temperuture (C) Wind Heating 
Speed Degree 

Max Min Mean (km/h) Days 

1 December 7 3.3 -2.1 0.6 18.8 17.4 

January 17 2.4 -1.7 0.4 . 18.1 17.6 

2 December 14 -1.3 -12.3 -6.8 10.8 24.8 

January 10 -1.9 -11.4 -6.7 12.3 24.7 

The hourly space heating loads were calculated using the building description, weather data and the 
operation schedules for December 7 and December 14. The building description and operation schedules 
were adjusted to match the measured mean energy consumption for these days. This procedure enabled the 
establishment of a "base case" for the building description before the air-sealing. 

The further energy analysis for January 10 and January 17 was performed using the hourly weather data for 
those days with the same building description file. The energy consumption for January 10 and 14 (period 
after air-sealing) provided an approximate profile of electric loads on the building, assuming that the building 
was not air-sealed. The difference in the electric load on two "similar" days is generally due to solar gains 
and a difference in weather profile. This difference in electric load is used in correcting the actual load 
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measurements for' the building. 

The comparison of electric loads is shown in Figures 50 and 51. The average difference in electric load 

before and after air-sealing is between 24 and 35 ·kw for the above mentioned days after applying proper 
corrections for the weather data. The reduction in space heating load is 9 to 12% of the electric heating 
demand ('1137 kW) -- or approximately 5 to 7.3% of the total peak electric load (481 kW) during the month 
of January. 

A further analysis using the building description, and an assumed weather profile for a peak day (ambient 
temperature varying from -18 C to -21 C, and average wind speed of 24 km/hour) was simulated to predict 

the potential reductions in heating load. The reduction in heating load due to air-sealing would vary from 

38 to 42 kW (approximately 7 to 9%) for this building on peak winter design days (calculated design electric 
load for such days may increase to 496 kW). 

A simple comparison of monthly electric demands as assessed in the electric bills, as shown in Table 14, 
indicates that the air-sealing had a positive impact in reducing the monthly electric demands. 

Table 14: Comparison of electric demand and monthly degree days (actual billing data). 

December January · February 

Year Electric Degree Electric Degree Electric I Degree 
Demand Days Demand Days Demand Days 

kW kW kW 

1986 482 595 

1987 464 565 496 665 

1988 496 645 496 699 480 718 

1989 512 871 480 625 464 684 
•• -~=:-: .... ; ... 

1990 ( '· :451 . ' 587 ' 5113 583 448 603 

1991 48i' '.' :~ .:·::~::/l~f~';;:::i~ l:i~i:f:f~~"'f1 f:::js?{,,'.,): 

Comparison of Air-Sealing Assessment nnd Monitored Data 

It was estimated that the peak heating electric load due to uncontrolled air leakage in building was 

approximately 71 kW for the Bridleview Building using the air-sealing assessment procedure. It was assumed 

th~t the air leakage rate woUJd be reduced by 50% with air-sealing. The estimation method predicted a peak 
power reduction potential of 35 kW. 

Comparison of predicted reductions in peak heating demand and the energy consumption measurements 
show comparable results. The predicted reductions in peak heating demand are less than 5% higher than 
the measured results . 
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Electric Power Demand (kW) 
November 1990, Brldlevlew . . 

Power Conaumptlon (kW) 
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Figure 42: Daily electric demand - November 1990. 
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Figure 43: Energy Consumption - November 1990. 
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Dally Power Consumption (kW) 
December 1990, Bridlevlew 
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Figure 44: Daily electric demand - December 1991. 
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Figure 45: Energy· Consumption - December 1991. 
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Electric Power Demand (kW) 
Brldlevlew, Toronto 
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Fi~u1·c .i6: Daily dccLric di..:mand - January 1991. 
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1''igure 47: Energy Consumption - January 1991. 
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Comparison of Power Consumption Before 
and after air-sealing of Bridleview 

(Regression analysis) 
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Figure 52: Comparison of peak demand ac Bridleview building. 
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FJgurt 53: Effect of ambient temperature. 
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Ef feet of Outdoor Temperature 
Jan 21 & 22, 1991 - Brldlevlew, Toronto 
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Figure 54: Effect of ambient temperature. 

3.6 Sensitivity Analysis 

The field data offers three to five different characteristics of air leakage paths: tight, fairly tight, average, 

loose and very loose. The characterization of building components in these five distinct groups may be non 

reproducible in many circumstances. It is quite easy to characterize the leakage path as tight, average or 

loose. But the intermediate categories, such as fairly tight and loose, may be difficult to decipher. 

Sensitivity analyses were conducted using the field inspection data for the two test buildings. The building 
component leakage characteristics were altered between tight and average, and average and loose to evaluate 

the difference in the estimation of the air leakage rate for the building. The building auditor, in most cases, 

would be able to identify and characterize the proper leakage class. In cases where only some components 

may be difficult to assess for leakage class, the resulting difference due to such errors will contribute by less 
than five percent in the calculation of "net" air leakage rate. However, if the auditor assigns the incorrect 

leakage class to all building leakage paths, the difference in "net" air flow will be more than 40%. It is 
expected that with proper training, the auditors should be able to verify the leakage paths and assign 

appropriate leakage class. 
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3.8 Indoor Air Quality CIAO) 

Air quality in residential buildings is an area of great concern. With the trend to conserve energy, the effects 

on air quality should be evaluated to avoid potential health problems which may result from the drastic 

reduction in air change. Therefore, during this study, air quality tests to monitor the effects of the air sealing 

work were done before and after the air sealing. 

It should be noted that the prime objective of this project was to evaluate the state of indoor air quality in 

high rise apartment buildings by grab samples and on-the-spot measurements to determine the impact of air 

sealing on occupants. The air quality portion of this project was designed as a simple verification to ensure 

that no air quality problems were created by the energy conservation measures implemented. 

A total of eight (8) apartments were tested during the week from January 4th to 11th, 1991 to record the 
"before conditions" in 251 Donald street and the week of February 15th to 22nd, 1991 to measure the "after 
conditions". Some tests consisted of a one week monitoring while others were spot checks at the beginning 
and end of the monitoring periods. 

The type of tests, test methods, number of apartments included in the air quality survey, selection of 

apartment location within the building etc. were all determined in order to provide the most valuable 

information at the best cost keeping in mind the objectives and budget allocated. . CMiiC's "Indoor Air 

Quality Test Protocol For High-Rise Residential Buildings" was the guide used for selecting the tests and 

test methods. 

3.8.1 Tests Selected 

Four elements were determined to be relevant in this building: carbon dioxide, formaldehyde, temperature, 
relative humidity, and radon. 

Carbon Dioxide 

. . 
In a building which has no combustion appliance, carbon dioxide (CO:J is mostly produced by the occupants. 
C02 levels tend to vary according to the number of occupants in the apartment, ventilation practices (use 

of exhaust fans, opening of doors & windows etc.) and can vary at different times of the day based on the 

activity level and habits of the occupants. Long term monitoring studies have shown these variations track 

very well the occupancy of a room for instance. Continuous monitoring is the favoured way to capture these 

variations but also involves either very expensive equipment and/or the need for sophisticated dataloging 

equipment. In order to have measurements in all the apartments selected at a reasonable cost, it was 

decided to take spot measurements of C02 at the beginning of the monitoring week and at the end. 

The test method used was the GASTEC pump with GASTEC Carbon dioxide (CO:J tubes "extra low range" 
(300-5000ppm) 

As much as possible, the carbon dioxide readings were taken at the same time to facilitate comparison 
between the two before air sealing readings, one against the other, as well as against the two after air sealing 
readings. Most readings were taken between 9am and 12pm. 
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Formaldehyde 

Although. the building does not contain any known large source of formaldehyde (such as insulation), this 
gas can usually be measured in most buildings from common sources such as: carpets, particleboard, 
household cleaning. products, cigarette smoke etc. Since the sources which may be releasing formaldehyde 
would not change before and after the air sealing, the formaldehyde readings can be used to measure the 
effect on air change in the apartment. 

The test method used for formaldehyde readings consisted of a monitoring device designed to provide an 
average concentration over a period of one week. Two Air Quality Research Institute's PF-1 formaldehyde 

monitors were installed in each of the apartments tested. 

Humidity 

Relative humidity (RH) usually increases as a result of air sealing work in buildings when no provisions are 
made to remove the moisture generated by normal activities. 

The measurements of relative humidity were taken with a sling psychrometer (Taylor, 9", temp. range from 
5 to 50°C) at each visit to the tested apartments (twice before air sealing and twice after). Furthermore, 
hygrothermographs were installed for a one week period in some apartments. These have recorded the 
temperature and relative humidity variations which occurred during the week. 

Radon 

Radon enters buildings through cracks in the fowidation walls and floor slab and the highest readings are 
usually found in the basement. In this building there are no apartments in the basement and only the general 
meeting room above the slab-on-grade portion of the foundation. Grab sampling for radon was done in the 
basement and in the meeting room using the Pylon ABS 

No radon readings were done in any of the eight apartments tested. Had high radon levels been detected 
in the basement or on the main level radon readings would have then been taken as a precautionary measure 
in some apartments. 

Selection and Location of Test Apartments 

The 251 Donald street building is a 21 storey, rectangular building with the majority of apartments facing 
either due east or due west. There are two north facing and two south facing apartments per floor. 

The apartments tested were selected on the following basis: 

• Equal number of apartments on the east and west sides of the building. (to capture differences due 
to winds "windward/leeward" effects if any) 

• Apartments facing each other on the selected floors. (so that both apartments are the same distance 
away from the fresh air distribution in the corridor) 

- Apartments with the least amount of exterior wall (worst possible condition where there is less exterior 
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wall to allow incidental fresh air inftltration) 
- Two apartments on the lower floor, two on the top floor, two at mid height below the neutral pressure 

plane and fmally two at mid height above the neutral pressure plane. (to detect differences due to the 

stack effect) 

Although it was recognized that some factors had to be limited to facilitate the interpretation of results in 
such a small survey, no pre-requisites were set for the occupancy or lifestyles of the occupants. This was 

intended to provide some randomness in the IAQ survey. 

The apartments selected were numbers 07 and 10 on the 2nd, 8th, 15th and 22nd floors. These units were 

the farthest from the fresh air ventilation grill in the corridor (comer units excepted). The doors to these 

east and west side apartments were directly opposite from each other. 

Occupants 

Amongst the selected apartments, two had a double occupancy while the rest had only single occupancy. 
One of the apartment's occupant was away during the entire period from December till the end of February. 

This vacant apartment has served as a control unit to some extent where occupant's habits did not affect the 
test conditions. Measurements in that apartment are all resulting from the effects of the air sealing work 
alone and· resulting building dynamics. 

There were only two smokers out of all the occupants involved (One cigarette smoker, the other a pipe 
smoker). All occupants did spend most of the time indoors all day. Besides the apartment which remained 

unoccupied during the entire testing periods, one other occupant was away for three days at the beginning 

of the January test period. 

Weather Conditions 

In order to eliminate as much as possible any variations other than the effect of the air sealing, the air quality 

tests were done during periods of similar seasonal conditions. Before and after air sealing air quality tests 

were done immediately before and after the sealing work to monitor similar winter indoor conditions. This 

is the time of year when the lowest amount of fresh air is provided from the opening of windows and balcony 

doors. Fresh air is then only supplied by incidental air leakage through the building envelope and supposedly 
by the fresh air supply fan in the corridors of the building. 

The test periods selected were both very cold with mean temperatures during the period from Jan.4 to 11 

at -13.4°C with average winds at 15.35 km/h and from Feb.15 to 22 at -7.0°C with winds· at 17.2 km/h. 

3.8.2 Test Results 

In general, only minor changes were noticed with regards to the air quality in the apartments tested. Despite 

the relatively small sampling, valuable information was collected to confirm expected trends which result from 
such air sealing work. · 
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Carbon Dioxide 

Donald Street Building: The carbon dioxide levels either remained the same or decreased slightly in some 

apartments after the air sealing. The average of all readings before air sealing was 862.5 parts per million 

(ppm) and 787.5 ppm after. The range of concentrations encountered ~aried from a low of 400 ppm to 

a high of 1500 ppm. 

Bridleview Building: The carbon dioxide levels either remained the same or decreased slightly in some 

apartments after the air sealing. The average of all readings before air sealing was 800 parts per million 
(ppm) and 700 ppm after. The range of concentrations encountered varied fro~ a low of·400 ppm to a 
high of 900 ppm. · 

Although CMHC's protocol mentions that "C02 levels in most areas would not be expected to build up to 
the 800 - 1000 ppm range common in offices", numerous indoor air quality surveys in residential buildings 
have shown that it is quite frequent that C02 reaches as high as 1300 to 1500 ppm. Therefore, the readings 
of C02 found in this building are quite within the norm and well below Health and Welfare's maximum level 

of 3500 ppm. 

Relative Humidity 

Donald Street Building: The relative humidity levels increased in the lower. floor apartments and 

decreased in the upper apartments. One apartment had high RH readings both before and after the air 
sealing. The RH levels were at 45 and 46% before and 46 and 38% after air sealing. There was lots of 

condensation on the windows in this apartment. It should be noted that this was one of the apartments 

with two occupants. In any case, despite the concerns about the RH levels in this apartment, the RH did 
not increase after the air sealing. The average RH was at 29.5% before and 31.5% after. 

Bridleview Building: The relative humidity levels increased in the lower floor apartments and decreased 
in the upper apartments. The average RH was at 24% before and 32% after air sealing. 

Health and Welfare Canada suggests that RH levels be maintained between 30 to 55% in the winter and 30 

to 80% in the summer. These are within the Health and Welfare guidelines but are somewhat high for what 
is usually recommended in house with only double glazed windows in the .winter. 

Formaldehyde 

Donald Street Building: All formaldehyde concentrations were well below 0.06 parts pe_r million. The 
formaldehyde readings did increase slightly in the two second floor apartments after the air sealing while 
they remained relatively the same in the other cases. This slight formaldehyde increase in the lower floor 

apartments is consistent with the slight rise in relative humidity. Both indicate that the air sealing work 

was effective in reducing the air infiltration on the lower floors while increasing comfort (Higher RH) and 
without creating an air quality problem (still low formaldehyde levels). 
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The average formaldehyde concentration was 0.024 ppm before sealing and 0.025 ppm after. The test 

series after air sealing had three location where the formaldehyde was not detectable or less than 0.01 

ppm. A 1981 survey of formaldehyde in Canadian houses (not insulated with urea· formaldehyde 

insulation) had shown an average concentration of 0.037 ppm. 

One apartment had average formaldehyde readings of 0.062 ppm both before and after the air sealing 

work. This was also the apartment with the highest relative humidity readings. It should be noted that 

any materials that do off-gas formaldehyde will do so to a greater extent in humid conditions. 

The lower C02 and formaldehyde levels found in apartment# 2207 after the air sealing could simply be 

due to the fact that the occupant in that apartment does open the windows and the balcony door as often 

as the weather allows. This occupant likes to keep the apartment cool and always has the thermostats 

turned to the lowest setting. 

Bridleview Building: All formaldehyde concentration readings were below 0.05 ppm. The formaldehyde 

readings did increase slightly in the two second floor apartments after the air sealing while they remained 

relatively the same in the other cases. This slight formaldehyde increase in the lower floor apartments is 

consistent with the slight rise in relative humidity. Both indicate that the air sealing work was effective 

in reducing the air infiltration on the lower floors while increasing comfort (Higher RH) ru.;d without 

creating an air quality problem (still low formaldehyde levels). 

Radon 

Donald Street Building: Radon testing at the beginning of January showed very low radon levels. The 

average radon reading in the mechanical room in the basement was 8.79 Bq/m3 (0.24 pCi/L) and 20.05 
Bq/m3 (0.54 pCi/L) in the recreation room on the main floor. Post air sealing radon were measured using 

the "Electrets", one week monitors. The average radon reading in the mechanical room in the basement 

was 9 Bq/m3 (0.25 pCi/L) and 22 Bq/m3 (0.58 pCi/L) in the recreation room on the main floor. The 

change in radon level before and after air sealing was insignificant. 

Bridleview Building: Radon testing at the beginning of month of December showed very low radon levels. 

The average radon reading in the mechanical room in the basement was 95 Bq/m3 and 6 Bq/m3 in the 

common room on the main floor. Post air sealing radon reading in the mechanical room in the basement 

was 9.5 Bq/m3 and 7.5 Bq/m3 in the recreation room on the main floor. The change in radon level before 

and after air sealing was insignificant. 

Health and Welfare Canada's maximum acceptable level for radon is 800 Bq/m3 (22 pCi/L). The United 

States very conservative maximum acceptable level is 148 Bq/m3 (4 pCi/L). The radon readings detected in 

this building were much lower than both of these set guideline maximums. 

Discussion 

The air sealing has had no negative impact on the general indoor air quality in the building. Variations from 

apartment to apartment shown are quite representative of what could be expected due to the occupants' 

lifestyles and habits. 
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Figure 54: Typical Door layout of Donald Street building. 
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Table 16: Measurements of formaldehyde concentration in Donald Street building. 

251 Donald Street 

Formaldehyde 
Formaldehyde Testing Method: AQR, PF-1 Formaldehyde Monitors 

Sampling Dates Jan 4 -11, 1991 Feb 15- 22, 1991 
Concentration 

~K:Av~fa9e;t Degree of Change 
Sampling Location I (ppm) 1 .;r,:.::WT(ppfu)~I (ppm) 
Apt# 207 living room I 0.0151 ·~f,A~.~~~P.:q1~flt 0.025 

master bedroom 0.016 ::t~:~rni~;t~fM 0.037 
Apt# 210 living room I .o.01a 1 ;nc.0~016;;I 0.036 

• .;,:_;_; "li:.~ .. ~::;; :..~ ~{,(:~. . 

master bedroom 0.018 ·;'(}g~:(~'~· b«:'ifE 0.031 
Apt ii 807 living room 0.028 ; i: g~:.qgt~; 0.020 '.U'~J;;9~:@;j relatively unchanged 

master bedroom 0.025 }i' ':'.:ifi?fh' 0.021 l';,d;c;;K!i: ·~ ':::-
Apt ii 81 O living room 0.011 :;~...,~.~ {).013:'.' <0.01 ~;g;;1:fltOJlote relatively unchanged 

master bedroom o.01s ~~};%~:::~i~~j!l~~ 0.016 ~wi;ff::ir&~\~t 
Apt #1507 living room I 0.018 i:fi~f.2t,E~$~f1 0.019 l~~jjjf:[~t~tP:~~i]I relatively unchanged 

master bedroom 0.020 ~~~%!1tnri.BI 0.020 krn@MJ!:&thtMM 
Apt#1510 living room 0.064 ifilri·d~:~)\ 0.061 

master bedroom 0.059 ®WtMt:~ffe1litrt 0.063 
Apt 112201 living room 0.030 ~~MWio~-0,acF <0.01 

:~(.(::.;:;:-:--::::.·:=*::.-: -:.:: .. .:;·:..-"-::-.·· ....... : 

master bedroom 0.029 i[@'!.IWti~tl <0.01 
oecreased 

Apt#2210 living room 0.008 /ltFo.010;1 0.018 
master bedroom 0.012 \:.:;::}J::::.'g~{~~~ 0.022 

All of these readings are lower than Health and Welfare Canada's suggested maximum acceptable limit of 0.1 ppm. 
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Table 17: Measurements of carbon dioxide at Donald Street building. 

January 1991 February 1991 

Test Dates Jan.4 Jan. 11 rfA~~t~g~;~ Feb.15 Feb. 22 1n~:A~f.i§'e}1 evo Change 

Sampling Location {ppm) 

Apt II 207 living room 900 

Apt ti 210 living room 800 . 

Apt # 807 living room 1300 

apt# 81 O living room . 800 

Apt #1507 living room 600 

Apt #1510 living room 1100 

Apt #2207 living room 600 

Apt #221 O living room 500 

(p ) P"'''·<''·'"'ti-i.~ ---·--x-' 
pm r9Y Xuc1.iJ1TI1:51 
500 l-f1'i.WJ.;7po,; 

1000. l'"%'~t'"g~o·o· ... 
·;·W:%~:~ ;,.?:~. .. :.~ 

900 I .. ~:./-:1--~·oo· ;, .,.,_jf-,.,_ J ... ,.,: 

1000 k~-:~;~('9,0Q~ 
400 l:='·'::-1::-r*-f."~oo· " ·:·~: · :·::~·-.'¥ .:1? 

1500 FLkf.:j 300.' 
1 ooo 1-:;;+'..". _aoo· , 

900 I ·:'f/ ~ _ ·100;-: 

{ppm) (ppm) l'~?#lt@i':OCd?mn 
600 500 WiW:@tl~lf§~o;i 
800 1 ooo IZ%~'%W~lJlijf)Qj;! 

1000 1 ooo t::Sr~.at.t.P.'01' 
800 1 ooo lf.~&:B~M~:~lt>.~1 
500 500 t:fa:tKtt\tWJ'.5P)).'.~ 

1300 1 ooo 1w.~{;Zf-Klatso1 •.. x:'S:-~.· - .. ·---'·'f· - ~ · "·· · .... •·· ·· 
900 I' ~w-:..g..:''""~ . • • 

600 .~: .. Jr~:m:-%\hl ,-,.§Qi 
600 500 1 (0~'.;~~1t~'\t .. sso··~ 

Table 18: Measurements of relative humidity at Donald Street building. 

January 1991 February 1991 

Test Dates Feb.22 Jan.4 
o/o 

Jan.11 
o/o Sampling Location 
27 1¥J~%~~~§;£l~~' Apt # 207 living room 
25 !$.J~~llQl 

26 

Feb.15 
o/o 

Act # 21 O living room 
33 

23 
25 
29 

Apt # 807 living room 35 26 ?:t~~41:aP;~~::. 30 

it I 810 living room 
·~:~~~~t~:~i~:~~.(>:~·· 

28 24 1 e:Wt!'®~us 27 

Apt #1507 living room 32 21 I ·:fT-~'~·261'5-;' ;, , .... ~,~..;:____ ~ .. h, 24 

Apt #151 O living _room 45 . 46 I :_:t_::,z:,:; 45~5~ 
.... -·~~ .... _ ' "·. 46 · :s:~:;~~~1~tA2-;DJ. 

Apt #2207 living room 21 11 1 -~·t·T~· 19.o , ............... ... -,-_,. : 36 30 I f(+l;:3f:S3.0 ;, 
Apt #221 O living room 31 45 l' \,P.:~~3s;t>~; 28 27 I <.:.LS.S.27,_Sj~ 

·,N~ ~ak~ge q i)ntrol in High-Rise Buiicfo1gs · · 
·-:· . ..-: .. ·-::~·..x-.· -.... .. · •. ~.:_ •. ·'""·_.. • .·• . -'~.:· - : '_;_•' . ~ _ ... 

<.> .... ::'w. C.; ,\~?r~<i;~ :· ~;;~1-~<-~~):~:~:,:~, 1 .. .-:~1 -:, 

-21.43 
0.00 

-9.09 
0.00 
0.00 

-11.54 
-6.25 

-21.43 

o/o Change 
3.8 

31.3 
3.3 

25.0 
-9.4 
-7.7 
73.7 

-27.6 



3.9 Make-up Air Balancing 

As identified in the assessment procedure; there is a need to re-balance the make-up air supply to each floor 
after air sealing of the building to gain proper distribution of fresh air supplied to each storey. In both 
buildings, make-up air balancing and tuning was undertaken just after the air sealing work. Appendix E 
contains a brief report on make-up balancing of both the Donald Street and Bridleview buildings. 

As shown in Figure 55, in the Donald Street building, the corridor air flow on a floor varied from 110 to 340 
Us. The designed air flow for each floor is 285 L/s (600 CFM). The balancing and tuning .of diffusers on 

each floor obtained the more or less constant air flow of 285 Us on each floor. The balancing of air-flow 

also assists in maintaining ventilation required for each apartment. 

In the bridleview building, the make-up air system is designed to provide 330 Us on each floor. Before 
balancing, the flow per floor varied from 240 Us to 410 Us. Tuning of diffusers on each floor has achieved 

a more uniform flow of 320 to 340 Us. 

Make-Up Air Supply 
251 Donald Street Building 

400 Air Flow, Lis 

3 5 0 -+······················································································ .................................................................................................................. .. 

3 0 0 - ............................................................................................... ............................................. ., 

2 5 0 -r·· ···········=~" r.i1 .... ... .............. :.:;;;.;;;.:: ................................................................. ......... ;;;;,f ............. ~ ... ........... ::;; .. ·· 
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Figure 55: Make-up air baiancing and tuning at Donald Street building after air sealing. 
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3.1 o Comparison of Actual Bllllng Data for Donald Street Bulldf ng 

The impact of any energy conseivation measure can be readily measured by comparing the monthly billing 
data before and after the implementation of such a measure. For a quick and definitive view, the project 

team gathered the actual billing data for winter months scanning through monthly electric bills. These data 
is plotted on Figure 56. As shown, the air-sealing has achieved the desired reductions in peak heating 

demand and energy consumption. 

Comparison of Billing Data 
251 Donald Street 

1000 
Peak Demand, kW 1000 

,.,..,,,,a•.Al.o'•"""•'-' "'"'..,."'-"h•o••.-.11 6 0 D 

400 

200 200 

Q I [///t//J\"'\'\'\"" [/U///b'\"'\'\Y'I V.U///,!\'\'\'\'\Y" I O 
January February 

~Before (1989) ~After 11991) 

Peal: demand data normalized for 
temperature dlllerence and degree days 

3.11 Potential for Reducing Peak Electric Demand In Ontario 

March 

Ontario has more than 18,000 high-rise residential buildings comprising 76.3 million square metre of floor 
area. About 39% of these buildings use electricity as a main space heating fuel. Energy audit of several of 
these electrically heated building has shown that there is a significant potential for improving the space 
heating energy efficiency in these buildings. As shown in Section 1, energy audits and assessments of four 

· high-rise buildings (10 to 22 storeys) in Ontario showed that the peak space heating demand varies from 35 
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to 65 W/m2 of floor space. During peak winter conditions, the air leakage component co~tributes to the 

heating load by 10 to 18 W /m2 
- roughly 25 to 35% of the peak heating demand. Therefore, the control of 

air leakage has become recognized as a key element in achieving energy conservation. Concemed especially 

with reducing peak power demand, Ontario Hydro is exploring air leakage control of high-rise buildings as 

a component of its DSM strategy. 

To evaluate the potential impact of a DSM program aimed at air leakage control of high•rise buildings, the 

potential peak electric demand and energy consumption was determined using the following assumptions: 

about 65% of high-rise buildings are located in the 4200 degree days region with the winter design 

temperature of -13°C; 

- other 35% of high-rise residential buildings are located in the degree days above 4200 with the winter 

design temperature of -20°C; 

- about 40% of buildings are all electric (space heating and make-up air ·heated with electric), and 

remaining buildings use electricity for space heating but use the fossil fuel for heating the corridor 

make-up air; 

- the cycling factor of 0.6 was assumed (the cycling factor is defmed as the ratio of simultaneous 

occurrence of peak electric demand in all buildings to the sum of total peak electric demand of all 

buildings). 

- the commercial air sealing work can be effective in reducing the air leakage by 35%: 

Based on these assumptions, Table 19 provides the summary of potential energy and peak power demand 

savings which can be obtained through air-sealing all electrically heated high-rise residential buildings. There 

is a potential to reduce 191 MW of peak electric demand by air-sealing all of Ontario's high-rise residential 

stock. 

Table 19: Potential energy and peak demand savings due to air leakage control in Ontario. 

Total Electric Heated· Air Leakage Potential Reductions 

Floor Contribution about 35% sealing 

Area 
. 

% Area Energy Peak Energy Peak 
(Mm2

) m2 GWb Demand GWh Demand 

MW MW 

High-rise Residential 76.3 39 29.76 833 545 292 191 

Detached, medium 142 24 34.08 1,091 896 382 314 
rise and row houses 

Total potential reduction with @ 35% sealing equivalence: ;~;~;~]:,~1iiil"t'.0 :: .:'?:so~: .. < . 
Using Building StodcModel ~ CANADA~II, Prepared by Scanada Consultants LiID.ited 

for Energy, Mines and Resources Canada, 1990. 
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3.12 Summarv 

Two buildings were selected for the demonstration of air-sealing work. First, the estimation of air leakage 
rates was performed using the assessment procedure. Based on these estimations, air-sealing.priorities were 

determined and the work plan for the air sealing was developed. The estimation method showed that there 
was a potential for reducing the peak electric demand of 96 kW in the Donald Street building, and of 49 kW 
in Bridleview building. 

The fan tests were conducted to determine the "before and after air-sealing" improvements in the building 
envelope airtightness. Based on airtightness results, the peak heating demand was calculated. 

The continuous· monitoring of energy and power consumption in these two building for the winter months 
showed the following: The peak demand reduction in the Donald Street building was 85 kW, and in the 
Bridleview building it was 42 kW. · 

Based on these monitored results, the air leakage assessment procedure was modified and calibrated to 
reflect the practical aspects regarding the airtightening of buildings. A good air-sealing of a building would 
reduce the air leakage rate by 30 to 40%. The assessment method can predict the potenti~ savings in energy 
consumption within 5 to 15%. 

Cost-benefit assessment showed that the average cost of air-sealing varied from $645 to $880 per kW of 
demand reduction. The sealing of elevator shafts, garbage chutes and stairways was the most cost effective 
in both buildings. The second ranking was exterior envelope leaks, windows and doors. 

Indoor air quality tests showed that the air sealing of the building has no negative impact on the general 
conditions of comfort and air quality in both buildings. In Bridleview building, it was observed that air 
sealing has reduced the movement of stale odours. 
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A 21 storey building in Ottawa was selected for the air leakage control demonstration project. The 
heating system is all electric, electric baseboards throughout the building as well as electric heating 
of the corridor make-up air. 
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In Toronto, a 10 storey condominium building was selected for the project. This building is also 
heated with electric baseboards but the corridor make-up air is heated with natural gas . 
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Infrared thermography was used to assess the air leakage and to determine if the building was free 
from major moisture problems. 

Air .. Leakage Control in High·Aise ·Buildings . 
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Exftltration at the top of the penthouse's wall/roof joint is shown clearly with infrared 
thermography. 
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Dust m~kings are good tell tales of air leakage paths. 

Bottom and top of shafts, such as this garbage chute, which run through the full height of the 
· building must be looked at. · 

Air Leakage Control in High-Rise Buildings Plate - 5 



Elevator shaft pulJey holes are often the largest leakage paths from the elevator shafts into the 
penthouse. · 

Smoke pencils can be used to detect both infiltration and exfiltration paths, with or without fan 
depressurization during the winter. 

Air Leakage Control in High-Rise Buildings Plate - 6 
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Iodividual window tests are done to assess the air leakage 
characteristics of that component of the building envelope. 

Fan depressurization of individual apartments can help 
to define typical leakage paths in the apartments. 
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Window sashes were removed, the weatherstripping was replaced then the sashes were reinstalled. 



Air quality measurements were done before and after the air sealing. 
Relative humidity and temperature in selected apartments were measured . 
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Carbon dioxide and Carbon monoxide were measured using Gastec tubes and hand held pumps. 

AQR dosimeters were used to measure formaldehyde, before and after air sealing, as an additional 
indicator of indoor air quality and air change. 
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A whole building airtightness test was performed on the Ottawa building, before and after the air 
sealing, using the axial vane fan (NRC), to verify the air leakage assessment procedure. The fan 
is shown above and the recording equipment below. 
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4. IMPLEMENTATION OF AIR SEALING MEASURES IN HIGH-RISE BUILDINGS 

4. 1 Field and Application Considerations 

The theoretical developments showed that the air-leakage component contributes to peak heating demand 

by 12 to 25 W /m2 of floor space in high-rise residential buildings located in Ontario. There is potential to 

reduce~ component by 4 to 10 W/m2 of floor space by controlling the air infiltration. Therefore, the air 
leakage. control or weatherization offers a potentially remarkable DSM opportunity for Ontario Hydro. An 
assessment of bow to achieve this theoretical potential into a practical viability is one of the most important 

aspects of this project. The air leakage control or weatherization program for high-rise buildings should 

consider the following: 

- Set criteria for air leakage control of buildings, 
- Identification and assessment of potential benefits to Hydro and to the building owner(s), 

- Implementation of air leakage control work, and 

- Assessment of multi-storey residential weatherization program with regard to Hydro's DSM objectives. 

4.1.1 Criteria for air leakage control of high-rise buildings 

The definition of a high-rise building, as used in this project, emerges from several publications and building 

industry practises. A building of 8 storeys or higher (approximately 20 m or higher) falls in the category of 

"high-rise" residential buildings and this definition should be used in the development of the weatberization 

program. The criteria for the application of an air leakage control strategy can be defined as follows: 

- the building has eight or more storeys; 

- the main space heating fuel is electric, and the peak total building electric load during winter months 

is more than 150 kW (assumed on the basis of at least a 10 kW reduction in peak demand for the 
~~; -· 

- there were no major recent renovations to the building envelope which have improved the airtightness 

of the building; and 

- owners are willing to participate in the weatherization program. 

The above preliminary criteria are the minimum requirements which should be met before considering the 

building for further assessment. 

4.1.2 Identification and assessment of potential benefits 

Once the building satisfies the minimum set requirements and is pre-screened, a detailed technical 

assessment should be conducted to identify the potential benefits in terms of peak demand reduction and 
energy savings using the air-sealing assessment procedure (described in the following sections). The air 
leakage assessment procedure will lead through not only peak demand and energy consumption aspects, but 

also through indoor air quality and thermal comfort aspects arising from air leakage control. Such an 
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assessment or audit of the building will assist in developing a cost-effective work plan for the air leakage 

control. The following components should be identified: 

- potential reduction in peak electrical power and energy consumption, 

- determination of Hydro's cost incentive based on· peak demand reduction, 

- cost estimates of air leakage control with and without Hydro's incentives, 

- cost-benefit assessment based on priorities for air leakage control, and 
- a preliminary work plan or action plan for the implementation of air-sealing. 

If the air-leakage assessment procedure does not show acceptable benefits to either Ontario Hydro or to the 

building owner(s), the building should not be considered for weatherization. Otherwise, the engineering 
assessment of the air leakage in the building will become the stepping stone for further work. The air 

sealing assessment procedure will also provide a preliminary work plan for air sealing work. 

4.1.3 Implementation 

Implementation of air sealing work involves several factors: 

- Selection of an air leakage control contractor from Ontario Hydro's approved list 
- Air-sealing of the building as per the approved work order developed using the air-sealing assessment 

procedure 
- Quality control and field inspections 

Air-sealing of the building envelope is a very specialized trade. The success of weatherization depends on 
the quality of air-sealing of the building. In these regards, Ontario Hydro may have to develop specific 
training programs for contractors so that the high work quality and uniformity can be maintained. A quality 
control inspection should be· conducted by the air-sealing assessor to verify the air-sealing. Performance 
based contracting is another way to maintain high-standards of quality. 

A recent report prepared by Con-Serve Group and CanAm Building Envelope Specialists Inc. for Ontario 
Hydro provides the details on a training program for air leakage contractors, installation guidelines and air­
sealing materials and equipment [CANAM 1991]. 

4. 1.4 Assessment of weatherization program with regard to DSM objectives 

Initially, there should be strict assessment of each air-sealed high-rise building to establish the effectiveness 

in reducing the peak power demand. A detailed monitoring of power demand and energy consumption 

before and after air sealing may be necessary to obtain reliable data. A quick comparison between monthly 
peaks may be sufficient enough in some cases. 

Once there is sufficient confidence in the implementation of air-sealing work, a random sample of 5 to 10% 
of buildings can be compared for the benefits of air-sealing. A periodic assessment of the weatherization 
proeram should be conducted to ewiluate its results in achievinB the DSM i;et goalci. 
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4.2 Air Sealing Techniques 

The following guidance of air-sealing the high-rise buildings has been gathered from various sources and the 
practical experience of air leakage control contractors. The guidance can be equally applicable to retrofit 

and new buildings. 

4.2.1 Minimize Stack Effect 

Stack effect is a function of the building height, wind velocity and direction, and the temperature difference 

between indoors and outdoors. The created draft is in turn affected by certain external conditions, primarily 
the size and location of openings and pressures exerted on the draft. 

As seen before, for tall buildings stack effect can be a predominant driving force for air leakage and hence 
account for a very substantial portion of the total heat loss. Since it is present continuously, the energy 

required to balance stack effect will be a higher portion of the total heating energy consumption. Thus it 
is very important to limit the stack effect in tall buildings. 

With regard to vario~s leakages th~ following suggestions are offered: 

1) Cracks arow:id . doors to lobbies, elevators, stairwells and fire towers should be sealed as much as 
possible by some means of weatherstripping or caulking. 

2) Lobby entrances should be equipped with double doors or revolving doors. 

3) Retail shops incorporated in residential buildings' ground floors should be studied for careful and 
proper control of openings between shops and an adjacent lobby which could be another path for 
air infiltration. 

4) All openings for mechanical equipment such as outdoor exhaust and relief air louvres should be 

equipped with properly designed dampers having neoprene edges so that positive shut-down with 

minimum leakage can be achieved. Any other openings made to accommodate mechanical work, 

such as clearance around piping in walls and floors, should be effectively plugged to reduce air flow. 

5) Care should be taken in the construction of core walls to eliminate the possibility of excessive 

cracking and consequent air infiltration. 

6) Careful selection of door self-closures for stairwells should be made to ensure that they can function 
and close against stack effect. 

7) Mechanical ventilation equipment and he~t recovery systems should be monitored and serviced 
regularly to ensure design specifications and proper operation are being maintained. Often, when 
this type of equipment is not maintained after a building's construction, proper operation deteriorates 
resulting in serious heating losses. 
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In regard to pressure influencing draft, the following points can be made: 

1) A positive pressure developed within the building will effectively reduce the amount of infiltration. 

Consequently, the mechanical ventilation system should introduce a decidedly greater quantity of 

fresh air into the building in comparison to the amount of air exhausted. However, energy 
implications should be considered for such changes in retrofit situations. 

2) Since stack pressures will be developed in elevator machine rooms through the shaft smoke holes, 

the design of their ventilating systems should take this into consideration. A fan supplying air to the 

machine room and connected to the outdoors should be capable of developing the required system 

pressure losses plus the stack pressure. An exhaust fan, on the other hand, should be selected on 

the basis of the stack pressure acting in concert with the fan's developed pressure. In many cases, 
an exhaust fan for upper floor ventilation is not necessary since the stack pressure could provide for 
the proper quantity of exhaust air through controlled openings to the outdoors. 

Many buildings have an elevator penthouse with a thermostati~y controlled exha~t fan and louvres. 
During operation, these devices depressurize the building and increase infiltration problems at the 

ground level. 

3) A possible solution is the installation of a static pressure control in the . elevator machine room to 
modulate motorized dampers in louvred outdoor openings. This arrangement would utilize the stack 
effect as the pressure required for the proper exhaust of air. As the outdoor temperature increased 
and the static pressure fell off, the machine room temperature would tend to climb due to improper 
ventilation. A thermostat would automatically start the exhaust fan and possibly an air supply system. 

Another solution is to close outdoor dampers and mechanically cool the elevator mac~e rooms. 

4) Although stack effect is Lhe most importanr cause of air infiltration, it is important to note that wind 
pressure is an important factor on the overall building pressure. The overall infiltration rate is 
governed by the larger of the two motive forces, and the exterior wall pressure differences at any level 
caused by wind and srack action~are addirive. 

5) If, by air pressurization, the "neutral zone" is lowered to ground level, air infiltration is eliminated but 
exfiltration is increased. The required rate of supply of outside air can be calculated. Reducing the 
infiltration rate by pressurizing incurs a high heating cost penalty. It is more economical to pressurize 
the ground floor only, provided the ground floor enclosure is reasonably air tight. Vestibule supply 
units can also play a part in reducing air inrush at the entrance door. 

6) Studies have been concluded on high rise buildings at Lhe National Research Council of Canada, with 

regard to using the central shaft with blowers to blow downward from the neutral level, in an attempt 

to reduce air pressure differences across exterior walls. The results show reductions in pressure 

differences across the exterior walls would depend on the recirculation rate and the internal 

_ resist~ce of a building. Inside pressures of a building with a low internal resistance will not be 

altered sufficiently to affect the pressure differences across the exterior walls. 
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It was also noted that if both infiltration and exfiltration were eliminated by this means, then the 

pressure differences caused by temperature differences (stack action) would be transferred from the 

exterior walls to the walls of vertical shafts which can give rise to difficulties in operating elevators 

and stair doors. It is probable that the operation of this type of system would be difficult. The 

preferred approach to reduce infiltration is by better outside wall construction so that walls are 

relatively air tight, rather than using ventilation fans for pressurizing buildings. 

4.2.2 Minimize Air Infiltration In High-rise Buildings 

1) An infrared scan (thermograph) permits the location of warm air losses when the outside temperature 

is low. Surface temperature indications using thermography (or surface temperature probes) not only 

reveal variations in insulation, but also highlight unusual leakage areas. 

2) To control infiltration, a review of the following building characteristics is recommended: 

a. Air leakage through roof vents and sky lights; 

b. Air leakage up elevators and stairwells; 

c. Air leakage at revolving entrance doo~s or pressurized double door entrances; 

d. Air leakage through shipping and receiving rooms; 

e. Air leakage through open windows; 

f. Heat loss through ventilating systems. 

3) Air infiltration alone cannot be relied upon to provide an adequate amount of outdoor air for the 
ventilation of buildings with curtain wall construction and fixed glazing. The heating load caused by 

ventilation air was found to be one of the major components of total heating load. Reducing air 
infiltration by mechanically pressurizing a building can represent a high heating cost penalty. 

4) Roof and perimeter wall junctions in high-rise multi-residential buildings should be considered to 
reduce heat loss at a considerably small cost. 

5) Control of entrance infiltration is an important way to reduce building energy consumption. Entrance 

traffic rate, height of building and temperature differences cannot be controlled. Reducing entrance 

infiltration can be accomplished by one or more of the following: 

a. Reducing the pressure differential across the entrance by sealing or tightening other parts of the 

building envelope; 

b. Reducing the pressure differential across the entrance by pressurizing the structure with outdoor 

ventilation; 

c. Sealing the entrance by using the proper type of entrance doors (revolving doors): There should 

be no infiltration across entrances no malter how high the building. 

6) A critical location for leakage in buildings is associated with the junction of wall and roof and wall 
and ground floor. This may be further aggravated when dropped ceilings are provided for service 

spaces and the exterior wall above the ceiling is left wisealed or is inadequately treated with regard 
to air tightness. 
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7) Air leakage through exterior walls can also occur when the structural system or services penetrate 
the air barrier, or where joints between dissimilar materials or components occur. Masonry can not 

be installed tightly to structural steel columns and beams. 

8) Air leakage should never be relied' upon for ventilation or air supply and exhaust. 

4.3 lmplementatlon of Air Sealing Program 

The implementation of a province-wide air leakage control program will be required to meet the DSM 

objectives. In each electrically heated high-rise residential building, the air-sealing would involve the 

following components: 

1. Pre-screening of the building for air leakage control; 
2. Field assessment of air leakage and potential control strategies, cost benefits, and decision scenario; 

3. Selection of an air leakage control contractor from Ontario Hydro's approved list; 

4. Air-sealing of as per the approved work order developed using the air-sealing assessment procedure; 

and 
5. Quality control and evaluation based on DSM objectives. 

Appendix A provides more information on above components. 

4.4 Related Issues 

This project set out with a principal objective of developing the required assessment procedure for evaluating 
the potential effects and benefits of air sealing of high-rise buildings. Feasibilities of air-sealing work was 

demonstrated and validated with the measured reductions in peak power demand. There are still certain 
components which should be looked into for a successful implementation of the high-rise residential 
weatherization program. 

- The computer implementation of the assessment procedure would assist in further simplification of the 

procedure by making it more user-friendly. The assessment procedure was developed in the modular 

fashion to ease the computer implementation. 

- A detailed quality control program should be established to verify and raise a higher degree of 

confidence in the assessment procedure. This would involve "whole" building airtightness tests and 

energy consumption monitoring of at least 5 to 10% of the proposed buildings. 

- A training program should be established for the air-sealing assessors and the air leakage control 

contractors to effectively implement the program. 

The implementation of a high-rise leakage control (weatherization) program must be done with full 

consideration of the issues related to performance contracting, training of air-sealing assessors and air 
leakage control contractors, and quality control. Effective implementation of such a program would benefit 

Ontario Hydro and the building owners. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

A simplified procedure has been developed for assessing air leakage and its control potential for electrically 

heated high-rise residential buildings of eight storeys and higher (20 m or higher). This procedure has three 

components: field assessment of air leakage paths in the building; calculation of air leakage rate at the 

· winter design conditions; and cost-benefit assessment and development of work plan for air-sealing. 

Two high-rise residential buildings were selected for the demonstration of air-sealing work and the validation 

of the assessment procedure. The monitored results showed that the peak demand reduction in the Donald 
Street building in Ottawa (floor space of 14,290 m2)1 was 85 kW at the winter design condition5 (11 % of the 

peak electric demand). The saving in energy consumption during the heating season was 165 MWh or 
roughly 12% of the space heating energy use. At the Bridleview building in Toronto (floor space of 9,825 

m2 
- building make-up air heated with nat~al gas), the electric demand reduction was 42 kW (8.5% of the 

peak electric demand). The savings in electric energy consumption during the heating season was 63.3 MWh 

or roughly 6.5% of electric space heating energy use. The assessment method predicted the potential savings 

in energy and power consumption within 5 to 10%. 

Based on the successful demonstration of air-sealing work and the assessment procedure, it can be concluded 

that the air leakage control or weatherization offers a potential to reduce the peak electric ·demand by 4 to 

10 W /m2 of floor space depending on the location and building characteristics. A simplified analysis of 

Ontario's high-rise residential building stock suggests an air leakage control potential of roughly 6 W/m2 of 

floor space. 

Cost-benefit assessment showed that the average cost of air-sealing varied from $645 to $880 per kW of 
demand reduction for the two test buildings. The sealing of elevator shafts (top, bottom and external walls), 
garbage chutes (top and bottom) and stairways was the most cost effective air-sealing practise in both 
buildings. The second most cost effective methods were the sealing of the exterior envelope, windows and 
doors, based on cost and potential peak demand savings. 

Indoor air quality tests showed that the air sealing of the building had no negative impact on the general 

conditions of comfort and air quality in both buildings. In both these buildings, it was also observed that the 

air sealing had reduced the movement of stale odours. In fact, the sealing allowed for more consistent 

adjustment of air supply to the apartments. 

It is recommended that the assessment procedure be used for the estimation of the air leakage rate in high­
rise buildings. A user-friendJy computer application of the assessment procedure would certainly assist in 

ease of implementation. A detailed quality control program should be established to verify and raise a 

higher degree of confidence in the assessment procedure. 

The impleme~tation of a high-rise leakage control (weatherization) program should consider the issues 
related to perfomiance contracting, training of air-sealing assessors and air leakage control contractors, and 
quality control. Successful implementation of .such a program would benefit both Ontario Hydro and the 
building owners. 
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HIGH·RISE RESIDENTIAL BUILDINGS WEATHERIZATION PROJECT 

PROCEDURE FOR ASSESSING AIR LEAKAGE AND POTENTIAL 
CONTROL IN HIGH-RISE RESIDENTIAL BUILDINGS 

(Electrlcally Heated Eight Storeys and Higher) 

The purpose of this procedure is: 

to characterize the building and assess its air-sealing potential and to reduce energy usage; ~d 

to estimate the relative importance of various air leakages and to establish the priorities for air-sealing 
work. · 

The procedure has been assembled in the following parts: 

auilding Aqdit and Field Inspection . 
Estimation of the Unco~trolled Air Leakage Component 
Determination of Air Sealing Priorities 
Development of Work Plan for Air Sealing of the Building. 

The building should be described by completing the first part - Building Audit and Field Inspection - during 
the site visit. The attached Guide provides the description of various field inspection procedures and suggests 
"what to look for' the building to assess air leakages. The Guide also suggests appropriate air leakage 
characteristics of various building envelope components. 

The second part assists in the estimation of the uncontrolled air leakage component as a whole. With the data 
gathered from the field visit, the calculation of air leakage is determined using the step-by-step method. The 
electric savings potential in reducing the leakage is then calculated. The Gulde explains each step in detail with 
an example. 

The third and fourth parts deal with determining the air sealing priorities and the development of a work plan 
for air-sealing the building. · 

Please read the attached Gulde to familiarize with the air-sealing assessment procedure. 



HIGH-RISE WEATHERIZATION PROJECT 

PROCEDURE FOR ASSESSING AIR LEAKAGE AND POTENTIAL 
CONTROL IN HIGH-RISE RESIDENTIAL BUILDINGS 

•,•:· .. :-··-;.;.·. 

lnspecdon Date: Time: 

Identification Number: 

1. Bulldlng Identification 

1.1 Job Name and Address 

Job Name: 

Address: 

Contact: Phone: ( ) 
FAX: ( ) 

1.2 Customer Name and Address 

Customer Name: 

Address: 

Contact: Phone: ( ) 
FAX: ( ) 

Other Contacts: Phone: ( · ) 

Phone: ( ) 
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2. Site Plan 

Please sketch of plan view and elevation. Indicate the overall dimensions, north arrow directions and 
ground floor, and typical floor and roof layout. (From architectural drawings or site-plans if available.) 
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Bulldlng Dimensions and· Areas (from drawings and plans if available) 

Bulldlng Floor Area and Volume: Determine the total enclosed heated and unheated floor area of the 
building. 

Exposed Building Envelope Area: Determine the total building envelope area using the exterior 
dimensions, inclusive of walls, roof, windows (including frames), doors and exposed floors. 
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3. Building Description and Occupancy 

Year of Construction: 

Type of Construction: 

Occupancy: 

Number of Suites: 

Wind Shielding: 

Building Shape: 

(plan view) 

D 

D 

lBR: 

Number of Stories: 

(total) 

2BR: 3BR: Other: 

(Consider the surroundings within a radius of the height of the building 

times 4 or so.) 
1. Building in an open and flat terrain (very exposed - e.g., airport) 
2. Suburban (exposed - cluster of low-rise buildings only) 

. 3. Urban (mostly shielded - by other high-rise buildings) 

1. Rectangular or square 

3. C shaped 
5. T shaped 

2. L shaped 

4. E shaped 
6. Other 

Compass Orientation of Front Wall (degrees from North): I I or one of the below: .I I 
1. North 2. NE 3. NW 4. South 5. SE 6. SW 7. East 8. West 

Building Dimensions: 
(from plans/sketch) 

Total Floor Area: 

Building Volume: 

Building Exterior Envelope Area: 
(above grade) 

Width (Front Wall): m 

Heated: 

Unheated: 
Total: 

Heated: 
Unheated: 
Total: 

Walls: 
Windows: 
Roof: 
Doors: 
Other: 
Total: 

Length: m 
Height: m 

m2 
m2 
m2 

m3 
m3 
m3 

ma 
mz 
m2 
m2 

______ m2 
m2 
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4. Energy Use 

4.1 Fuels by End Use 

Space Heating: 0 

Space Cooling: D 

Make.;up Air Heating: 

(Supplied to corridors) 

Make-up Air Cooling: 

(Supplied to corrid~rs) 

Hot Water: 

4.2 Electric Rates 

D . 

D 

1. Electric Baseboard 

3. Natural Gas 

2. Central heating by electric 

4. Oil or other 

1. Window air-conditioners (how many? I b 
2. Central cooling using electric chillers 
3. Other 4. Nooe 

1. Electric Baseboard 2. Central heating by electric 

3. Natural Gas 4. Oil or other 

1. Central cooling using electric chillers 

2. Other 3. Nooe 

D 1. Electric 

3. Oil 

2. Natural Gas 

4. Other 

Consult with local Hydro representative or check the current electric bill to indicate applicable format 

and electric rates. 

Type of Service: D 1. Residential 2. General 3. Commercial 4. Time of Use & Large User 5. Other 

WINTER SUMMER 

Energy: First kWh at cents/kWh cents/kWh 
Next kWh at cents/kWh cents/kWh 
Next kWh at cents/kWh cents/kWh 
Balance kWh at cents/kWh cents/kWh 

Demand: First kW at $/kW $/kW 
Balance - kW at $/kW $/kW 

Peak Demand Hours: From -- o'clock to o'clock (Winter) 
From o'clock to o'clock (Summer) . 
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Front Wall Right Wall Back Wall Left Wall 

( ) ( ) ( ) ( ) 
BuflcUng Component Lakagc Lcabgc Leakage Leabge Leabp Leabgc Lcatage Lcabgc 

Length au. Length ea. Lc:aph a.. Lcqtb a.. 
Type 4: 

Description: 

Size: 
Quantity: 

-Weatherstripping Perimeter 

per window: m -- -- --
-Caulking perimeter: __ m -- --
-Other -- --

Doors 

Type 1: 
Description: 

Size: 
Quantity: 

-Weatherstripping Perimeter 
per door: m -- -- --
-Caulking perimeter: __ m -- --
-Other -- -- --

~e2: 
Description: 
Size: 
Quantity: 

... 
-Weatherstripping Perimeter 
per door: m · -- - - --
-Caulking perimeter: __ m -- -- --
-Other -- -- -- --

Type 3: 
Description: 

Size: 
Quantity: 

-Weatherstripping Perimeter 

per door: ·m -- -- -- --
-Caulking perimeter: __ m -- -- --
-Other --
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Front Wall Right Wall Back Wall Left Wall 

( ) ( ) ( ) ( ) 
Building Component Leabge Lcabge Leabge Leabge Leabge Leabge Leabge Leabge 

Lcogtb ea. Lcogtb a.s Length ea. Lengtb Clas 

Envelope Leakages 
Description: 

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

Louvres and Exhaust 
Hatches 
-Size of exhaust louvre: -- -- -- ' -- --
-Fresh air fan grilles: -- -- -- -- --
-Laundry room exhaust: -- -- -- --
-Other -- --.- -- --

Miscellaneous 
-Water hose bibs -- -- -- -- --
-Electric fixtures -- -- -- -- --
-Fire hoses -- -- --
-Transformer entry door -- -- - --
-Other -- -- -- -- --
- -- -- -- --
- -- -- --

Other Notes 

1. -- -- -- -- --
2. -- -- -- -- --
3. -- -- -- -- --
4. -- -- - --
s. -- -- -- -- -- --
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6.2 Typical Floor (Between 2nd and Top Floor - Exterior Envelope) 

Front Woll Right Woll Back Wall Left Woll 

( ) ( ) ( ) ( ) 
Building Component 

Lcabgc Leakage Lcakagc Leakage Lcabgc Leakage l.Aabgc Lc:abgc 
Length Class Length Class Length Class Length Cass 

Windows 

Type 1: 
Description: 
Quantity: __ 

-Weatherstripping Perimeter 
per window: m -- -- --
-Caulking perimeter: _ . __ m -- -- --
-Other -- -- --

Type 2: 

Description: 
Quantity: __ 

-Weatherstripping Perimeter 
per window: m -- - - -- -- --
-Caulking perimeter: __ m -- -- -- -- --
-Other -- -- -- --

Type 3: 
Description: 
Quantity: __ 

-Weatherstripping P~rimeter 
per window: m -- -- -- --
-Caulking perimeter: __ m -- -- -- -- -- -- -- --
-Other -- -- -- -- -- -- -- --

Doors 

Type 1: 
Description.: 
Quantity: 
-Weatherstripping Perimeter 
per door: m -- -- -- --
-Caulking perimeter: __ m -- -- -- -- --
·Other -- -- -- -- --



Front Wall Right Wall Back Wall Left Wall 
( ) ( ) ( ) ( ) 

BuJldlng Component Lemp Leabge Lcabp Leabge Leabgc Lcabge LcabF Lcabge 

Length Qus Length Qus Length a.. Length Qus 

Type 2: 
Description: 
Quantity: 
-Weatherstripping Perimeter 
per door: m -- -- -- --
-Caulking perimeter: __ m -- -- -- -- - --
-Other --

Envelope Leakages . 
Description: 
1. -- -- -- --
2. -- --
3. -- -- -- --
4. ·- ·- -- -- -- --
5. ---- -- -- --
6. -- -- -- --
7. -- -- --

' 8. -
Louvres and Exhaust 
Hatches 
-Size of exhaust louvre: -- -- -- -- -- --
-Fresh air fan grilles: -- -- -- -- --
-Other -- -- - --

Miscellaneous 
-Electric fixtures -- -- -- --
-Other -- -- -- -- --
- -- -- -- --

Other Notes 

1. -- -- -- -- -- --
2. -- -- -- -- --
3. -- -- --



6.3 Underground Parking and Basement Survey 

Please refer to Gulde for more information. Air leakage into a basement or underground parking may be 
controlled by sealing the perimeter envelope, above grade and below, or by sealing the separating elements that 
isolate the basement from the building above. It is always preferable to focus only on sealing the separating 
elements: the floor above, all penetrating shafts, stair doors, elevator vestibules etc. In such cases, only these 
separating elements need be assessed below. 

Description Air-Sealing Leakage Leakage 
Method Length (m) Class 

1. Basement Exterior Doors: 

- Weatherstripping perimeter: m. 

- Caulking perimeter: m. 

Basement Exterior Windows: 

- Weatherstripping perimeter: m. 

- Caulking perimeter: m. 

Exterior Envelope Cracks above Grade 
Description: 
1. m. 
2. m. 
3. m. 

SEPARATING ELEMENTS 

2. Electrical Room 
1. Cable penetrations to the building m2 

2. 

3. 

3. Boiler Room 
1. 
2. 
3; 

4. 
1. Elevator vestibule 
2. Stairwell and door 
3. Other 
4. 
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6.4 Mechanical Room, Penthouse and Roof Inspection 

Please refer to Guide for more information. Air escaping the building through the mechanical room/penthouse 
may be controlled at the separation between the building and the ·room, or by attempting to seal the exterior 
envelope of a room, fan louvres etc. The former is almost always the more cost-effective line of attack. In such 
case, the assessor may ignore the following points on the penthouse envelope and focus only on the building roof 
and stairs. 

Description Air-Sealing Leakage Leakage 
Method Length (m) Class 

Exterior walls and roof joint: 
1. 
2. 
3. 

Exhaust Fans and Penthouse Ventilation Louvres 

Floor Penetrations (building roof/penthouse Ooor): 
1. Pipe penetration 
2. Cable penetration 
3. Ducts 

Stairs Connected to Penthouse (or Mechanical Room) 
1. 
2. 

Access Hatches at the Roof 

Elevator Shafts 
1. Opening at the Cable Drive - 1 m2 

2. Opening at the Cable Drive - 2 m2 

3. m2 

Smoke Shafts 
1. Opening area at the top m2 

2. m2 

Garbage Chute Hatches at the Roof 
1. Opening area at the top m2 

2. m2 

Other 
1. 



7. Interior Survey 

Air leakage paths through the building envelope should also be assessed from the inside: Entry and overhead 
doors, main entrance overhangs, laundry room exhaust vents, garbage room chute, smoke shafts, pipe 
penetrations, fire doors, perimeter baseboard heaters, elevator shafts and garbage room. 

7.1 Ground Floor, Hallway, Stairwell, Elevator Shafts and Service Shafts: Leaks to Outdoors 

Description Alr·SeaUog Leukage Leakage 
Method Length (m) Cluss 

1. Ground Floor 

- Main entrance projections 

-· Other 

Envelope Leuks 
1. 
2. 
3. 

. 
Service Rooms 

1. 
2. 
3. 

Halls 
1. 
2. 
3. 

Other 
1. 
2. 
3. 
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(Interior Survey: Ground Floor·and Shafts - Continued) 

2. I Elevator Shafts: 
Leaks to outdoor: 
Other leaks: 

Garbage Chutes: 
Leaks to outdoor: 
Other leaks: 

Stahwells: 
Exposed opening: 

Envelope leaks: 
1. 
2. 
3. 
4. 

Fire Shafts (or Smoke Shafts): 
Leaks to outdoor: 
Other leaks: 

ma 
_ _____ m2 
_ _____ ma 

_ ____ _ ma 

------.ma 
_ _____ ma 

m 
m 

m 
m 

ma 
ma 

m2 
m2 
m2 

Class width ma 

Class width m2 

Class width mz 

Class width ma 
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7.2 One Bedroom Suite Inspection (Leaks to outdoor) 

Description 

1. I Interior Inspection 

Baseboard heater: ----

Leaks around pipes and cable penetrations: ----
Leakage around exhaust fan ducts through exterior 
envelope: m2 

Envelope leaks which are not included elsewhere: 

1. 
2. 
3. 
4. 

m2 

m2 

Air-Sealing 

Method 

Leakage 
Length (m) 

Leakage 

Closs 

2. I Depressurlzatioo test: If the unit is depressurized using the blower door fan, note the various air 
leakage paths using smoke pencils or tracers. The air leakage from exterior envelope, party walls, 

exhaust fan, and pipe penetrations should be noted as follows: 

1. Baseboard heater on exterior wall: Is the leak from baseboard heater an outdoor air leak or 
coming from party walls? If the air leak is from the party wall then the baseboard leak may 

not be a through envelope leak. 

2. Floor and exterior wall joints 

3. Ceiling and exterior wall joints 

4. Balcony 

5. Window I wall joint 

6. Door and wall joint 

7 . Other observations 
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7.3 Two Bedroom Suite Inspection (Leaks to outdoor) 

Description 

1. I Interior Inspection 

Baseboard heater: ____ m2 

Leaks around pipes and cable penetrations: ____ m2 

Leakage around exhaust fan ducts through exterior 
envelope: m2 

Envelope leaks which are not included elsewhere: 
1. 
2. 
3. 
4. 

Air-Sealing I Leakage 
Method Length (m) 

Leakage 
Class 

2. I Depressurlzatlon test: If the unit is depressurized using the blower door fan, note the various air 
leakage paths using smoke pencils or tracers. The air leakage from exterior envelope, party walls, 
exhaust fan, and pipe penetrations should be noted as follows: -

1. Baseboard heater on exterior wall: Is the leak from baseboard heater an outdoor air leak or 
coming from party walls? If the air leak is from the party wall then the baseboard leak may 
not be a through envelope leak. 

2. Floor and exterior wall joints · - -

3. Ceiling and exterior wall joints 

4. Balcony 

5. Window I wall joint 

6. Door and wall joint 

7. Other observations 

I 
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7.4 Three Bedroom Suite Inspection (Leaks to outdoor) 

Description 

1. I Interior Inspection 

Baseboard heater: ----
Leaks around pipes and cable penetrations: 

Leakage around exhaust fan ducts through exterior 
envelope: m2 

Envelope leaks which are not included elsewhere: 
1. 
2. 

3. 
4. 

m2 

m2 

Air-Seallng I Leakage 
Method Length (m) 

Leakage 

Class 

2. I Depressurization test: If the unit is depressurized using the blower door fan, note the various air 
leakage paths using smoke pencils or tracers. The air leakage from exterior envelope, party walls, 
exhaust fan, and pipe penetrations should be noted as follows: 

1. Baseboard heater on exterior wall: Is the leak from baseboard heater an outdoor air leak or 
coming from party walls? If the air leak is from the party wall then the baseboard leak may 
not be a through envelope leak. 

2. Floor and exterior wall joints -· 

3. Ceiling and exterior wall joints 

4. Balcony 

5. Window I wall joint 

6. Door and wall joint 

7. Other observations 

~1:A1r··s~a1t?fi~~~il~i~f~~~4ij;9:~%~~~~~:.~,~,1:~~¥!~ilf:~~fMf~~1Jlt~i~.rill~~i3~~-~~~~i~;~~ 



8. Miscellaneous Data 

Description Air-Sealing Leakage Leakage 

Method Length (m) Class 

1. 

2. 

3. 

. .. 

4. 
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HIGH·RISE RESIDENTIAL BUILDINGS WEA THERIZA TION PROJECT 

PROCEDURE FOR .ASSESSING AIR LEAKAGE AND POTENTIAL 
CONTROL IN HIGH-RISE RESIDENTIAL BUILDINGS 

(Electrically Heated Eight Storeys and Higher) 

f :t~ti~~f -~t!ii]~~ti~i11'-t~!iii~l~t~li1,Jll~iiil.q_~:~J,~~~~~~:t~~~~~'.;;j 
The estimation procedure includes the following sections: 

Determination of air leakage area 

Determination of pressures due to stack, wind and mechanical ventilation 
Calculation of air leakage flow rates at different heights 

Estimation of net air leakage component 
Estimation of savings in peak electric beating demand and energy consumption due to air-sealing 

Determination of air-sealing priorities 

1. Weather Data 

The peak air infiltration occurs during the peak winter design conditions. The winter design conditions can be 
obtained from Table ?? of Guide or National Building Code. (For example, the winter design temperature for 
Toronto is -18 C, ~ean wind speed for air leakage calculations is 11.5 mis and the heating degree days are 3646 
C-days.) The field inspection visit provides information on the surrounding wind shielding conditions. 

Location 

Winter Design Temperature 2.5%, °C 

Mean Wind Speed, m/s 

WJod Shield.Jog and Terrain Type 

Heating Degree Days (below 18 °C) 

2. Calculation of Air Leakage Area 

Determine the air leakage area using the field inspection data. 

J~~~~~!~~~~-~~-~~'ent:'Procedur;·~ :~:~; ?~::;·rrt .. ;:,~;~~f~}~l::~~~~~~~ttll-~t~1~},~~~~P.~§'.·~·~~,~ 



Storey I Component 

(1) (2) 

Ground -:W-$~~~:: :-::,.::: ,;,::•· 

Leakage 
Length 

& Class 

(3) 

Front Wall 

Assign 

Leakage 
Value 

(4) 

Leakage 
Area 
(m2) 

(5) 

'}''~~·1;,:·4· 1 ·::·;: ;~' t I · b ,,~tr~:; 

Leakage 
Length 

& Class 

;::-::_:.­
::;:· ~-

(6) 

Right Wall 

Assign 

Leakage 
Value 

(7) 

Leakage 
Area 
(m2) 

(8) 

Leakage 
Length 

& Class 

(9) 

Back Wall 

Assign 

Leakage 

Value 

(10) 

Leakage 

Area 
(m2) 

(11) 

Leakage 
Length 

& Class 

(12) 

Total 
Left Wall Leakage 

Assign Leakage Area, m2 

Le~ Area 5+8+ 
Value (m2) 11+14 

(13) (14) 

-exterior Type 1 I 

envelope Type 2 I 

',)~ ;·.f?~'1Fww1 =·:~·-~:-· _=, H?mr:f~~,~;1 ·.~ ;~~~~-;::'.·r. ... ;~ 1 :t~it:i:.:=;,~J~,:1i:_.~;~::it111a~t:~~;:1~r~1101tlii; 

Type3 

Type4 

Total 

Dib&~{, •. ·~-- ~. ' 
.1-..•J"i.'-'• · .f •• • •• 

:< •• ,, • 
.. 

Type 1 

Type2 

Type3 

Total 

!!lilt~:~· r~l,t1~1'.·r:l i~fl~l~1~ii t;ir~1t:~~:0~~:~ ~·:Tu:j~-,~lit: 
1. 

2. 

3. 

4. 

5. 

Total 

,_.,, ... ._._ :··,. ,,y .. ,;,;-,-.-~-, .. ;,._:_« ''·''" ::;·;;.'f •.;:<;->-.- '··=:" .:·, ... 
Air se~'~ref ~~~~spte~t~tp·~~~ute 
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~ •• ·r ....... 
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Storey Component 

(1) (2) 

Leakage 

Length 

& aass 

(3) 

Front Wall 

Assign 

Leakage 

Value 

(4) 

Ground iM.!J~\11,,~~:~\H'.::~:t.:-. :H7i; ,:r;;;t~ ~,~: r:~;. ,,;_). 
-exterior I Exhaust louvres 

envelope I Fresh air fan grilles 

"Laundry exhaust 

Water hose bibs 

Electric fixtures 

Fire hoses 

Other 1. 

2. 

3. 

Total 

Air: sea1i~g ~~~e~~~nl. .f'li=6ci1iure · 
• ,- • ·;, ' ;)' :. :.:· .. ..:..;c~;- • ,:..:::,..'-:'~~ .-.. ~ 

Leakage 

Area 

(m2) 

(5) 

': .-:j J~:;~,:_:~'.: ... 

1 · 
) ... , 

Leakage 

Length 

& Class 

(6) 

,,,Y_,;i.>t•: 

·_::: ... . 
: ,'a':·/ : 

Right Wall 

Assign Leakage 

Leakage Area 

Value (m2
) 

(7) (8) 

Total 

Back Wall I Left Wall I Leakage 

Leakage Assign Leakage Leakage Assign Leakage Area, m2 

Length Leakage "Area Length ~ Area 5+8+ 

&aass Value (m2) &aass Value (m2) 11+14 

(9) (10) (11) (12) (13) (14) 

<: . : :: ·:··-::.:;,:·, :. · ,, Page "B-3 
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Storey Component Total Front Wall I Right Wall Back Wall Left Wall Leakage 
Leakage Assign . Leakage Leakage Assign Leakage Leakage Assign Leakage Leakage Assign Leakage Area, m2 

Length Leakage Area Length Leakage Area Length Leakage Area Length Leakage Area 5+8+ · & Oass Value (m2) &Oass Value (m2) &Oass Value (m2) & Class Value (m2) 11+14 
(1) (2) (3) I (4) I (5) (6) (7) (8) (9) 

Typical 1·W~~~ll&~;~w.::~Jt~ .. ;: ;~!f:[i:· .. '·:~. ~ ::::~t~;:~~'.'.t:.: i~-~::i:lX ~;~ ,;:t~HT ~t~--'t.tif=X· ~~:~;_:filti 1:£~':: ~i. 
(10) (11) (12) (13) (14) 

Door Type 1 • • • 'I 
I I ---. • 

between Type 2 I I I . 'I 
I 

2nd and Type 3 1 • 1 'I 
• I top Type4 

Door Total 

-exterior ,~~Y'~~,:~'.:.~=~t:~-r ,: - :c: -;-.-7.1. -~· : :· .... ( .. 
~·;..~:~ i: 

;_; ;_~· 

~- ~- ~- , ··:;; :::, rr.z:~1~sf~~~ 1· ', :::::~ 
, •,:. 1tfrn~:~ . ::~·#::::~ Jlf::f?{~'.: (-_-·· .<:.;~~:/1~t!, 1-~~~~trvJt~E:~' /~\,: ._,~ ~ • ,•· • , ., ... h -1 ''.: ~-" ,.-: .. 
; ~ :II •• 

envelope I Type 1 I I I I I I . I I I I I l 3 1 l I, 
Type2 

Type3 

Total 

1:111mlW1· ~t~l~liil'. :· ,_;11~1 ~-r::~:~~_;;:; :· ~~t:~• lrf.il~II'' 11111 
1. 

2. 

3. 

4. 

5. 

Total 
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Total 
Storey I Component Front Wall Right Wall Back Wall I Left Wall I Leakage 

Leakage Assign Leakage Leakage Assign 

Length Leakage 

Leakage Leakage Assign Leakage Leakage Assign lukago f'"'"• m' 
Length Leakage Area 

&Oass Value (m2) & Oass Value 

(2) (3) (4) (5) (6) (7) (1) 

Typical W.l~,-~~if'.\.:::'.L~IZ 3,_~ .. ~k : ;.· :. :. ;,: 1i,~lf~~;::':t:~ s ;o ._ • 
. , ...... : z!:~l~:,·: · 

Door I Exhaust louvres 

between I Fresh air fan grilles 

2nd and I Laundry exhaust 

top Water hose bibs 

Door Electric lamps 

-exterior I Fire hoses 

eavelope I Other 1. 

2. 

3. 

Total 

Area 

(m2) 

(8) 

Air s~ling A~~~~m~rit Pro~edure . _ . . , 
,. : .:::.£ . ....:.7··~~'";. _oh·~ ·. ' ' •'' ... \ .... >· .. ~ • . " . .. •· ·•. ,.:~ •· \·,~·.) •• :-: ) -· .'".... : : 

., 

Length Leakage Area Length Leakage Area 5 + 8 + 

& Oass Value (m2) & Class Value (m2) 11+14 

(9) (10) (11) (12) (13) (14) 

~:}~~.::-·~~ ' I o 7f:; -. ~~ - ,r~ 
. .~, ,, ;~v P.i!ge B-5 
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Shafts Leakage Area 

Leaks connecting to outdoors or to top and bottom zones only. 

Storey 
Elevator Shafts Leakage Area, m

2 
Stairwells Leakage Area, m2 Service Shafts Garbage Chute Smoke Shafts I Total Leakage 

---....,------.-------1~----,------, Leakage Area, Leakage Area, Leakage Area, Area, m2 

Elevator - 1 Elevator - 2 Elevator - 3 StaiIWell - 1 Stairwell - 2 m2 m2 m2 

Ground Floor and Basement 

2nd to Top Floor· 

Roof and Penthouse 

-J~ ~~:;·: T()tBl ~;~~-~ : ·~ .. 
:·::·· ... 

• Only -where shafts form part of exterior envelope. 

Ai~ s~'ai~~~ :A~~~~~~nt · P~o~eduie 
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3. Total Leakage Area Summation 

Storey 

Ground and 

Basement 

2nd to Top 

Roof and 
Penthouse 

Windows 
(m2) 

External 
Doors 
(m2) 

Bull ding 

Envelope 
(m2) 

4. Calculation of Air Leakage Rates 

4. 1 Calculation of Stack Pressure, Ps 

Elevator & 

Sen1ce 
Shafts 
(m2) 

Stack pressure, Ps, can be obtained using the following equation: 

P
6
=pg(hl-h2)[T,-TJIT

0
•TDC 

where, Ps = pressure difference due to stack effect, Pa 
rho = air density, kg/m3 (use 1.18) 
T1 = indoor temperature, K (use 293 K = 273 + 20 C) 
T0 = outdoor temperature, K (winter design condition) 

Miscellaneous 
(m2) 

h2 = builwng height at which stack pressure is being determined, m 

Total 
Leakage 

Area 
(m2) 

~~n~~0~*7 
?!~:~ ···~~~ ·~~}' 

Comments 

bl = building height at which neutral pressure plane occurs (assume mid-height of building), m 
TDC = Thermal Draft Coefficient (refer Table?? of Guide) 

The Table ?? provides value of stack pressures for four residential apartment buildings. These values can be 
used for first trial calculations. 

4.2 Calculation of Wind Pressure, Pw 

The wind pressure is given as, 

- :-~;. _ _.,.: ~ .. ~.;_;·:.: :_.'*':--,:::~~==t~~::;\.~~:.~:~;!~. ·;;::;;... ~,·;)~ _._,,:_ : • .;> • .. ' •· "-~~··,{:i·-}::;-~Jf~~it::.i~~tf;· ;~:-~~~~~~~"~t{~n .. 
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P ,,,=(pC,Vi)/2 

where, Pw = average surface pressure due to wind, Pa 
CP = surface pressure coefficient, varies from 0.25 to 035 (refer Table??) 

V H = wind speed, mis 

The wind speed, V H' can be determined using the following equations: 

V8 .. A0 
• V _,•(H/10)" 

where, H = height at which wind pressure is to be determined, m 
V "* = mean wind speed obtained from metrological data. mis 
Ac,, a = coefficients dependent on terrain and wind shielding (refer Table?? of Guide) 

Calculations: 

1. Determine the following to calculate stack pressure distribution: 

Sl = [T1 - T0]/f0 for example, for an indoor temperature of 20 C and outdoor temperature of -18 C, 
value of Sl is [(273+20)-(273+(-18))]/(273+(-18)) = 0.149 · 

Sl = 

S2 = density x gravitational constant = 1.18 • 9.81 = 11.58 

S2 = 

SC = Sl * S2 • TDC for example, 0.149 • 11.58 • 0.8 

SC= 

hl = mid height of the building, m e.g. for a 80 m tall building, hl = 40 m 

2. Determine the following to calculate wind pressure distribution: 

Wl = A. • V m•• for example, for a Toronto building in suburban terrain (A0 = 0.60 and V m•• = 11.5 
mis), Wl = 6.9 

Wl= 

~~~:?~~f1)-,={~1t~}1.iii'-~1r:w.:~~(. :~·;~:;:.: -i:~J ·~ .. ~_ ; ·:·.~:. ;:t?l~t;;l~~~ji~~i~:;rm·'.~·WU- _V·-:.:'.· 
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W2 = density• pressure coefficient I 2 = 1.18 • 0.25 I 2 = 0.148 

W2 = 

4.3 Calculatlon of Air Leakage Rate 

The air flow rate through a leakage area A is defined as, 

where, Q = 

Cd = 
A = 
rho= 

.!iP = 

4.4 Steps 

Q=C4 •A •J2/J.P/p 

Air flow rate, m3/s 
discharge coefficient for the leakage path, varies from 0.65 to 0.85 (use 0.7) 

Leakage area, m2 

density, kglm3 (use 1.18) 
pressure difference across building envelope, Pa 

The following forms are used to determine the air leakage rate at each floor. Steps are as follows: 

Step 1. 
Step 2. 
Step 3. 

Step 4. 
Step 5. 

Step 6. 

Step 7. 

Step 8. 

Step 9. 

Step 10. 

Enter the height of each floor measured from the ground. 
Enter the air leakage area from the previous sections. 
Calculate the wind pressure Pw at each floor level using the equations as described above. The 
average wind pressure acting on the building envelope will induce air leakage in the building. 
Determine the air-flow due to wind Qw using the wind pressure Pw. 
First assume that the neutral pressure plane occurs at the mid height of the building. The 
value of hl will be (height of the building 12). 
Determine the stack pressure Ps using the equations as described above . . The positive value 

of stack pressure indicate .air infiltration into the building and negative values indicate 
exfillralion from the building. 

Determine the air-flow due to stack Qs using the absolute value of stack pressure Ps. Assign 
the algebraic sign to this air-flow as that of Ps. 
Determine the total air-flow Q for the floor, using the quadrature equation as defined above. 
Assign the algebraic sign to this air-flow as that of air-flow due to stack Qs. 
Add the air infiltration flows Qi (positive values of Q) and air exfiltration flows Qo (negative 
values of Q). Compare Qi and Qo. If the difference is more than 5% ((Qi-Qo)/Qi), repeat 
the calculations from Step 5 by shifting the height of neutral pressure plane. If Qi is greater 
than Qo, then assume the neutral pressure plane one floor below than before. If Qi is smaller 

than Qo, then assume the neutral pressure plane one floor above than before. Repeat these 
calculations. 

The net infiltration or exfiltration flow (Qi or Qo) is the uncontrolled air leakage rate. 

(Please reCer to Wustrated example lo the Gulde) 
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Instructions: 11. Height of 2. Leakage 13 .. Wind Pressure Calculations: 4. Stack Pressure Calculations 5. Air-Dow Calculations 

Storey 

Ground 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

building 
measured 

from above 

ground 

Height 

b2 

area as - Wl = A.,* V....,. 
calculated 

from 1-
W2 = air density* Cp / 2 

Table??. = 1.18*0.25/2 = 0.148 

- hl is height of neutral 
pressure plane measured 

from the ground 

- Sl = [T1 • TJff 0 

- S2 = 1.18 * 9.81 = 11.58 
- SC = Sl * S2 * TDS 

• Ql = 0.7*(2/1.18)0s = 0.91 

• Qs = A* Ql * <1Psl>0s 
• Qw = A * Ql * (Pw)os 
_ Q = ((Qs)2 + (Qw)2)os 

Assign proper algebraic sign to Qs and Q 
depending on Ps. 

Air-Dow Calculations Stack Pressure, Ps, (Pa) 
Leakage I Wind Pressure, PIV, (Pa) I I 

AttaA(m'l" W3=(Wl•(h2110)") I m•fN3'f' ~eigl>t I I I I 
Difference 

(h1-b2) 

SC*(h2-hl) Total air-now 
(m3/s) 

Air-Dow due to 
Stack (m3/s) 

Qs 

Air-Dow due to 
Wind (m3/s) 

Qw Q 

... ,; .... ;-;.;,'if-s. 
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Storey Height Leakage Wind Pressure, Pw, (Pa) Stack Pressure, Ps, (Pa) Air-now Calculations 
h2 Are~ (m2

) 

A W3 = (Wl *(hl/10)'") W2*(W3)2 Height SC*(h2-bl) Air-Oow due to Air-Oow due to Total air-Oow 

Difference Stack (m3/s) Wind (m3/s) (m3/s) 

(bl-h2) Qs Qw Q 

13 

14 

15 

16 . 
17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

79 
. 

30 

Total Air Flow (m3/s) 
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4.5 Air Leakage Rate 

The air infiltration ·rate in this building at peak design conditions is m3/s or lJs, 

5. Calculatlons of Reductions In Peak Demand and Energy Consumption 

The peak heating due to infiltration at the design weather conditions can be obtained by 

HLlnfll=Q1pC11l.T 

where, 

lll.inni = heat load due to· air infiltration, kW 
0 1 = air inflow rate, m3/s 
p = air density, kg'm3 (about 1.18) 
CP = specific heat of air, kJ/(kg C) (about 1.0) 

Using standard air p = 1.18 kg/m3
, and CP = 1.0 kJ/(kg C), the above equation simplifies to: 

q=1.l8Q1('.fi-T) 

Infiltration air-flow Qi = m3/s 
Indoor and outdoor temperature difference is °C. 

Peuk Heutiog Loud, HLin.u = 1.1~ •Qi• (7i - To) 

Peak Heating Load = 1.18. . ( ) kW 

kW 

The above heat load is the total demand due to uncontrolled infiltrati'?n· Total air-sealing of the building would 
reduce the peak heat demand by this amount, but that is not practicable. Cost effective air-sealing will result 
in reducing a substantial portion. The reduction in heat load will be proportional. 

For most high-rise residential the air-sealing effectiveness, s.11ec11ven ... , may vary from 20% to a maximum of 40% 
depending on the extent of air sealing. The assessor's judgement will normally be in that range. 

,~~i~!f!it!fmi~~it~~~~~i~tl~~i!f;}ltJ1;11111r111~111111t1111~~1i1~i~f 



For high-rise buildings consider the following air-sealing effectiveness 

Loose construction, s.rr.euv.n.. = 0.40 

Average construction, S.n.cttv-.. = 0.32 
Tight construction, s.~ = 0.25 

The reduction in peak heating demand due to air sealing will then be: 

HL~n>=S~·~•HLlnJll 

The lll..inm(Reduc:Uon) should be utilized in determining the incentive for air-sealing costs. 

The energy reduction in energy consumption is given as following: 

E•(HL~11>•DD•C)/(A7) 

where, E 
DD 

AT 
c 

= Annual reduction space heating energy, kWh 

= Annual heating degree days, (C - days) 
= Design temperature difference, C (1i - To) 
= C-factor, Credit factor, hours/day 

The value of degree days is obtained from the weather data. The C-factor allows credits for internal heat gains 
due to sun, lights, people, equipment, night setback and for the reduced mechanical ventilation. With these 
internal gains, only a fraction of the full load energy is actually required. This fraction is multiplied by 24 
(hours/day) produces the "C" factor. For high-rise residential buildings, the C-factor varies from 14 to 18 

· hours/day. [Refer Guide for more information.] 

Annual Heating Degree Days, DD = °C-days 
Design Temperature Difference, 4 T = (1i - To) = ( ) = 
C-factor = hours/day 

E•(HLlltll{RMIMaJotil •DD•C)/(A7) 



6. Ranking of Alr·Seallng Priorities 

6.1 Building Components 

Based on component leakage area, the reductions in peak demand can be roughly ranked as follows: 

Building Percentage of Leakage Potential Demand Demand Ranking 

Component Area (from page B-7) Reduction, Reduction, (ascending) 

llL Hll{RMlt:IJotl} kW 

Extei:lor Windows 

Exterior Doors 

Building Envelope 

Elevators & Shafts 

Miscellaneous 

6.2 Leakage Area Distribution 

Plot a distribution of air flows at each floor level on the attached graph. The leakage rates at the basement, 
ground, top floor and penthouse are generally higher than other floors. From the graph determine the 
predominant floors where air leakage rates are higher than other Ooors. If only these floors are air-sealed than 
it would result in reducing a substantial component of air leakage in the building. It has been established with 

several sensitivity analyses that, as a general rule, for a building the top l/3rd and bottom l/3rd height 
contributes more than 75 to 90% of total air leakage in the building (for example, for a 30 storey building, the 
bottom 10 floors and top 10 floors). From the graph, determine the following: 

Below Neutral Pressure Plll1:1e (below the floo~ where air leakage rate is zero): 

Determine the total air infiltratioi;i rate (sum of all air leakage rates), Qi: 

Determine the air leakage rate for the bottom 1/3rd floor levels, Ql(bottom 113): 

___ m3/s 
___ m3/s 

(B-6.2A) Ratio of Qi(bottom 1/3) I Qi = a 

Above Neutral Pressure Plane (above the floor where air leakage rate is zero): 

Determine the total air exfiltration rate (sum of all air leakage rates), Qo: 

Determine the air leakage rate for the top 1/3rd floor levels, Qo(top 113): 

Ratio of Qo(top 113) I Qo = = 

Ratio (B-6.2A) or (B-6.2B) is in the range of 0.7 or more: [J Yes 

-'---- m
3
/s 

m3/s ----
(8-6.28) 

a No 

If yes, the air-sealing of bottom 1/3rd and top l/3rd height of building offers the potential peak demand 
reduction of HLinttt(R«lucllonJ •maximum of (B-6.2A or B-6.2B) = kW. 
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Profile of Air leakage Rate 
(Plot of Q and Floor Level - Page s~10> 

Air-flow Rate, m3/a 

::~ ~ ..... -r.~-·-F·~l··-·=-+·+-i-+-+--- -+-------1-+· 
2.0 - ........... , ............. 1 ............. 1 ............... ' ............. !' ............. ,' ............. T ............ 1 ................................................................. ! ................ .. 
1.5 ---· ..... _ .... , ........... ___ , __ ,, -·-.---!·----,-- .. - --- .. ,., __ ,,_,,_ --+ .. . 
1.0 _ .............. ----i-1---i-'--f ·-.. .. , ...... -+.~+----·- .......... _ -·-·-·- .................... J. . .... 1· .... . 

~:~ -·· .. r-·- .. r---r- -,·-· -r· -r .. --r·--r·-·----- __ ... , -·---··· --- -1 ---, -··· 
-o~s _ ......... T ........... i .... J. .. -·---r-t----· ---·! ....................................... ·-·········· ............. J ............. , .... . 
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ONTARIO HYDRO 

HIGH-RISE RESIDENTIAL BUILDINGS WEATHERIZATION PROJECT 

SUMMARY OF ASSESSMENT OF AIR LEAKAGE AND POTENTIAL BENEFITS 

Job Name: 
Address: 

Building Type: -----------
Building Area: m2 

Date: 

Telephone: 

Building Age: ------­
Heating Fuel: -------

An Ontario Hydro's weatherization assessor bas been through your building to assess its suitability for air leakage control. The following table 
shows the air leakage contra] measmes that are applicable to your building. based on assessor's findings. Note that the cost figures shown in 
the table are based on the assessor's preliminary estimates and that the final air-sealing implementation costs for the measures will be based on 
a detailed estimate done by an approved air-seali.Dg contractor. 

Estimated Potential Energy Savings Estimated Implementation Costs 
Air-Sealing Measure Description 

Demand Energy Costs($) Owner's Ontario Hydro's Total{$) 
(kW) {kWh) Contribution ($) Contribution ($) 

1. Windows 

2. External Doors 

3. Building Envelope 

4. Elevator & Service Shafts 

s. Miscellaneous 

Total 

·f'i~ii~i.f .ti~i~~~~,·~~~~~~[~:.~_;~~~~r;:ifEl~!~bir·I:~:,~; :.:". ,~~~~t:J,,·~~f:~t~ .:!~i-· ~~gj~· 1!~: 
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HIGH-RISE WEATHERIZATION PROJECT 

AIR SEALING ASSESSMENT PROCEDURE 
FOR HIGH-RISE RESIDENTIAL BUILDINGS 

, 
1 

' • • • • •. ,'•: : ;';::.,, ): • ~i."~·~~;;·~J·; ,••) ,:! ~ •:• ,- • ,l'V ; .. , ·.:'.;~,;~::::( • ./" ~.:,; (I° .::f~.~·.;~\yi~ ~f~::~~J:;~~-=%~~:'~t;_q{(.~:t=-1:: '?•<' ' .°:'·~-:: ~ 
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Inspection Date: TI me: 

ldentJOcatJon Number: 

1. Bulldlng Identification 

1.1 Job Name and Address 

Job Name: OllA"tWA- c" .. deltm Re+1ilh141 J.lmuirJi A.Jw,,, 

Address: .2 2 I J>o'tlA\ "'. stxeei: . 
Ol±P.vJ(). 1 Q't1tA0" 

Contact: Phi I Re114w1 Phone: ('1.3) 724·33'.27 
l~AX: (•_s) ?Zs'· 34-0+ 

8"\ '~1 '1>"ti'r'I~ : £J ,-,,e.p.dl~-< ~ 2 3s- +3D~ 
1.2 Customer Name and Address 

Customer Name: DCB.HA 

Address: 124-5 Cai\i,.,~ Ave'llue 
0 ttDvJtA 0,_11-M I 0 k I z .g R.3 

I 

Contact: pJ.\ I R\?l14 \U!( 

Other Contacts: G> d P?Je Jhu h... 

Aj\r.l,.e Lo >11laet 

Air Sealing Assessment-"Procedure ··. ,., ·· .. ;'- , 

Phone: ( ''.3) ~ - 33:.z.7 
FAX: ('8 )-,.Z.{( • 34D4-

Phone: (61.3)~- ~ 

Phone: (~g) 7.l'(- 33~ 

. .. ' . . · ·.-- ;-

:· :·:'..~.~10~~~1~'-tf i~::::·::>:;J . ·.:.page A-1 



2. Site Plan 

Please sketch of plan view and elevation. lncijcate the overall dimensions, north arrow directions and 
ground floor, and typical floor and roof layout. (From architectural drawings or site-plans if available.) 
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Building Dimensions and Areas (from drawings and plans if available) 

Buildina Floor Area and Volume: Determine the total enclosed heated and unheated floor area of the 
building. 

Hl'/Je-~ F bo< 4A e1t : I~ 2 '30 m::?. 
' 

'1ol~: 43S"IS -m3 

Exposed Building Envelope Area: Determine the total building envelope area using the exterior 
dimensions, inclusive of walls, roof, windows (including frames). doors and exposed floors. 

vJo.\'5 
'Yl1c4fl f!oo { 
t~p ictJ j~ol' ! 

~Ao'o\.se... -: 

f<oof; 

Tc\oJ ; 

. -Air s·eauna Asses;smentJ~r9qedure 

~I>·~ Wl2... 

6 2'31 , I "'IYli.. 

I I . joit!N.do.s w4ttcloW!.A.k6-15 

I /,7 I 4 W/2... 

'l-
645 .,.5 rll 

\ 
J 

74-70 • 3 YI'[ :4... 

.:. > :=:={~~~='·!~:~.: : } •, ... : , .. ·' .· . Page A-4 



3. Building Description and Occupancy 

Year of Construction: 192.6 Number of Stories: I Z.) I 

t"Jo?'ftAele JW:. ~I~, Type of Construction: [lDo-1.s -no i'flS~ tA.J' f<Joi pedl~ 
e,;t..p~ t;, fo-t"rn bitJc.o-tk'e.s Wi' fJ.. M 

~~ k;,..1&..Jc... 
Occupancy: l@ 300 (total) 

Number of Suites: 1 BR: l{,O 2 BR: '60 3 BR: Other: 1DtP-.l:. 2+o 

Wind Shielding: m (Consider the surroundings within a radius of the height of the building 

times 4 or so.) 
1. Building in an open and flat terrain (very exposed - e.g., airport) 

BufJdlog Shape: 

(plan view) 

(J] 

2. Suburban (exposed - cluster of low-rise buildings only) 
3. Urban (mostly shielded - by other high-rise buildings) 

1. Rectangular or square 

3. C shaped 
S. T shaped 

2. L shaped 

4. E shaped 
6. Other 

Compass Orientation of Front Wall (degrees from North): I I or one of the below: LZ 
1. North 2. NE 3. NW 4. South S. SE 6. SW 7. East 8. West 

Building Dimensions: 
(from plans/sketch) 

Width (Front Wall): 42 

Total Floor Area: Heated: 

Unheated: 
Total: 

Building Volume: Heated: 

Unheated: 
Totul: 

Building Exterior Envelope Area: Walls: 2 
(above grade) Giodows:j 

Roof: - · 
Doors: 
Other: 
Total: 

Length: lt. ·2 
Height: z-?·S: 

\ ~ 2.ao ma 

- m2 

\4-2l30 ma 

4-~S"JS- m3 

- m3 

4-~SJS- ma 

2 
66£"7• 4 m 

m2 

64S~s- m2 

ma 
lb 7• 4- ma 

74-70• .3 m
2 

m 

m 

m 

.. . ' , ' . • .· ... . • ' ' · • ' ' ·· ·.· : ' ' ·, ',,~ ', ;'_: ; : ,,:·A ~··; ··~~~::::~~lii*45;}t~;i.t~t.~:1•1 :: ,":·~.!.{.:~~\o)' 
~:Air Seallng A11essment .. Procedure< · ·., :;~ . ..,,< "<:, ··~i;·<:·· . ,;. ' "·<}0iP,%k:?lt(flii'~'~~'>':'?1~/~ ;, ~~f' 
•• :' ·.: • • • · ...... , .,, .... ./' • '1· .•. • • .. • .•• ~·· • •.• • ~·-·. ·::;:t.:..:: ·.~ ·p· {.:i/ ,.. . . ' - .... . •· 
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4. Energy Use 

4.1 Fuels by End Use 

Space Heating: [[) 

Spoce Cooling: [iJ 

Make-up Air Heuting: 

(Supplied to corridors) 

Make-up Air Cooling: 

(Supplied to corridors) 

Hot Water: 

· 4.2 Electric Rates 

0 

~ 

1. Electric Baseboard 

3. Natural Gas 

2. Central heating by electric 

4. Oil or other 

1. Window oir-cooditiooers (how many? I .?$ b 
2. Central cooling using electric chillers 
3. Other 4. Nooe 

1. Electric Baseboard 

3. Natural Gas 

2. Central heating by electric 

4. Oil or other 

1. Central cooling using electric chillers 

2. Other 3. Nooe 

[iJ 1. Electric 

3. Oil 

2. Natural Gas 

4. Other 

Consult with local Hydro representative or check the current electric bill to indicate applicable format 
and electric rates. 

Type of Service: m 1. Residential 2. General 3. Commercial 4. Time of Use & Large User S~ Other 

WINTER 

Energy: First 2£Q kWh at 6 • 6 L cents/kWh 
Next 12.~S"'Q kWh at <: '3 S?; cents/kWh 
Next 'J~~~ 300 kWh at 4.;H cents/kWh 

Balance kWh at 2·6$.,. cents/kWh 

Demand: First '?<'.::> kW at - $/kW 
Bahme~etl 1:"1S"°O kW at 4,\0 $/kW 
~t.e_ 10.7t .f>l~w 

Peok Demand Hours: From ~o'clock to 2.$: oo o'clock (Winter) 
From ~oo'clock to .:2.3: oo o'clock (Summer) 

SUMMER 

___ cents/kWh 

___ cents/kWh 

' cents/kWh 
___ cents/kWh 

__ $/kW 
__ $/kW 

Air Sealing Asae,sment Procedure :···:: ~" ,~, .. -~-·~~~~?t~iii\i~f.t~*~~;:~;.~\~i/:K,:.. Page A-8 · 



5. General Observations (From building plans, site-visit, discussion with building staff, 

supervisor, maintenance crew and owners) 

Ventina 

Moisture and Humidity 

(Please refer to moisture 
a5sessment section.) 

Air Quality 

Thermal Comfort 

Special Notes 

Other 

I - Hallway Pressurization -;(Yes 0 No 

- Stairwell Pressurization C Yes cJNo 

- Elevator Shaft Pressurization D Yes GNo 

- Suite or Unit Exhaust Operable: ~Yes 0 No 

Io Use: a/Yes D No 

-Basement and Ground Floor ~ ?Jo'>'le fow1t1.1 
-Exterior Walls - d"(~ . 
-Condensation on windows and walls : m"'jo--titj '>1011C. 

-On the spot relative humidity measurements: Indoor and Outdoor 
- lM,tAoO-i fUf a 3'95 t/o ~ : -.5°c 
- /71ko-( fl.rt:. 21 "/o i~ · ~ :l.,!)".c. 

-Indoor air quality ~ 

-Occupants response r 
-mold and fungus deposits . - 7'rD'lle 

-Complains about cold drafts ~ Corrtf.l~s ~""1· ~14 

~"'{~ ~d Vet'I'/ tU-j NlcJ 
.S'1£MAA-' a.v( 

Customer response to day-to-day building operation and maintenance, and 

problems related to the building. 

-n14L-U(' tivr' ~ od' Jo-I V'1fti#2'(1P.#'~ 

- sw·1..;1.-~ ve~~ ~ 'rliriA-td:~ ~""'"' c\e.M . 
- M&\ 1:'3h;fi~ s.. kit vJtikt te:l-taft5 

'Air: Sealing Asse99ment .Procedure .. , . ':· .. '. ·:::J~:[El~l1~~~'.: ·;· Page A-7 



6. Exterior Survey. 

Please refer to the Air Sealing Assessment Procedure Guide for more information. The leakage Class depends 
on visual inspection of building component. There are three categories which can be assigned to Leakage Class: 
Tight, Average, and Loose. Leakage length represents the length of leakage path for the building component. 
The exterior survey is divided in to three sections: (i) ground floor and basement inspectioni (ii) typical floor 

between 2nd and top floor, and (ill) penthouse and roof. 

6.1 Ground Floor (Exterior Envelope) 

Front Wall Right Wall 

( ~s.t ) (No-&!. ) 
BuildJng Component 

LcUage Lcabgc Lc&kagc l..eabge 
Length Cass Length am 

Windows 

Type 1: FixeA 
I l\ I pf>'Y111L 

Description: 
Size: 3 1

"1.(, 1 

Quantity: ___:L_ 

-Weatherstripping Perimeter 
per window: 5,~ m l!!.:.S:_ T 
-Caulking perimeter: 5,5 m lb.!£_ ~ 
-Other --

Type 2: ~u '.---~-IJ ~~_,( 
Description: -II\ . •1..f1"'dAvJ 
Size: · :51

i< 2·s' 
Quantity: __ 

-Weatherstripping Perimeter 
per window: ~·I m ~ A 12·2. ti 
-Caulking perimeter: .....±..f:z_ m ~ _/l_ ~ e 
-Other -- -- --

Type 3: l-bii1'zr.:W lb.Jik 
Description: ..SM'~ 
Size: 4-'t. +' 
Quantity: __ 

-Weatherstripping Perimeter 
per window: Z.3 m ...7!.L A k..L & 
-Caulking perimeter: ~ m ~ IJ. ~ fJ. 
-Other 

Air seallng AssesemanrPr~cedure 

Ti.;3'1t , ' 
lrJ2,.I~ - A 
LcoSi! , L 

Back Wall Left Wall 
( _v'e5t ) (~"1.h-) 

Lc:abge Lc:abgc Lc&kagc Lcabgc 
Lcogtb Cass Lcogtb Cm 

-- --
--
-- --

.. 

6·1 A E.!E:.. _A_ 
4•/J. 8 ~ _A_ 

-- -- --

ft 7,3 A J41h --
=!!!l·~ It A!.L _ii_ 

:;_~~::;~~:~~B.-).:/(~~~~ . , i' > ... 
8fi?i~<f~#~;·¥;;;> · ·' Paga A ... 8 
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lt,ront WaU Right Wall Back Wall Left Wall 

(£Aft' ) (/'Joith ) < ""'2Jr > (So~) 
Buildfng Component l..Wagc Lcabge Lcabgc Labp Lcabge Lcabp 1-bgc l...l:abge 

l..cagth a.. Lcagth a.. Lcagth a.. Lcagtb a.. 

. Type 4: 

Description: 
Size: 
Quantity: 
-Weatherstripping Perimeter 
per window: m -- -- -- -- --
-Caulking perimeter: __ m -- -- --
-Other -- -- --

Doors 

Type 1: Ptt/io ~t>1. Al 
Description: J>o"'~~ ~'4.1.e~ 
Size: ~'M,' 
Quantity: 
-Weatherstripping Perimeter 
per door: 6• 4- m 12.• <:6 _A_ lZ·'t fr -- -- --
-Caulking perimeter: ~ m ~ A 15-b A -- -- -- --
-Other -- -- -- -- --

Type 2: ~~ cti'1\~ "Doo.f 
Description: WQO"' Jco-< 
Size: .'.3·.s'.,.. '·s' .. 
Quantity: 
-Weatberstrippiug Perimeter 
per door: 2.·5" m -- -- ~·S- ~ "it~ _L__ 
-Caulking perimeter: ..2!£_ m -- -- 5·S:: ' A ~ ..fL_:_ 
-Other -- -- -- --

Type 3: tf}eW k~1 
Description: 

I 61 
Size:· ::3> x. 
Quantity: 
-W catherstripping Perimeter 
per door: 5·5" m .s:£_ L J.2_ A ~ L -- --
-Caulking perimeter: ~ m -- -- .!&.L ..11_ :Z• ~ {l 1:£... _/j__ 
-Other -- -- --

: A.1t~~a!t~'tfi8!~~ci'~~·~~i9e~i~~~~::~~~~;~¥~:·~::~~~~s4:!~'1!~'=Bl;~il~~~~~:!;l~~;~:=j~~.- ~ Paoe A-9 · 



Front Wall .RJgbt Wall Back Wall Left Wall 

( f_p~f' ) ( NOim ) c ··•·?!r > (~) 

Bulldfng Component J..cab&c Lt:ab&c Lab&C Ll:abp LAbp labp Lcab&c Ualragc 

Length Calil Lcagtb Calil . Lcagtb f;lllS Lcagth Calil 

Envelope Leakages 
Description: 
1. <.o@f~ - 2o'xz~ ..6.!L l- -- --
2. -- -- --
3. -- -- --
4. -- -- --
5. -- -- --
6. --
7. -- --
8. -- -- --

Louvres and Exhaust 
Hatches 
-Size of exhaust louvre: I 1i< 1 

I .-1.!.2_ T •·> T :$"1.2.. T I•~ T --
-Fresh air fan grilles: ~ T ;.~ :J: 13·.2 I ~ I 

-Laundry room exhaust: -- -- --
-Ocher -- --

Miscellaneous 
-Water hose bibs tLL -r t2 I -- --
-Elecll'ic fixtures :JL.2.._ I ~I I cs I t-L i: 
-Fire hoses ~ 3 ,- It. 2. T -- t -- --
·Transformer entry door -- -- z. 3 :!11 T -- --
-Olher -- -- --
. -- - -- --. -- -- --

Other Notes 

1. Wii'dmJ ~II'-.. t al _I_ -It l I -- --( 

2. - -- -- --
3. -- -- --
4. -- -- --
5. -- -- --

Page' A .. 10 



6.2 Typical Floor (Between 2nd and Top Floor - Exterior Envelope) 

Front Wall .Rlaht Wall Dack Wall Left Willi 

( U\st ) (rfo-1-t>v-) (~) (SJ~) 
Buildlng Component 

Lcabp Leakage labge l.akap LcUage Lcabp Lcabp Labp 

Length ea. Lcogth (lag Lcogth ea. Length ea. 

Windows 

Type I: Hrxi2.0'11iiJ '/;p~ 
Des_cription: ~J;tb{ 
Qti~ly: 5 1x 2·S-' 
-Weatherstripping Perimeter 
per window: 6·l m ?4-·4 A 12·6 a ?4;1~ e -12!.k ~ 

-Caulking perimeter: ~ m I~'~ I !i;i. :2 :I: ~ .. ~ I ~ I 
-Other --

Type 2: /:!~ iuJ4.l l>"'Y.!b 
De~ion: ~·lv( 

. 

Qll 'l :~' 
-Weatherstripping Perimeter 

A per window: 7'i~ m ?i;312. -""- l fl: .,b A 2£l•Z. 6 ~ 
-Caulking perimeter: ~ m ~ _r._ ...0.d_ r. '~ 1A :z: ~ r 
-Other -- -- -- --

Type 3: 
Description: 
Quantity: __ .. 
-Weatherstripping Perimeter 

per window: m -- -- --
-Caulking perimeter: __ m -- -- -- --
-Other -- -- -- -- --

Doors 

Type 1: ,&k:il~ tko.f 
Description: 
Quantity: 

-Weatherstripping Perimeter 
per door: S·S: m 22 _:A_ _JL_ fl z2 ll -1L _L_ 
-Caulking perimeter: £..5:. m 2z _I_ _u_ I: ~2 +. ..Jl_ _:r:_ 
-Other -- -- -- -- --

•• • .'.,. } • '' ••• :~ - ~· ->.; /: -: • • <- ~.; - • ·y .;".,. .... ,~;-;:·.: .... i. ·~;: .._.:.. , ··..:·::. ,; · Y:~:~~~)::~::f~~;~~;:_;,:~-:~:~ :::;~.~v~--~~-.; -f•~lb• ; · 
Air Seallng'Aasess.ment;.PJocedi,are:· -. ,.:'1.'-: .<\:.c-:;,:~t.=·~=~-=· ;rkH:z:4t:t¥4¥1~%ft}Wt>:~,)~§f-:-:·'Y\'. 1 ,Page A-11 
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Front Wall Right Wall Back Wall Left Wall 

c ~.r ) (No"(tn) c we.tt ) (.SO~ ) 

Buildin1 Component Lcakap Leakage Lcakap Leabp Lcabge l..cabp Lcakagc Lcakap 

Length Cass Length Cass Leogth Cass Length Cass 

Type 2: 
Description: 
Quantity: 
-Weatherstripping Perimeter 
per door: m -- - --
-Caulking perimeter: __ m -- -- --
-Other -- - - --

Envelope Leakages 
Description: 
1. -- - -- --
2. -- -- --
3. -- -- --
4. -- -- --
s. -- --
6. -- -- --
7. -- --
8. -- -- --

Louvres and Exhaust 
Hatches 
-Size of exhaust louvre: I 0ll ' ' 

-12__ T 4 T 6. T __±__ __L_ 

-Fresh air fan grilles: -- -- -- --
-Other -- -- -- -- -- --

Miscellaneous 
-Electric fixtures :JL4:_ r LL :r: ~d r LZ.. _I_ 
-Other -- -- --
- -- -- -- --

Other Notes 

1. Wl::a~ f!JC- lli_ T L.:L T It. u T .t.L I-
2. -- -- -- -- --
3. - - -- -- --

Al~ Sealing Asaesament Pro~edure .·: ·~ · ~ · ., ... ~~·:·~·· ~-~f~:~-~0 E~~i~~l!it~~~~~~~~~r~r···· ··~·~ Pao~ A·12 = 



6.3 Underground Parking and Basement Survey 

Please refer to Gulde for more information. Air leakage into a basement or underground parking may be 
controlled by sealing the perimeter envelope, above grade and below, or by sealing the separating elements that 
isolate the basement from the building above. It is always preferable to focus only on sealing the separating 
elements: the floor above, all penetrating shafts, stair doors, elevator vestibules etc. In such cases, only these 
separating elements need be assessed below. 

Description Alr·Seallni: Leakaae Leakage 
Method Length (m) Class 

1. Basement Exterior Doors: -np-tlil-

- Weatherstripping perimeter: m. 

- Caulking perimeter: m. 

Basement Exterior Windows: Y\,OV\i... 

- Weatherstripping perimeter: m. 

- Caulking periineter: m. 

Exterior Envelope Cracks ubove Grade 
Description: 
1. Si\\ ft>~ JI~ m. ~ llb T 
2. m. 
3. m. 

-
SEPARATING ELEMENTS 

2. Electricul Room 
1. Cable penetrations to the building V• QOQ$ m2 ~ 
2. ~ f'<2.1i~-t ~ jloo.f &1M: 6· I ;sj I 

• 
' 3. <.;,.Jt>.il lM\J c.~li Y\J\. Ca.ult f.Zll'.l L 

-
3. Boiler Room 

. 1. 

2. 
3. 

4. 
1. Elevator vestibule ~ ~~ II. 
2. Stairwell and door 
3. Other 
4. 

" . ' : . \ _.' .. '.,-, · · ... . · . ~_ .. L~: ~~t~f~f~K:1~_~@~}~fJ~'.f;}.~{~~~1t~~:;·~t·~: ; -~ ::: ·: .. { Air S.ea.~lng_ Assessment Pr~cedure . .. . ·:: . ... :.- '.'..: . ~;:.r.,::,:.,Y&~"7$i'.)%Y;•~-f<-~~''¥;f>'·/,;:~}"f.~;~·;· .. , ,_, .. .,~Page A 13 . 
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6.4 Mechanical Room, Penthouse and Roof Inspection 

Please refer to Gulde for more information. Air escaping the building through the mechanical room/penthouse 

may be controlled at the separation between the building and the room, or by attempting to seal the exterior 
envelope of a room, fan louvres etc. The former is almost always the more cost-effective line of attack. In such 
case, the .assessor may ignore the following points on the penthouse envelope and focus only on the building roof 
and stairs. 

Description Air-Sealing Leakage Leaakage 

Method Length (m) Class 

Exterior walls and roof joint: 

1. Wt>Jl 21. j D at ~.L!lk 116·~ 8 
2. 
3. 

Exhaust Faus and Penthouse Ventilation Louvres 

Floor Penetrations (building roof/penthouse floor): 

1. Pipe penetration Ca~t. '" 03 12'2$ ...{ A 
2. Cable penetration CauLt. 01 a Cl$. :n'l. ti 
3. Duccs fouJt Q.OO$J L 

Stoirs Connected to Penthouse (or Mechanical Room) 
1. st.ad:~ ::1.ei .-ffltJCb~r3J :!. 01::1ffi QJJt. ,~, 3:a L 
2. 

Access Hatches at the Roof GrnJic. 0.002.;f T 

Elevator Shafts 
1. Opening at the Cable Drive - 1 - o.oJO m2 ~:ll,-< C!• .ol~ 1-
2. o ·pening at the Cable Drive - 2 Q• OIQ m

2 
~~e:l: D·Qlrwf L 

3. m2 

Smoke Shafts No1\e 
1. Opening area at the top m2 

2. m2 

Garbage Chute Hatches at the Roof 
2 L. 1. Opening area at the top Q1 Q IS- m2 

~'I.al. O•OlS'l"I 
2. m2 . .. 

Other 
1. 

. -~.. _ .. :~.l '=~-~~~~ - .. _- .. : - ~ ~ ; : ··-_-: :-.. ~. --:.~~~;:¢ .. · ~ :.-;-~ .. -~ ... ~ · .. -=-=-.'.~.::: ~@1@.:if.~~:::::1~~~ r:(t[J:~~~c:.;:·~ 
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7. Interior Survey 

Air leakage paths through the building envelope should also be assessed from the inside: Entry and overhead 
doors, main entrance overhangs, laundry room ·exhaust vents, garbage room chute, smoke shafts, pipe 
penetrations, fire doors, perimeter baseboard heaters, elevator shafts and garbage room. 

7.1 Ground Floor, Hallway, Stairwell, Elevator Shafts and Service Shafts: Leaks to Outdoors 

Description 

1. I Ground Floor 
Main entrance projections 
Ocher 

I "DmWl qo..p ~ 
~'l'I eri.t-1~ 

Envelope Lea~ -cJ-· w1 
011 

we.st Well. 
1. D1.::ca ''"" ~ 
2. 

3. 

Service Rooms 
1. 
2. 

3. 

Halls 
1. 
2. 
3. 

Other 

1. 

2. 
3. 

wMl ~ ~ ~ 
J 

Bt\rebo",{~ ~fl .;f;.(c 
~ 

Air-Sealing 

Method 

Leakage 
Length (m) 

Leakage 
Class 

C.te6\.V1~ 0ke~~-· ~-

UwJ~ 5-5" 

auJt_ ::;. 5'!!1.,.. L 

~ v.002:tl 

Air.Sealing Ass_essmenfPr~~edure __ ··:· './,~,:;;;. :::-;\~~·),}'.~;\~.:;:ft\fut81t.Jii;]~'.;ii~/~iif :·· ' Page .A~15 



(Interior Survey: Ground Floor and Shafts • Continued) 

2. I Elevator Shafts: 
Leaks to outdoor: 
Other leaks: 

Garbage Chutes: 
Leaks to outdoor: 

O~ber leaks: f' ire._;, 

Stairwells: 
Exposed opening: 

Envelope leaks: 
1. 
2. 
3. 
4. 

Fire Shafts (or Smoke Shafts): 
Leaks to outdoor: 
Other leaks: 

0•023 m2 

m2 ------
m2 ------

p, 013 m2 
o·OD I m2 

m2 -----

.;2.X D•OO~ 

--------

m 
m 
m 
m 

m2 
m2 

m2 
______ m2 

m2 

Class width 
.Class width 
Class width 
Class width 

: · .. . · . . ... .. ;,:,,··,.. · ~ . . ... : ;~. ":.- .... ~. . ... ~~ -,~\.~.~~~.:t:K~:::~~.;;.; ;.::. :~:=-"'-- ·· ·· ,. {. 
Air Sealing Asses1rnent Procedure · .. .-'· ., ·-· . ·,,·x ' ~ -.:::~f'''';' ''"'~·' •~<':•:>Y<'::''*' .... ,,., ,. ~,., • , .. ~~ -, 
' ~:: \ -, • ·~ : .'::::::···:=-. -~ :·· .. : .. ::\., . : " ':':i;:;?·· .. ~ .. :-·.· · ;~,·~· - · ~-, . : ;\~ ?. ;~~~1:;:~J~'.;~-~~::.~tti~1~~t~:~~·-~~;/ :~~>·=: ~ · 

m2 
m2 
m2 
m2 
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7.2 One Bedroom Suite Inspection (Leaks to outdoor) 

DescrlpUoo 

1. I Interior Jnspection 

Baseboard heater: o.00Jm2 

Leaks around pipes and cable penetrations: 6 pf/>b,,t ~ 
': CAb/ '1.J> 

Leakage around exhaust fan ducts through exterior 
envelope: m2 

Envelope leaks which are not included elsewhere: 

1. 
2. 

3. 
4. · 

Air-Sealing 
Method 

LJ..A.Jt. 

CuJt:. 

Leakage 
Length (m) 

'::l 
O•D~1)1 

Leakage 
Cluss 

L 

A . 

2. I Depressurizatioo test: If .the uDit is depress~ed using the blower door fan, note the various air 
leakage paths using smoke pencils or tracers. The air leakage from exterior envelope, party walls, . 
exhaust fan, and pipe penetrations should be .noted as f<?llows: 

1. Baseboard heater on exterior wall: Is the leak from baseboard heater an outdoor air leak or 
coming from party walls? If the air leak is from the party wall then the baseboard leak may 

not be a through enveiope leak. oJdoo.t 12-J'-
2. Floor and exterior wall joints te w 'rMYl¢1 r 'A)= .s I clr.aA W-4° ~ i ·1W-

3. Ceiling and exterior wall joints flq hf-

4. Balcony - 1e-W l<W..s ' 7MS1, r;~;J-

5. Window I wall joint - pllv{ti~ lea~ 

6. Door and wall joint · - ~'-\\~ ~"-~~ 

7. Other observations 

, ~~_r\S~~!~~:~:~·~~~!i~!~~lf.f.69:o~~~i.~/~iJ:i.b~~1~~~~~jlJ~j~\jjli;ji6~!~'~;~~·;f}·~~~!'.•.u~ .~~1.!· . 



7.3 Two Bedroom Suite Inspection (Leaks to outdoor) 

1. 

DescrlptJon I Air-Sealln1 
Method 

Interior Inspection 

Baseboard heater: 0.006 m2 I ~)~ 
Leaks around pipes and cable penetrations: bplf"'>t7...sl 6w.\K 

Leakage around exha\ist fan ducts through exterior 

envelope: · m2 (__If). t-'D~ 

Envelope leal<s which are not included elsewhere: 
1. 
2. 
3. 
4. 

Leakage I Leakage 

Length (m) Class 

I O•DD6-tl L 

I I A 

2. I Depresliurizution test: ·If the unit is depressurized using the blower door fan, note the various air 
leakage paths using smoke pencils or tracers . . The air leakage from exterior envelope, party walls, 
exhaust fan, and pipe penetrations should be noted as follows: 

1. Baseboard heater on exterior wall: Is the leak from baseboard heater an outdoor air leak or 
coming from party walls? If the air leak is from the party wall then the baseb9ard leak may 

not be a through envelope leak. le.-.~s f ""-ni oudoo.f 

2. Floor and exterior wall joints ~~ -f,'q>J- wi~ ~ Y'\.iorwf /wc...c. 

b~U-3. Ceiling and exterior wall joints 

4. Balcony - --flq>J- t-M • .fv\ Je.W ~~'( leA\:5 

5. Window I wall joint p~-<n&J4 \e.p.t ~ 

6. Door and wall joint ~}\~ t~~ 
7. Other observations 

. ·• . ! • · • • :. ·:;, • ::·,:~ ·. ;.-· .~; .:::-z-:0;i~~::··f.t,:gi~f:M~$:i:J,-· .:'5;::~{kf:::,~~-0f '. '. : '· 
Air Seallng .Assessr:nent Procedur.e ,,. .. "·~:" · ~~"~«:';,, ,,,~; :,;,:~ :: ... .;~t:§h't:~iMM:i,llifh· · ~,,~ix.:-U;,;,;/::~-; , .' .-..· '. Page A· 18 .;... • . " .... .;• :~ . ' : ;.--;., ·· ··.=: .. :-'"· .:~·! ~"; ·.,~--.,~-;.;:!~~:~=:~:~~J'/~~~~~~"';~ - ~~~::~~~:·:.::::~/.:- · ·· ,;."~ . 



7.4 Three Bedroom Suite Inspection (Leaks to outdoor) 71PY/L-

Description Air-Sealing 
Method 

Leakage 
Length (m) 

Leakage 

Class 

1. I Interior Inspection 

Bas~board heater: ____ m2 

Leaks around pipes and cable penetrations: 

Leakage around exhaust fan ducts through exterior 
envelope: m2 

Envelope leaks which are not included .elsewhere: 
· 1. 
2. 
3. 
4. 

ma 

2. I DepressurJzatioo test: If the unit is depressurized using the blower door fan, note the various air 
leakage paths using smoke pencils or tracers. The air leakage from exterior envelope, party walls, 
exhaust fan, and pipe penetrations should be noted as follows: 

1. Baseboard heater on exterior wall: Is the leak from baseboard heater an outdoor air leak or 

coming from party walls? If the air leak is from the party wall then the baseboard leak may 
not be a through envelope leak . 

. . - .. 
2. Floor and exterior wall joints 

3. Ceiling and exterior wall joints . 

4. Balcony 

5. Window I wall joint 

6. Door and wall joint 

7 . Other observations 

. . :~ ~i? =~~'. .• ·..;:,. ~1)~~.+i:::. -~~r:..~·· ... ,:.~(i. ' :...· '~: :;- - ~.::::?~;;;.:.~ ,.! -~.4.-.::~jf-.:.'..-~- ; - :-.. .. -~:=· ~: .: -.. ~-_ _;.: .-.--;· .. y~~t?:~:i:~.:.--- ·····-J~TI:~~~7·~-~; ··-=:.f.:··~'.. ~:~~\~-· ~....,...,,- . . . 
·Alr.,Sp•U.119·· f'stetJ&ment Prqoedure id ';;:-;, ;;,'.:~:'i~:;.~ .;t~<:.,,,:?~7"$'?MW . 1.i%f)W~~:YiiN8+:t~:}:?,~.~};i'"''ff<Page A'-19 
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8. Miscellaneous Data 

Description Air-Sealing Leakage Leakage 
Method Length (m) Class 

1. 

-

2. 

3. 

. . 

- 4. 

... ' ,. •• ' . 'I. • ~- - ~ • • ,: • • .. ""':,'"}\ ... ~<t~.;:~"!;'~QI~?~:.t:l-~~y·:~ .. ~- ·. ~. : 
Alr·seallng· ~asessm~.nr· ~toce~.ure ~=:·-.-)(':':: ~: _._, .'\',;-" .. =: .. ..,.--·~ifitf*Y1~~w@V£·~r: .~\ ' :>;;·. · 
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HIGH-RISE RESIDENTIAL BUILDINGS WEATHERIZATION PROJECT 

AIR SEALING ASSESSMENT PROCEDURE 
' 

FOR HIGH-RISE RESIDENTIAL BUILD.INGS 
(Electrically Heated Eight Stories or Higher). 

· :".'"_,,_, -,, :;_;, .. : .. :·"~i=:.--.· ~-=.··:K{.\;;~)::;:f~;::"~i"HW%8:A'.ft.~P·f§W''1::~J.¥iiB-RWi¥.~-W-~%~ffJ.M%UtMF'%~i!!i:Jrn1'1WF~ : ';-·~.-' 
· · _ ·_,_~ .;, .. ~\t;,· «: ~/.:<·p ·a%B'-&e:st1iilal1 .. n ,,·a1~ur1Ciinirti1r·"awa:1ri!1f --·ka--· -~;: ~,~-... ' ·· · .-.· 
• ·.:>J?,\t~-:;:/,;};:i.;~~1;J0Jl~:'l'~; i~%l~:i<-,~): ,j;~:~x:fv;'J~ ;,i.:~~'.Jx:i.~t. , , ;;~,;,i~ ><..:i.-.~;t~ -~:-:::~~~,i~~~:h.:~d\l~~:;~~j~~:;,..: :~_, <.' ', ,,,. ' • ,. 

The estimation procedure includes the following sections: 

Determination of air leakage area . 
Determination of pressures due to stack, wind and mechanical ventilation 
·Calculation· of air leakage flow rates at different heights 
Estimation of net air leakage component 
Estimation of saVings in peak electric heating demand and energy consumption due to air-sealing 
Determination of air-sealing priorities 

1. Weather Data 

The peak air infiltration occurs during the_ peak winter design conditions. The winter design conditions can be 

obtained from Table?? of Gulde or National Building Code. (For example, the winter design temperature for 
Toronto is -18 C, mean wind speed for air leakage calculation$ is 11.S m/s and the heating degree days are 3646 
C-days.) The field inspection visit provides information on the surrounding wind shieiding conditions. 

Location 

Winter Design Temperature 2.5%, °C 

Mean Wind Speed, m/s 

Wind Shielding and Terrain Type 

Heating Degree Days (below 18 °C) 

2. Calculation of Air Leakage Area 

otllA y.JA.., 

- I '6oc 

/2•5" 

5tAbV.'1 b£\~ 

4634-

Detemiine the air leakage area using the field inspecti.on data. 

1
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Storey I Component 

(1) (2) 

Leakage 

Length 

& Oass 

(3) 

Front Wall 

Assign Leakage 

Leakage Area 

Value (m2) 

(4) I (5) 

I - Right Wall I 
Leakage Assign Leakage 

Length Leakage Area 

& Oass Value (m2) 

I (6) I (7) I (8) I 

Total 
Back Wall I Left Wall I Leakage 

Leakage Assign Leakage Leakage Assign Leakage Area, m2 

Length Leakage Area Length Leakage Area 5+8+ 
& Oass Value (m2) & Class Value (m2) 11+14 

(9) I (10) I (11) (12) (13) . (14) 
·.- ;, ='$~·-z.; __ .-.~~'1>};~::.~? 

Ground I 'W:J.P.d~ws::c-. ::f;:<,f<~·'':~<~: 
··.· ···~· ·· ... ····•(". ;.:-...:-~,~~ »: . 

•.·.· . 
~t . . :·. 
/b:iT 

... . ~-} 1·,,,:F·:::··~):·;· 
.... ~-- ''-' ~ · -:-.:oe-; .. .,. :·~-:~;~,,:'· =~i~~~~t~;-~ J~;~=;,~\'*~ ~m1~:· 4'.tt~f~;r~:i l~t}'.:~,~ ~i-::~~i1¥t;~ li,l,i!til trs~t¥~~ 

-exterior I Type 1 Fix et\ 
envelope I Type 2 Slillt../ 

Type 3 Slide-( 

Type4 

16·£T 
b·I A 
~ 
7~ fr 
~'31\ 

Do00C>l3 010043 

D· 'Ot>O'I> D1 DO~'§ 

~·COOS" I O•Oo6 l 

12•2 II OoDDo'6 (), Oo 17 
4 I 

14--b " D•C>DOS- 01 Of22.. o.1Q...· A 

~ii A 
416 A 
7:3 A 
A.1ti A 

f)•OOcr6 I O•_Db'i6° 

b I 0005101 006) 

12•2.A 
'3 12 /l 
14-16 A 
,,,,-;,:A 

o.oooet Oot:>OJ7 

()I {) 1 () 12.lz. 

Total z>,0133 I o.ot"T 010\3.0 n.0147 D•OI~ 

D~~~::-~1~u~~}f~tl )} .. ;---:;,=;~ .:i~-1 ~~\.J-t~~\· .·,:-.~:-,-.:~ ~,:~, 1 ~,{~k~t,~~~~:~~ .t:f:=~~:~;r;;; Xt7:f!~ :=¥!;1=~jtl} ·:~ftt~~~~-,~· ~t&ll; wl!IMtfii-lf;: 
Type 1 J1i~~ ~~~ 11.tt l v.vvorlo,01q~J I I I~: 10•000710101,i 

Type2 ~{ 7•.5"" L I zi,0012--io,c;12b I 7•3 Pr I 01000110.0)02_ 15"·~ L IO•CC> 12..1 O•DI~ 
t:l.•'f A 'fJ•DD07 lu' 7·~A · ~·~A D·<>D07 
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Shafts Leakage Area 

Leaks connecting to outdoors or to top and bottom zones only. 

Elevator Shafts Leakage Area, m2 

Storey 
Elevator - 1 I Elevator - 2 I Elevator - 3 I Stairwell - 1 I Stairwell - 2 I m2 
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3. Total Leakage Area summation 
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Ground and 
Basement 

2nd to Top 

Roof and 
Penthouse 

Windows 
(m2) 
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Total 
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4. Calculation of Air Leakage Rates 

4.1 Calculation of Stack Pressure, Ps 

Stack pressure, Ps, can be obtained using the following equation: 

P.'• pg(hl -h2)[T,-T J/T0 •TDC 

where, Ps = pressure difference due to slack eff ecl, Pa 
rho = air density, kg/m3 (use 1.18} 
T1 = indoor temperature, K (use 293 K = 273 + 20 C) 
T0 .. outdoor temperature, K (winter design condition) 
h2 = building height at which stack pressure is being determined, m 
bl "" building height at which neutral pressure plane occurs (assume mid-height of building), m 
TDC = Thermal Dratt Coefficient (refer Table?? of Guide) 

The Table ?? provides value of stack pressures for four residential apartment buildings. These values can be 
·.used for first trial calculations. 

4.2 Calculation of Wind Pressure, Pw 

The wind pressure is ·given as, 

.: ·? 1~ ~r;·: :; · ~ ... .- -. --~, '<:~::· . ·~ =.:. ···~·~·-·· ···~ -.~ :!· J:;:: ;.,_·~~i:Jt~iJ;El\~~ 
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P .,,,'"'(PC,Yi)/2 

where, Pw "" average surface pressure due to wind, Pa 
CP = surface pressure coefficient, varies from 0.25 to 035 (refer Table ??) 
V H == wind speed, m/s 

The wind speed, V H• can be decer1~1ined using cbe following equations: 

Y8 .. A0 • Y-•(H/10)" 

where, H = height at which wind pressure is to be determined, m 

V m•t = mean wind speed obtained from metrological data, mis 
A 0 , a == coefficients dependent on terrain and wind shielding (refer Table ?? of Gulde) 

Calculations: 

1. Determine the following to calculate stack pressure distribution: 

Sl = [T1 - T
0
]tr

0 
for example, for an indoor temperature of 20 c; and outdoor temperature of -18 C, 
value of Sl is [(273+20)-(273+(-18))]/(273+(".18)) = 0.149 

Sl = ( (27;-r20) - {2 7.3 t- (-2.s-) )]/ ( 27 3-t {-u)) ::. -oil-4-9 

S2 = ~ensity x gravitational constant = 1.18 • 9.81 = 11.58 

S2 = 11• )~ 

SC = Sl • S2 • TDC for example, 0.149 • 11.58 • 0.8 

SC = 0 I ) ·-49 x 11. ~ ~ x 0 I 7 =- I 1 2 0 7 

bl = mid height of the builduig, m e.g. for a 80 m tall building, hl = 40 m 

h1 ~ .'.2.':3 YJt. 

2. Determine the following to calculate wind pressure distribution: 

Wl = A0 • V m•t for example, for a Toronto building in suburban terrain (A0 = 0.60 and V m•I = 11.5 
mis), Wl = 6.9 

Wl = D160 X}~·S -:.. 7·~ 

· Air seaUng Ass<ess~ent~Procedur~ '.' -·,,. ', .,. .. =~S!':~~~~i,~l~~~:~j~:·:'\F:- ;· :,~~~·· Paga B-8 



. W2 = density • pressure coefficient I 2 = 1.18 • 0.25 I 2 = 0.148 

W2 = . 1•1'£ ')I. 01!)0 /':J.-: Oil/~ 

4.3 Calculatlo.n of Air Leakage Rate 

The air flow rate through a leakage area A is defined as, 

where, Q = 
Cd = 
A = 
rho= 
AP= 

4.4 Steps 

Q=C 4•A •J2AP/p 

Air flow rate, m3/s 
discharge coefficient for the leakage path, varies from 0.65 to 0.85 (use 0.7) 
Leakage area, m2 

·density, kg/in3 (use 1.18) 
pressure difference across building envelope, Pa 

The following forms are used to determine the air leakage rate at each floor. Steps are as follows: 

Step 1. 
Step 2. 
Step 3. 

Step 4. 
Step 5. 

Step 6. 

Step 7. 

Step 8. 

Step 9. 

Step 10. 

Enter the height of .each floor measured from the ground. 
Enter the air leakage area from the previous sections. 
Calculate the wind pressure Pw at each floor level using the equations as described above. The 
average wind pressure acting on the building envelope will induce air leakage in the building . . 
Determine the air-flow due to wind Qw using the wind pressure Pw. 
First assume that the neutral pressure plane occurs at the mid height of the building. The 
value of }JJ will be (height of the building I 2). · 
Determine the stack pressure Ps using the equations as described above. The positive value 
of stack pressure indicate air infiltration into the building and negative values indicate 
exfiltration from the building. 
Determine the air-flow due to stack Qs using the absolute value of stack pressure Ps. Assign 

. the algebraic sign to this air-flow as that of Ps. 
Determine the total air-flow Q for the floor,. using the quadrature equation as defmed above. 
Assign the algebraic sign to this air-flow as that of air-flow due· to stack Qs. 
Add the air infiltration flows Qi (positive values of Q) and air exfiltl'.ation flows Qo (negative 
values of Q). Compare Qi and Qb. If the difference is more than 5% ((Qi~Qo)/Qi), repeat 
the calculations from Step 5 by shifting the height of neutral pressure plane. If Qi is greater 
than Qo, then assume the neutral pressure plane one floor below than before. If Qi is smaller 
than Qo, then assume the neutral pressure plane one floor above .than before. Repeat these 
calculations. 
The net infiltration or exftltration flow (Qi or Qo) is the uncontrolled air leakage rate. 

(Pl~ase refer ·to illustrated example in the Guide) 
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Instructions: 1. Height of 2: leakage 3. Wind Pressure Calculations: 4. Stack Pressure Calculations 5. Air-Dow Calculations 
bw1ding area as - Wl=A,.*V..,.. - ht is height of neutral · - Ql = 0.7*(2/1.18)05 = 0.91 
measured calculated 7,:;- pressure plane measured · - Qs = A • Qt * CIPsl)05 

from above from - W2 = air density* Cp / 2 from the ground - Qw =A* Ql * (Pw)05 

ground Table??. = 1.18*0.25/2 = 0.148 - Sl = [T1 - TJff
0

· - Q = ((Qs)2 + (Qw)2)os . 

,:... I• )'"6 '1-f/12./2 :::.. 0• I) 'f{ - S2 = 1.18 * 9.11 = 11.58 - Assign proper algebraic sign to Qs and Q 
. SC = St * S2 * TDS depending on Ps. 

hl-=- 3Dm. . --
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h2 Area (m2) 
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Storey Height Leakage Wind Pressure, Pw, (Pa) Stack Pressure, Ps, (Pa) Air-Dow Calculations 

h2 Area (m2
) 

A \V3 = (Wl *(bl/10).) Wl*(W3)2 Height sc•(h2-ht) Air-Dow due to Air-Dow due. to Total air-Dow 
Difference Stack (m3/s) Wind (m3/s) (m3/s) 
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4.5 Air Leakage Rate 

The air infiltration rate in th.ls building at peak design conditions is 5 • ~ m3/s or 79(X2 Us. 

5. Calculations of Reductions In Peak Demand and Energy Consumption 

.Th~ peak heating due to infiltration at the design w_eather conditions can be obtained by 

HLlnfll=Q1p c,,11 T 

where, 

HI...inru = heat load due to air infiltration, kW 
0 1 = air inflow rate, m3/s 
p = air density, kglm3 (about 1.18) 
cp = specific heat of air, kJ/(kg C) (about 1.0) 

Using standard air p = 1.18 kg/m3
, anci CP = 1.0 kJ/(kg C), the above equation simplifies to: 

q=l.18Q,(T1-T) 

Infiltration air-flow Qi = fit f) m3/s 
Indoor and outdoor temperature difference is 3 c£ °C. 

Peak Heating ·Load, f1Lwu = 1.18 •Qi• (7i - To) 

Peak Heating Load = 1.18 • ~9 • (-<. 93-2.>.>J kW 

_ 2 6.tf kW ~ 5"0 ojo oj .Sft).J£ 

he~· 

The above heat load is the total demand due to uncontrolled infiltration. Total air-sealing of the building would 
reduce the .peak heat demand by this amount, but that is not practicable. Cost effective air-sealing will result 
in reducing a substantial portion. The reduction in heat load will be proportional .. 

For most high-rise residential the air-sealing effectiveness, s.n.cii..ne ... may vary from 20% to a maximum of 40% 
depending on the extent of air sealing; The assessor's judgement will normally be in that range. 

. ... . .~ . --;. :· . ->-""·: ~ .~ -. : ~~-:=.~; .. -,--, ~= -z;. ·;· - ~ ~-~~~· :.~:~~. ~: 
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•· .. ... - -"J·· • :"·, • ;~, : ""- _ ...... ~- . •••. ... ..... ".I)~ ... '!<._. ... ~ • • ; • ,.·' ?· 
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For high-rise buildings consider the following air-sealing effectiveness 

LoOSC COnstrUCtiOB, selfeellvtntH = 0,40 
Average construction, S111ee11vene11 = 0.32 
Tight construction, S,11ee11veneu = 0.25 

The red~ction in peak heating demand due to air sealing will then be: 

HLlltfll()tAdilctton) =S ,;cm-•HLllflll 

;;;:; 0.32 J'-.264- :::. ~+· S"". J::..W 
The HL'"'!'fReductlon) should be utilized in determining the incentive for air-scaling costs. 

The energy reduction in energy consumption is given as following: 

where, E 
DD 
AT 
c 

E=(HL¥1<RMIMaion> •DD•C)_/(41) 

; 

= Annual reduction space heating energy, kWh 
= Annual heating degree days, (C - days) 
= Design temperature difference, C (Ti - To) 
= C-factor, Cre.dit factor, hours/day 

The value of degree days is obtained from the weather data. The C-factor allows credits for internal heat gains 
due to sun, lights, people, equipment, night setback and for the redu~ed mechanical ventilation. With these 
internal gains, only a fraction of the full load energy is actually required. This fraction is multiplied by 24 
(hours/day) produces the "C" factor. For high-rise residential buildings, the C-factor varies from 14 to 18 
hours/day. [Refer Guide for more info~ation.] · 

Annual Heating Degree Days, DD ;:::: 4- k 2f °C-days 

Desi8'n Temperature Difference, 4 T = (Ti - To) = · ( :i.g .3 - 2.::;S) = 3 ~ . 
C-factor = 14 hours/day 

E=(HLWll(RMIMcrlon) •DD•C)/(41) 

- ~4· > x 46.34 :x 16 /3<(; 

J 6~« 7o ·" w~ 
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6. Ranking of Air-Sealing Priorities 

6.1 Building Components 

Based on component leakage area, the reductions in peak demand can be roughly ranked as follows: 

Building Percentage of Leakage Potential Demand Demand Ranking 

Component Area (from page B-7) Reduction, Reduction, (ascending) 

HLltiil{FWdonJ kW 

Exterior Windows 6J1q '2(4·> 5}9 I 
Exterior Doors ".261~ ~ i:<·r Z-
Building Envelope 3•4- . ~ 21 t3 4 
Elevators & Shafts 6·> ' 5'·S- '3 . 
Miscellaneous ?·O f J17 . ~ 

6.2 Leakage Area C?istribution -

Plot a distribution of air flows at each floor level on the attached graph. The leakage rates at the basement, 

ground, top floor and penthouse are generally higher than other floors. From the graph determine the 
predominant floors where air leakage rates arc higher than other floors. If only these floors are air-sealed than 
it would result in reducing a substantial component of air leakage in the building. It has been established with 
several sensitivity analyses that, as a genernl rule, for a building the top 1J3rd and bottom l/3rd height 
contributes more than 75 to 90% of total air leakage in the building (for example, for a 30 storey building, the 
bottom 10 floors and top 10 floors). From the graph, 'determine the following: 

Below Neutral Pressure Plane (below the floor where air leakage rate is zero): 

Determine the total air infiltration rate (sum of all air leakage rates), Qi: 

Determine the air leakage rate for the bottom l/3rd floor levels, Qi(bottom 113): 

Ratio of Qi(bottom 113) I Qi = · 4- ·>:ls=-=t = · o.7b 

~m3/s 
~m3/s 

(B-6.2A) 

Above Neutral Pressure Plane (above the floor where air leakage rate is zero): 

De~ermine the total air exfiltration rate (sum of all air leakage rates), Qo: 5i 9 
Determine the air leakage rate for the top l/3rd floor levels, Qo(top 113): .z,o 
Ratio of Qo(top 1/3) I Qo = 7• O /5-:2 = I'.~ 

7 

Ratio (B-6.2A) or (B-6.2B) is in the range of 0.7 or more: ~ 0 No 

m3/s 
m3/s 

(B-6.28) 

If. yes, the air-sealing of bottom I/3rd and top I/3rd height of building offers the potentii: 1 peak demand 

reductioQ of HL1nO/(R«JuctionJ •maximum of (B-6.2A or B-6.2B) = i?+, $""XD'7.G kW. 

. . : 6t 'z, ;:..,/ 
• :•"!-, ,; " • S • , o)o ,;} .. 1 ;-.~-. ):JJ,v-: ( ... •.~){fa.:::~:)' J~,.- .. ·:-:-.,;, ,i: f 
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Prof Die of Air leakage Rate 
(Plot of Q and Floor Level - Page B-10) 

Alr-f low Rate, m3/s 
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FOCUSED COST SURVEY OF AIR-SEALING COSTS 

Air Sealing Measures 

Exterior Doors: 
Commercial Doors (Set of 2) 
Overhead Exterior Doors (Wood FasCia) 
.Fire Doors 
Interior Window Caulking 
Interior Door. Caulking 
Interior Baseboard Caulking 
Window I Patio Door weatherstripping 
Baseboard Heaters 
Wall electric· outlets 

$ 80.00 
$250.00 
$ 65.00 
$ 80.00 
$ 4.30 
$ 4.30 
$16.00 
$ 32.50 
$ 20.00 
$ 3.00 

This data was collected by Ontario Hydro in July 1991. 

each 
each 
lineal metre 
each 
lineal metre 
lineal metre 
lineal metre 
lineal metre 
each 
each 
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Air Leakage Control Measures In High-Rise Residential Buildings 

September 1991 

COST-BENEFIT .ASSESSMENT OF AIR LEAKAGE CONTROL 
MEASURES IN HIGH-RISE RESIDENTIAL BUILDINGS . 

The air leakage control measure offers an excellent opportunity for energy conservation and peak power 
demand savings in high-r.ise buildings across Ontario. Several multi-residential building owners and building 
managers have shown a great interest in implementing the air sealing measure in their buildings by taking 
advantage of Ontario Hydro's several cost incentive program(s). 

The two case studies, attached herewith, show the cost-benefit assessment 'of air leakage control measures 
in high-r.ise buildings. These buildings were part of a demonstration project for air leakage control 
sponsored by Ontario Hydro. The total cost of assessment, air-sealing, quality control and monitoring was 
borne by Ontario Hydro. 

The intent of the cost-benefit analysis is to present to building owners situations which arc fmancially of a 
similar order of magnitude, and to demonstrate the benefits acquired from the implementation of air leakage 
control retrofits. 

Scanuda Consultants Limited 1of5 



Air Leakage Control Measures in High-Rise Residential Buildings 

AIR LEAKAGE co'NTROL OF 251 DONALD STREET BUILDING 

Building Description 

The 251 Donald Street building is a 21·storey apartment tower, located in Ottawa, operated for senior 

citizens and owned by the · Ottawa-Carleton Regional Housing Authority (OCRHA). The building is 
comprised of 240 suites. The total floor area of heated space is 14,290 m2 (153,760 ft2). The total energy 
bill for the year 1990 was $134,900. The energy ~nsumption of this building was continuously monitored 
from Noyember 1990 to July 1991 to determine the impact of the air-sealing measures. 

Air-Sealing of Bulldlng 

The air-sealing measure was implemented on this building during_ the month of January 1991 to reduce the 
peak electric demand· and energy consumption; Building envelope, all windows, exterior doors, elevator 

shafts, and visual gross leaks were sealed. It should be noted that the total cost of assessment, air-.sealing 
and monitoring was borne by Ontario Hydro. Air leakage assessment and leakage characterization was done 

twice to meet certain research objectives such as development of a· reliable 8$Sessment procedure. Indoor 
air quality tests performed before and after air sealing showed that there Was DO negative impact On the 
general conditions of comfort and air quality in the building, The following presents the cost calculation of 
implementing the air-sealing measure. 

Cost of Assessment (Feaslbllitvl 

Building inspection, assessment and energy audit: 

Infra-red thermography, suite fan tests and 

air leakage characterization: 

Implementation 

Air-sealing: 

Inspection and quality control: 

Total Cost of Air-Sealing Measure 

Scanada Consultants Limited 

$ 4,500 (The actual cost was higher 
because of research element. 
The stated cost represents a 

typical assessment cost) . 

$ 2,000 (typical) 

$54,816 (actual) 

$ 2,400 (typical) . 

~16. 
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Air Lealmge Control Measures In High-Rise Residential Buildings 

Reductions In Energy Consumption Costs 

Monitored results showed the following energy savings: 

Reduction in annual energy consumption: 196,500 kWh(@ 7.5% of total) 
Reduction in monthly peak' demand: 85 kW during · the months of December, January and · 

February and of at least SO kW in the months of November, 
April and May. 

Energy cost reductions at 1990 rate: 196500 kWh x $0.0433/kWh • $8,500. 
Demand cost reductions at 1990 rate: 85 kW x 3 months x $4.10/kW + 50 x 3 x 4.10 = $1,660. 
Total reduction in billing due to air-sealing is $10,160 which is approximately 7.5% of the total 1990 electric 
bill for the building. 

Simple Payback Analysls 

The simple payback of the air-sealing measures to building owners, without considering any financial 
incentives, is 6.3 years ($63716/$10160). 

The air scaling work to improve the building envelope qualifies for Ontario Hydro's incentive program. 
Ontaria Hydro generally pays the full cost of the feasibility study. The incentive for the· reduction in peak 
heating demand during winter months is calculated as up to $500/kW or fifty percent of air sealing costs, 
whichever is less. 

The building owner's financial commitment will be as follows: 

Feasibility study: 
Ontario Hydro 
Building Owner: 

Air sealing, inspection and quality control: 

Ontario Hydro 
Building Owner 

Total costs to the building owner: 

$6500 
$6500 
$0 

$57,216 
$28,608 (50% of total cost) 
$28,608 

$28,608 

Based on energy savings, the simple payback period is 2.8 years ($28608/$10160). 

Other Points 

It should be noted that the above analysis presents the cost calculations based on 1990 electricity rates. The 
1991 rates are approximately seven percent higher, and the 1992 rates are expected to increase more than 
10%. It is our belief that the unit cost of air sealing may remain the same for a year or two due to 
competition and market forces. A cost-benefit assessment should consider these situations. 

Scanada Consultants Limited 3 ors 



Air Leakage Control Measures In High-Rise Residential Buildings 

AIR LEAKAGE CONTROL OF BRIDLEVIEW YORK CONDOMINIUM 

Bulldlng Description 

The Bridleview York Condominium (YCC 449) is a 10-storey apartment building with 95 suites. It is located 
in Toronto. This is a freehold · condominium apartment building managed and maintained by Gelco 

Management Services Limited. The total floor area of heated space is 9,825 m2 (105,720 ft2
). Each suite 

is provided with electric baseboard heaters for space heating. Natural gas is utilized for h~t water and for 
heating the building make-up air. The total electrical energy bill for the year 1989-90 was $92,546. The 
energy consumption of this building was continuously monitored from November 1990 to July 1991 to 
determine the impact of the air-sealing measures. 

Air-Sealing of Building 

· The air-sealing measure was implemented on this building during the month of December 1990 to reduce 

the peak electric demand and energy consumption. The building envelope, all windows, exterior doors, 
elevator shafts, and visual gross leaks were sealed. It should be noted that the total. cost of assessment, air­

sealing and monitoring was borne by Ontario Hydro. Air leakage assessment and leakage characterization 
was done· several times to meet certain research objectives such as development of a reliable assessment 

procedure. Indoor air quality tests performed before and after air sealing showed that .there was DO negative 
impact on the general conditions of comfort and air quality in the building. The following presents the cost 
calculations of implementing the air-sealing measure. 

Cost of Assessment (Feasibility) 

Building inspection, assessment and energy audit: · 

Infra-red thermography, suite fan tests and 

air leakage characterization: 

Implementation 

Air-sealing: 

Inspection and quality control: 

Total Cost of Air-Sealing Measure 

Scanada Consultants Limited 

$ 4,500 (The actual cost was higher 

because of research element. 
The stated cost represents a 
typical assessment cost.) 

$ 2,000 (typical) 

$38,000 (actual) 

$ 1,800 (typical) 

$46.300. 
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Air Leakage Control Measures.In Hlgh·Rlse Residential Buildings 

Reductions In Energy Consumption Costs 

Monitored results showed the following energy savings: 

80,370 kWh(@ 4.8% of total electric consumption) Reduction in annual energy consumption: . 
Reduction in monthly peak demand: 42 kW during the months of December and January, and of 

at least 25 kW in the months of November, February, March 
and April. 

Energy cost reductions at 1990 rate: 80370 kWh x $0.07/kWh = $5,625. 
Demand cost reductions at 1990 rate: 42 kW x 2 months x $9.10/kW + 25 x 4 x 9.10 == $1,675. 
Total reduction in billing due to air-sealing is $7,300 which is approximately 7.9% of the total 1990 electric 
bill for the building. 

Simple Payback Analysis 

The simple payback of the air-sealing measures to the building owner, without considering any fmancial 
incentives, is 6.4 years ($46300/$7300). 

The air sealing work to improve the building envelope qualifies for Ontario Hydro's incentive program. 
Ontario Hydro generally pays the full cost of the feasibility study. The incentive for the reduction in peak 
demand during winter months is calculated as up to $500/kW or 50% of air sealing costs, whichever is less. 

The building owner's financial commitment will be as follows: 

Feasibility study: 
Ontario Hydro 

Building Owner 

Air sealing, inspection and quality control: 
Ontario Hydro 
Building Owner 

Total costs to the building owner: 

$6500 
16500 
$0 

$39,800 
$19.900 (50% of total cost) 
$19,900 

$19,900 

Based on energy savings, the simple payback period is 2.7 years ($19900/$7300). 

Other Points 

The above analysis does not account for energy savings in the make-up air system which is heated by natural 
gas. It should be noted that the above analysis presents the cost calculations based on 1990 electricity rates. 
The 1991 rates are approximately seven percent higher, and the 1992 rates are expected to increase more 
than 10%. It is our belief that the unit cost of air sealing may remain same for a year or two due t9 

competition and market forces~ Cost-benefit assessment should consider these situations. 

Scanada Consultants Limited s ors 



APPENDIX D: AIRTIGHTNESS TEST REPORT FOR DONALD STREET BUILDING 
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ABSTRACT 

Report CR6346.1 
Page 1 

This project was undertaken at the request of Scanada 
Consultants Limited. The objective was to determine the 
whole-building leakage of a 22-storey apartment building 
(251 Donald Street, Ottawa) prior to, and immediately after 
measures were taken to seal the envelope. 

TEST BUILDING 

The masonry building is 22 stories high. The ground 
floor has lobby, maintenance, laundry and recreation areas 
in addition to the apartment of the building superintendent. 
Twenty stories (2 through 12, 14 through 22: there is no 
13th storey) are typical floors, each housing 12 apartment 
units. The single supply air unit for the building is 
located in the penthouse. 

TEST METHOD 

The general procedure for conducting whole-building 
leakage tests has been described in the Institute for 
Research in Construction report to Canada Mortgage and 
Housing Corporation entitled "Establishing the Protocols for 
Measuring Air Leakage and Air Flow Patterns in High-Rise 
Apartment Buildings" (Report No. CR5855.1; 18 April, 1990). 
Specific details of the test c6nducted at 251 Donald Street 
are reported below. 

Installation of Fan and Flow Monitoring Equipment 

A large vane-axial fan with a maximum capacity 23,600 
L/s was used to depressurize the building. The fan inlet 
was connected by 12 rn of 0.9 m ~ diameter ducting to a 
plywood panel temporarily installed in the double doors 
adjacent to the garbage room on the west side of the 
building. The door panel and all joints in the duct/fan 
assembly were sealed with tape prior to testing. Airflow 
rates were measured upstream of the fan intake using a pair 
of total pressure averaging tubes. Flow rates are accurate 

.to within 5% of the measured values. 



Installation of Pressure Monitoring Equipment 

Report CR6346.l 
Page 2 

The pressure differences across the building envelope 
at both the ground and roof levels were measured using 
electronic manometers with a strip chart recorder (accurate 
to within 5% of the measured values). The average of the 
two measured values was used to represent the mean pressure 
difference across the building envelope. For measuring 
exterior pressure at the ground level, clear vinyl tubing 
(3.2 mm ID) was run to the centre of each of the four . 
exterior walls. The end of each tube was positioned about 
1 m above ground level, with the open end pointing downward. 
Each of the four 50 m long tubes were connected to a single 
manifold (12.5 x 5.5 cm · dia. copper cylinder). The average 
external pressure at ground level was measured from this 
manifold. The ground floor interior pressure tap was 
located at the centre of the ground floor sitting area 
(South of the main lobby area) • To measure the external 
pressure at the roof, a static pressure probe was placed on 
the roof adjacent to the South wall of the elevator room. 
An internal pressure tap was located at the centre of the 
22nd floor corridor. 

Building Preparation 

All exterior windows and doors were shut tightly and 
continuously monitored during the test. Entrance doors from 
the corridor into the apartments were blocked to give · an 
opening of approximately one inch. All stairwell doors were 
blocked fully open. One of the double glass doors (the west 
one) leading to the ground floor sitting area was blocked 
wide open, the other door · remained closed during the test. 
Access through the main entrance door was controlled during 
the test such that the doors remained closed while 
measurements were in progress. The supply air system and 
garbage exhaust fan were shut down. Power to the washing 
machine and dryers was turned off. The following grilles 
were sealed with plastic sheeting and aluminum tape: 

- supply fan intake (roof-top) 

- garbage chute vent (roof-top) 



- Ground Floor: 

- West Wall: 
West Wall: 

- West Wall: 
- West Wall: 
- West Wall: 
- West Wall: 
- South Wall: 
- East Wall: 

grille 1.8 m 
grille 7.9 m 
grille 11.l m 
grille 17.2 m 
grille 8.0 m 
grille 1.6 m 
grille 5.2 m 

grille 5.2 m 

Air Leakage Rate Measurement 

Report CR6346.l 
Page 3 

South of North end 
South of North end 

South of North end 
North of South end 

North of South end 
North of South end 

West of East end 
South of North end 

Once the building preparation was complete, the duct 
intake was blocked with a plywood panel. While access to 
the building was restricted, base ·readings of the pressure 
differences across the building envelope were recorded. The 
block was then removed, the fan was turned on and the flow 
rate adjusted to give a pressure difference across the 
building envelope at ground level of approximately SO Pa. 
Access to the building was again restricted while pressure 
differences across the envelope were recorded for a period 
of 2-3 minutes. The fan flow rate was then adjusted and the 
procedure repeated for pressure differences of approximately 
65, 40, 30 and 20 Pa. The fan was then turned off, the duct 
intake blocked, and base readings -were repeated as described 
above. To minimize weather effects (wind and stack action), 
the average of the initial and final base readings were 
subtracted from the measured envelope pressure differences. 

TEST RESULTS 

Two test were conducted: Test 1 was conducted on 
Oct. 23, 1990 prior to the building retrofit, and Test 2 on 
Mar. 25, 1991 shortly after retrofit completion. 

Pressure data and leakage rates for Tests 1 and 2 are 
given in Tables 1 and 2, respectively. Weather conditions 
at test time are summarized in Table 3. In Figure 1, the 
leakage rates vs. the mean pressure difference across the 
envelope (average of corrected ground and roof level~P's) 
are plotted for both tests. 



Table 1: Observation• for teat date 90-10-23. 

·----------------- ---- -
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Obaerved Pr•••ure Difference, Pa Corrected Preeeure Diffennce, Pa C •) 

Ten 
Ho. 

Duct 
Velocity 

Teat Preaaure 
Time (Pa) 

Air ---------· 
Flov Grd.Ezt. Roof Grd.Ext. Roof 
Rate va. va. ve. v•. 

(L/a) Grd.Int. 22nd Cor. Hean Grd.Int. 22nd Cor. Mean ---------·---------·-----·------·--·----·----------·--·-------·- ·--
In'l Ba•e 15:15 o.o 0 U.6 -22.8 

1 15:25 150.0 10,219 50.1 -2.2 24.0 33.8 20.0 2'.9 

2 15:34 79.0 7, 416 37.5 -6.8 15.4 21.2 15.4 18.3 

3 15:44 39.0 5,211 28.8 -u.o 6.4 12.5 6.2 9.3 

4 15:55 6.0 2,044 20.0 -18.0 1.0 3.6 4.2 3.9 

5 16:07 221.0 12,404 '2.4 -2.0 30.2 46.1 20.2 33.1 

Final Baae 16:25 o.o 0 16.1 -21.5 

-·----------- - -----·---·---·----------·------• Corrected Pre•aure Difference - Ob••rved Preaaure Difference - Averaged Ba•• Preaaure Difference 



T.ble 2: Obeervatione for t•et dat• 91-03-25. 

Report CR6346.l 
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--------·--·-·-·-------·--------·-------------·---·------------------------- ---------------------------------------
Observed Pr•eeure Difference, Pa Corrected Pr•••ure llUferuce, Pa (*) 

Duct Air ------------------------------------ ----------------------------------- --------
Velocity Flow Grd.Ext. 22nd Cor. Roof Roof Grd.Ext. 22nd Cor. Roof' Roof Ground 

Teet Teet Preeeur• Rat• ve. ••• va • va. va. ,, .. .... va. • Roof llo. Time (Pa) (L/e) Grd.Int. Grd.lnt. Grd.Int. 22nd Cor. Grd.Int. Grd.lnt. Grd.lnt. 22nd Cor. Hean _____ _,_ _________________________________ ----------------------------------------------------------------------------------------~-~-------------------

In'l BaH U:40 o.o 0 26.3 -2.9 -21.1 -21.3 
I 

1 14:50 H.O '· 675 51.5 7.5 3.2 -5.5 25.1 10.9 26.1 15.9 20.1 

2 14:54 H.2 7,836 57.6 9.6 8.0 -2.5 31.8 13.0 30.9 18.9 25.3 

3 U:51 123.0 9,254 65.1 13.4 14. 1 0.6 3'.2 16.8 37.6 22.0 30.6 

4 15:02 141.0 9,908 0.9 15.7 u.1 3.5 U.1 19.1 42.0 24.9 34.5 

5 15:07 37.6 5,116 43.9 3.1 -6.2 -10.0 11.1 6.5 16.7 11.4 14.l 

' 15:11 11.8 3,618 38.3 . 0.8 -11:1 -13.8 12.4 4.2 11.2 7.6 10.0 

7 15:14 t.I 2,612 35.3 -0.2 -14.5 -15.S 9.4 3.2 8.4 S.9 7.7 

Final Baae 15:17 o.o 0 25.4 -3.9 -24.0 -21.s 

----------·---·- ··----·----·------------------·--------------------------------·-·---------------------------------------------------• Corzeoted Preaaure Difference - Obeerved Preeeure Dif fereno• Averaged Baae Preeeure Difference 



Table 3: Weather conditions during testing. 

Weather 

Parameter 

Outdoor Temperature, C: 

Indoor Temperature, C: 

Wind Speed, km/h: 

Wind Direction: 

Test No. 1 

Oct.23, 1990 

8.0 

22.0 

18.5 

NE 

Report CR6346.l 
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Test No. 2 

Mar.25, 1991 

2.5 

23.3 

calm 

.N/A 
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MR. I<. RUETT, 

Air Balancing and Related Maintenance Services 
Balancement D'Air et Services D'Entretien 
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TELEPHONE 825-3690 
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SC:ANADA CDN::;LJL TAhJT:~; L TC:·. , 
435 MACLAREN ::::T. , 
OTT At.,IA , CNT AR I 0 
K2P OM:J 

:=; UMMA F:Y : 

..TC:S: OT-:'" At.Ji; CAF:LETON HOU:3ING 
251 [i(lf'.IALD 

1 • FF:E3h A Ir;; MOT OF: I: ED ~·.:ii··ff·SF; HA:=; TC E:E f;.:EF'i::H RED. THE l"IOTCIR 
[..JI LL r·.JIJT Of'~ F .. ·1E 'THE DA~"if'E:·;: ::::1F:Ot:h. (1,IE rinC:. TO OPEN IT BY HAr'm. 

2. THE DESIGN CFr·I F:Ei~:UI F:C[1 CtF · 12, 200 CFM. OE:TAINED FF:OM THE 
INDH.-IIDIJAL ::;;UPPLY AIF: OFC:i . ii .. 1G I:=: Q/-.ILY 10 1 .:t05. THIS S"r"STEM IS LO(,,I 
ON E;UF'FLY A IF: 8"( 1 7 ?5 CF. ' .::,-:: 1 :;.-;. 

~:. THI·=; SY:=;TEM C'At,l BE li...::::r::,::..,·:~r:c· Il'·J THc OUTPUT OF AIR BY 
11-.J':::T1'.1LLIHG NEi,..J [:·F':Il)E·=· ~r·.J[, :.•-:::::LT:::: TD ;;:EriCH 12,:200 CFM L-JITH THE 
E><SI:~TIHG ELECTF.:I :~· t·iCT1::::::-..... ,:-;:Ci-' ! ~. •:;~·[~:ATING THE SUPPLY FAN Hm,1. 
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Air Balancing and Related Maintenance Services 

- Balancement D'Air et Services D'Entrelien 
9 ETTRICK CRESCENT, NEPEAN, ONTARIO K2f 1E9 

Tl:LEPHONE H25-Jb'JU 

VENTILATION TEST REPORT 
RAPPORT - CALIBRATION DE LES VENTILATION 

PAGE_L_OF / 
PAGE DE-r--

TEST BY & A/0~ /f {A,v.{) 

JOB NAME 
NOM DU PROJET 

ADDRESS 
ADRESSE 

C> ZZ'l9.Y1i (?'4~~ ,-o,..J ~~(~ 

rv?-$1 .Qqz1~ 

• ESSAIPAR • 

DATE ~A..6 oro ff'! 
DATE 

SYSTEM 
SYSTEME 
~f' SAA/ 114 I EQUIPMENT LOCATION 

ENOROIT D'EQUIPEMENT 
/Lr~ #/Ce~~. 

FAN 
VENTILA TEUR 

7/2Ac/lt.. MAKE 
MANUFACTURIER 

SIZE 7-: ~ ""' _ _ / 
GRANDEUR/ 7 t, - J - I H 

TYPE C" ,t94$ (..,/IL ;-
TYPE 

MOTOR 
MOTEUR HP ~ 

RPM /7./-o 

PULLEY DATA 
ADJUSTED TO t AOJUSTE A 

DONNES POULIE TOP MIDDLE eon 
HAUTE MOIENNE BASSE 

MOTOR 
MOTEUR LJl:l..T 
FAN 
VENTILA TEUR ~()!(. 

OPENING 
OUVERTURE 

AREA SERVED 
ZONE DESERVIE NO. SIZE 

OUATUT. GRANDEUR 

~_,::) '410 A'~ I /~~ 
o:JI .tr- rt' o0'1L .t /~..1 

&lo 171 ,el.a_ 3 - v~..c 

19 '171 4-nt- ,/ /~..t 
18 r,i/ ~ .s /0.1 

• 

FACTEUR 

I( 

FACTOR 

·8J 

·8d. 

·8~ 

·8~ 

·.g,A 

LINE VOLTS 
TENSION 

MOTOR AMPS 
AMPERAGE MOTEUR 

FAN RPM 
VENTILATEUR RPM 

SYSTEM CFM 
SYSTEME PCM 

BELTS 
COURROIES 

REQUIRED 
REQUIS 

VEL CFM 
VITE SSE PCM 

1.11 ,60 
731 . (o• 

7~/ '·o 
7~/ loo 
7.31 tao 

RATED I DESIGNE . I ACTUAL I ACTUEL 

..52:;,-

I (.I, 
,.s75-

'9· fo '·O. (.b 

REQUIRED I REOUIS ACTUAL I ACTUEL 

- <9010 

O"O O_ /o S--

NO. SEC. SIZE I GRANDEUR 

oJ. 6 ~~ 

PRELIMINARY FINAL 
PRELIMINAIRE FINAL 

VEL CFM VEL CFM VEL CFM 
VITESSE PCM VITESSE PCM VITE SSE PCM 

~~ o? • .c- (09 ~ 'o<; &;;, 

ol)~ ot4 6-.1 .St~ ~~/ .s~t:; 

~~ .5!.o . /.J./ .!'.:lo 65/ 5•o 

~y8 IS:- t~t. .S.lo I:.¥' S~o 

719 .Sfo {,J./ 5,;o tJ,t .5~o 
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VENTILATION TEST REPORT CONT'D 
RAPPORT - CALIBRATION DE LES VENTILATION CONT'D. 

JOB NAME o2 tL/ g}. cm/ d./) 
NOM DU PROJET 

:~:~:~E ~ f9't<I 11"- I 

,, .... .- _.. T 

OPENING FACTEUR REQUIRED PRELIMINARY 

... I 
FINAL 

AREA SERVED OUVERTURE REOUIS PRELIMINAIRE FINAL 
I( 

ZONE DESERVE NO. SIZE VEL CFM VEL CFM VEL VEL CFM 
OUATUT. GRANDEUR FACTOR VITESSE PCM VITESSE PCM VITESSE PCM VITE SSE PCM 

/7 rlf r/ an<.. . L I~ .e~ foj I tee .5-i-7 0170 ii!. I ..5h> 6~/ :JI-a 

/t. . Ill- d_~ 7 1$?..t ,9.;i_ 1.JI /,oo &S.3 ""tau (~J ..s~~ .6Jc/ .1k 
;~Ill- 4~ d /~..t '8d... Jdl t.oo toe; £ro (o.<; ~ {, o<; ~ 
I ,I ;-,¥ rluiPt- ' 

10oe ·8~ 7..51 'OQ 3o./ ~c=S'~ 'o~ ~ (D <:j .500 

/&. Tl/ ;::/'~ /o /~.z ·d~ 7.!il boo .S97 ./9o (dl.I oSta (02.1 ..S10 

II r11 ,et~ 1/ l~.L '8~ 7..51 'C)Q .r~ l/o 6~/ .S10 6~/ .S10 

/o TH dlO'L /.J.. /~.,t ·BOI. 73.I boo /3;i. Jss- (3J ~o i..J./ .S~o 

'i r11 docs#_ /.!> 10ci1 ·a~ 7.31 '·Q .5~8 l,ISo b.3f ~b 1..3./ ~~o 

A r-11 ~· ,.;. /$?ol •d#... 7.31 Coo ~'1'7 ./9o (j8 .51b' (~ '51S-

1 T7f- ~ /':) I~ ·e~ 7.J/ Loo .;,9 ~&;' torr ~ Co<i £0 .. 

. " rH ~ I' 10'.,1 .9.;i J.J/ {ao Sia !~ i3/ .So1.o /,.s/ ~ 
.5 T;I 4~ 17 /~.2. ·8~ /,$/ ,00 {.s'i ..j(,o 697 if\) S<;7 ~'To 

+ -;-If dd1L /8 l~.,t. ·e.:t 7.3/ /.oo ~/ ..$/~ Co9 ~ to 'i ~ 
~ ~() ~ l'i /~..t •8.J.. 7.J/ 600 Bl.s 7'4 609 .s;; 60<;' ~ 
~ IVO dlld(. 02.:o 10J ·a~ 7.31 boo /./~ ..3t.~ 6:1 ~lo ~d./ ..S10 

I .. r ~ o1/ /~ ·.J 7 .S,/o c/t¥o f.3d.. ~./~ ~lo o2QO !>/o .:loo 

I 
--
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I AIR BALANCING REPORT 

PROJECT: 

CONTRACTOR: 

2500 Brldeltown Circle 
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Scarborough, Ontario 

ENGINEER: Scanada Consultants Limited 
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APPENDIX F: PRESENTATION OF PROJECT 

F-1 Technical Paper 

Attached technical paper was presented at 12th Conference of Air Infiltration and Ventilation Centre held 
in Ottawa during September 22-27, 1991. 

F-2 Presentation Material 

The overhead slides and photographs were Used to make several presentation on this project. 
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AIR MOVEMENT & VENTILATION CONTROL WITHIN BUILDINGS 

12th AIVC Conference, Ottawa, Canada 
24-27 September, 1991 

. COMPARISON OF AIRTIGHTNESS, INDOOR AIR QUALITY AND 
POWER CONSUMPTION BEFORE AND AFTER AIR-SEALING OF 
HIGH-Rise RESIDENTIAL BUILDINGS 
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COMPARISON OF AIRTIGHTNESS, INDOOR AIR QUALITY ~ND 
POWER CONSUMPTION BEFORE AND AFTER AIR·SEALING OF 

HIGH·RISE RESIDENTIAL BUILDINGS 

SYNOpglS 

Air infiltration and ventilation has a profound influence OD both the intcmal environment and 
on the energy needs of buildings. In moat electrically heated high·risc rcaidcntial buildioga, 
in cold climates, during the peak winter conditions (below -18 deg C ambient temperature and 
above 1S laJl/hour wind velocity), the air infiltration component cootribulcs lo heating load by 
10 to 18 W/m2 

• roughly 2S to 35% of peak heating demand. A.Dy reduction in such 
uncontrolled air iDfi.ltration, without sacrificing indoor air quality, will have potential to reduce 
the peak hcatiog demand. To evaluate the effectiveness of air-scaling measure, the air leakage 
rates through the building envelope were measured both before and after. the air-scaling using 
the large vane-axial fan. Several air qualily measurcmcots (indoor temperatures, relative 
humid.ii)', C02, formaldehyde, radon gas) were taken iD each building to assess the practical 
implications of air scaling on the indoor air quali1y and thermal comfort. 

The whole building airtightness tests showed that the air-scaling of the building envelope 
reduced the air leakage rate by 32% iD one building and 38% in other. Energy monitoring 
for two buildiugs showed the reduction iD heating dc:maod by approximately 6 W/m2 of tloor 
space - 12 to 15% due to air leakage control lodoor air quality tests showed that the air 
sealing had no negative impact on the general conditions of comfort and air qualily in both 
buildings. The field implementation of air .leakage control has helped to remove some of the 
uncertainties and shown the potentials for conservation arc indeed considerable. This paper 
presents the field tests and results, and suggest a procedure for the use by air-sealing 
practitioocrs to evaluate different air-scaling strategics. 

1. IN'fRODUCflON 

Concerned cspcclally with rcduciug peak power demand, Ontario Hydro (the largest electric 
utility iii Canada) is exploring various energy conservation strategies and their potentials. One 
way to obtain .load reduction and energy efficiency is through improvements in the efficiency 
of electric space heating iD high-rise residential buildings. . ' . 

The eDCrgy audit and assessment of four high-rise residential buildings located in Ontario 
showed that the peak space heating demand varies from 35 to 65 W/m2 of floor space. During 
peak winter conditions, the air leakage component contributes to the heating load by 10 to 18 
W/m2 ·roughly 2S to 35% of the peak heating demand [Scanada 1991]. Therefore, the control 
of air .leakage in buildings has become recognized as a key element in achieving energy 
conservation. Clearly, if high-rise buildings could be better air-scaled, the potentials for 
reductions in pealc demand (plant capacity) and energy usage, and the associated costs, should 
be enormously attractive to building owners and _the utility. 

Despite the importance of the process of air leakage in high-rise buildings, it is still an aspect 
of building science about which thcte is coosiderablc uncertainty. In part, this problem has 
been made difficult by the diverse range of buildings, each constructed according to widely 
varying construction practices. The quantification of air J.cakasc flows is difficult due to the 
complexities of the flow mechanisms. It is this lack of design considcratiom in the building 
construction which has freqUCDtly resulted in higher heating coasumption, and moisture and 
air quality problems. Oearly, good predictive design methods and demonstrations of air 
leakage CODtrol should assist in formulating programs relating to improve the energy efficiency 
of high-rise buildings. This paper dcacribca a procedure to asscaa air leakage and field tests 
conducted to assess the effects of air-sealing on overall building airtightness, indoor air qualily, 
~d power C011Sumption before and after air-scaling of two high-rise residential buildings. 



2. PROCEDURE TO DETERMINE AIR LEAICAGE RATE 

A simplified air leakage estimation procedure was developed. based primarily oo. equivalent 
air leakage area and local net prc&surc distribution [Scanada·l l.991). The pressure difference 
at a given location depends on the infilcralio.11 driving forcca (stack, wind aad mcdwiical 
ventilation) aad the c.baractcristics ol the opening iA thc building envelope. A simplified 
network of air-flow paths caa be established using the following information: climate and 
exposure, buildiDg types, building form, buildiog dimcasiou.s, surface to volume ratios, shafts, 
aad envelope types, windows aad doors, envelope crack lengths, opcnl!JBS, and make-up air 
strategics. The algebraic sum of air-fiow through these paths mu.st always be equal to zero. 
By applying the mass balaacc equation, tho compoocnt of air infiltration which would be 
occurring during the peak winier condition can be dctcrmincd. This air-flow rate is 
responsible for the space heating load due to uncontrolled ia.fillration. AI!y reduction in this 
infi.kradon tlow should dcacasc the heating requirements for the building. The procedure has 
been simplified and developed into a practical application tool which will be utiliz.ed by 
assessors and air leakage control contractors. 

The leakage paths on the exterior building envelope aad shafts arc claWficd as following: 

- the basement floor plus groWld floor [AJ, 
• typical tloor [A,-], and 
• top fioor and penthouse [A,J. 

As.sumiag that there is a neutral zone at the m"' floor as £hoWD in Figure 1, the infiltration rate 
0 1 and cxfiltratioo rate 0 0 through the exterior wall can be expressed as the following with the 
inner/outer pressure differential AP (Pa) and leakage area A (m2): . 

and 

M•l 

Q,-AaJ,.,..,(2 ..... 14 ..... P ~...,..,p-)+ E A~f4-P }IP> 
J-2. 

N 

Q.· "LA.,JilAPjlp)+AJt/(2(6.PlJJp) ,_.., . 

The airflow balance is 

where, Q 
A 
p 
AP 

Q,-Q • 

.. Airflow rate, m3/s i • in-flow, o • out-flow 
• leakage area, m2 

.. air density, kg/m3 

.. pressure difference across building CAvelopc, Pa 

The solution to the above three equations can be obtained using the following steps: 

(1) 

(2) 

(3) 

L DetcrmiDc the leakage paths at each floor and as£ip the leakago clasa (visual impcctioa, 
thcrmography, and simple tcstL •• ) 

2. Establish the stack pressure, wind prc:&Surc and prcuurc due to .lllC'Ch•nicaJ vcntilation 
and determine the net indoor/outdoor pressure difference (AP) at each tloor. 

3. Calculato the air .flows at each 6oor lovcl uaing the abovo equations by as.aumiDg fine 
that the neutral pressure plane (NPP) occura at the mid height of the building. 

4. Equate the air inflow and outtlow (Q, = Q.J. If inflow is greater than outflow, then 
move the NPP _ooc floor below and repeat the cal~tiom as in Step 3. If the inflow 



ia lower tlum the outflow, then asaume the NPP ODO floor above and repeat the 
calculations. These steps should be repealed until at 1caat three pcrc:cut difference 
between iDflow (OJ and outflow (OJ is obtailicd. 

S. The air iDflow (OJ to the building is the UDCOntrollcd air Wiltration. Reduction in this 
component wW result ia reducing the peak hcatiag demand and energy consumptiOJL 

Bucd on the above method of dctcrmiaiag air lcakage rate, a field impcedon procedure was 
developed to assess the pot~ reductions in peak heating demand [Scanada·2 1991). The 
air leakage asacssmcnt procedure addrcucs four conccms: (1) What is the air leakage in the 
building? (2) How much reduction in peak demand is possible with air leakage control? (3) 
What wW be the air scaliag priorilica and cJJcctivcncas for achicviag maximum ratio of 
reducdon in kW to the air scaling costs? and (4) How tight c:an buildings be and still supply 
adequate ventilation aDd maintain indoor air quality'I Figure S shows the algorithm of the 
assessment procedure. 

3. FIELD DEMONSIRATION AND RESULTS 

1\vo buildiags were selected for the dcmomtradon of air .leakage control. The following tests 
were conducted to characterize thcac buildings before and after the air-scaling work: (i) viiual 
inspection and asse&maCDt of air .leakage paths, (ii) whole building airtightness tests, (ill) 
indoor air quality, and (iv) monitoring of energy and power consumption. The buildiDgs arc 
as follows: · · 

BullclJna A: It is a fairly well m•iat•iatd 21-storcy apartmcnt tower located in Ottawa in an 
open and flat terrain. Its 240 suites arc fully occupied. The total heated floor space is 14,290 
m2 and the heated volume is 43,SlS m3

• The exposed· building CDvclopc area is 7,470 m2
• A 

detailed energy audit of the building showed that the average aDDUal space heating energy 
consumption was 105 kWh/m2/ycar. The peak space heating demand during the winter months 
was 42 W/m2

• Ottawa has 4,634 hearing degree days and the winter design temperature of -23 
°C and wind speed of 12.S m/s. 

BUudJDa B: It is a tCD-storcy apartmcot building located in a suburban of Toronto. Its 95 
suites arc fully occupied. The_ total heated floor space is 9,825 m2 and volume is 251455 m3

• 

A detailed energy audit &bowed that the average annual space heating energy comumption was 
98.6 kWb/m2/ycar. The peak space bearing demand during the winter mo.albs was 46 W/m2

• 

Toronto has 3646 heating degree days and the winter design temperature is -18 °C and wind 
speed of 11.5 m/s. 

3.1 Estimation of Potentlal for Air l.eakage Control 

The air leakage assessment procedure was med to dctcrmiac the potential for air leakage 
control in these buildings. The field inspection mowed that the total leakage area in the 
Building A was 2.72 m2

• The air leakage rate at the peak winter conditions was calculated 
uaiug the above Equation& 1, 2 and 3. FJgW'e 2 mows the air leakage rates at the peak winter 
dcsigD condition. The air leakage rate in Building A was 5,990 Us, resulting in a heating 
demand of 2.65 kW· approximately 42% of peak space heating load. By assuming that the air 
scaling c:an reduce the uncontrolled air leakage by 32%1 the rC£Ulting in peak heating demand 
would be approximately 92 kW. Similar approach waa uacd to asacas the Building B. The air 
leakage control could potCDtially reduce the peak demand by approximately 33 kW in the 
Building B. 

3.2 Airtightness Test1 

A teat procedure •&lllbllshing du Ptotocoll f"' Mllllllling AV LMika,. and AV Flow Paamu 
in High-JW1 ApOttmlnl Buildin&f· WU used to coaduct the whole airtigbtnca tests in both 
buildiags [Magee and Shaw 1990]. 



BulldJDi A: A large axial vane fan with maximum capacity of 23,600 Us wu used to 
deprcssurizc the buildiag. The fan inlet was connected by 12 m of 0.9 m diameter ductin& to 
a plywood panel temporarily installed in the double doors. Airtlow rates were measured 
upstream of the fan .imake usiDg a pair of toral averaging tubes. Flow rates arc accurate wit.bi.a 
5% of tho mouurcd valuoi. A£ ahown ia FJgU?o 3, this building had a net uncontrolled air 
leakage rate of 4,740Usat10 Pa pressure difference before air-scaliug retrofit. The second 
test conducted after the air-scaling retrofit showed that the air leakage rate reduced to 3,220 
Us at 10 Pa pressure difference, As shown in Figure 4, the improvement in airtightness was 
32% after air-scaling. · 

Bulldlq B: The airtightness results showed that the air leakage rate was 1,SSS Us at 7 Pa 
pressure difference before air-sealing retrofit. The air-scaling of the building envelope 
reduced the air leakage rate to 1,165 lJs at 7 Pa pressure difference. The improvement in 
airtightness was 38% after the air-sealing. 

3.3 Indoor Air Quality 

Air quality in rcsidcmial buildings is an area of great conccm. With the trend to conserve 
energy, the effects OD air quality should be evaluated to avoid potential health problems which 
may result from the drastic reduction in air change. Therefore, during this study, air quality 
tests to monitor the effects of air sealing work were done before and after the air scaling using 
a test protocol developed by CMHC [CMHC 1990). The following air quality indicators were 
chosen for these buildings: fomaldehyde, radon, carbon dioxide, relative humidity and indoor 
temperature. In the Building B, carbon monoxide samples were taken at the ground and 
underground parking level 

Formaldelqdc: The formaldehyde readings did increase slightly in some apartments while 
remained relatively same in other apartmenli. However, the upper level& of formaldehyde 
concentration were well below acceptable limit of 0.1 ppm for residential occupancies. 

Radon: Radon samples were taken at the basement, ground and first floor levels. There was 
not any signifi_cant change in the radon level aft" the air sealing retrofit. The maximum level 
recorded in these buil~ was 20 Bq/m3 (0.54 pCi/L) which is well below the acceptable level 
of 148 Bq/m°' ( 4 pCi/L). 

CarboD Dlmdde: The carbon dimcidc levcla either remained the same or increased in some 
apartments after the air scaling However, the upper levels of C02 were less than 1000 ppm. 

. . 

Rcladve Humidity. The relative humidity levels increased in the lower floor apartments and 
decreased in the upper storeys. The average RH was at 29% before and 32% after air sealing. 
The measured data RH readings were within the human comfort zone. 

Carbon Monoxide: CO aamplea were taken at the underground parking and ground floor level 
at the Building B. Comparison of samples showed no significant difference. The CO levels 
were well below the accepted limit of 11 ppm. 

In both thcae buiJdinp, it was also obacrvcd that the air scalioa had reduced the movement 
of stale odours. ID fact, the scaJmg allowed for more COD&istcnt adjustment of air supply to 
the apartments. The air sealing had ilo negative impact on the general iadoor air quality in 
the test buildings. Variations and divergent trends observed from apartmcnt to apartment 
were quite representative of what could be expected due to occupant.s' lifestyle and habits. 

3.4 Comparison or Energy Consumption Before and After Air Syllng 

Energy consumption ia both the buildi0 p wu continuously mcwitored at cwcry 15 minute 
interval. The total c1cc:tric supply to the buildiag ud the hot water loads were mooi~ored 



from the month of November 1990 to Juac 199L Similar weather periods, before and alter 
air scalin& were selected to compare the cacrgy comuq>tion. Tho aaalysi& wu performed 
usiag the hoUrly cacrgy simulation program to develop appropriate correction factors to 
accollllt for solar gaiu, wcarhcr effects and oa:uplllC)' U&iag the building dc&criptioD. The 
rcaults arc summarized u follows: 

Bu&Wna A: The comparison of similar wcatbcr periods showed that tbo diffcrcace in clcctric 
· load before ud after air-scaling was 64 ca 84 kW depcndina OD die ambicat conditions. Using 

the buildiag dwac:tcriatics, and an auumcd weather profile for a peak day (ambient 
temperature varying from -18 to -21 •c and average wind speed of 12.S mis) aimuladOD was 
performed to , predict tho potcadal rcductiona iD heating load. Roaulta mowed that tho 
reduction in hc•ting load due to air-acalia& would be 8S kW OD a peak day - a reduction of 
14% of tho peak space heating demand, Tho space bearing energy comumption during the 
hcadna SCUOA rcdl&CCd by 12%. 

Bulldlq B: The compari&Oll of &imiJar wca.thcr periods showed that tbc difference iD electric 
load before and after air-sealina was "4 to 3S kW dcpc""iDB Oil Cho ambica& conditions. 
ADI!~ usiag the building charadcristka and an auumcd wca.thcr pro6lc for a peak day 
(ambient temperature varyiD& from -15 ca -18 •c and average wind speed of 11.5 mis) were 
performed to predict the potcDtia1 rcduc&iou in beating load. The reduction in Jicaring load 
due to air-scaliag was 38 kW OD a peak day - an 18% of the peak space boating demand. 
This rcductioa iD space hcatiDg ·load reprCICDU 10.5% of the total clcc:tric load for the 
building. The energy CODSumptiOD during tbc heating season reduced by 15%. 

4. CQNCLUSIONS 

- Based Oil the aucce.uful demomlrali.oD of air-acalia& work and the USO of aiscssmcnt 
procedure, it can be concluded that the air lcabge coatrol ofl'cn a potcmial to reduce 
the peak .eleccric demand by 4 to 10 W/m1 of floor space depending Oil the location and 
buildiug characteristics. 

- A method bu bccD developed to detcrmiDc the air leakage rate for high-rise buildinp. 
This assessment procedure has bccD validated with the field dcmODStratiOJl of air Jcakage 
control in two higb-riae buildi"-

.. 
• IDdoot air quality tests showed that the air scaling of the buildiag had no acgativc 
. impact OD tbc general conditions of comfort and air quality iD. both buiJdinga. ID both 

these buildiap. it was also observed that the air scaling had reduced the movement of 
stale odours. ID fact, the scaling allowed for more consiatcnt adjustment of air supply 
to the apartmcDts. 
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Initial Assumptions 

Figure 1: IDitial Assumptions. 
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Figure 2: Estimated profile of air in-flow and out-flow at 
the peak winter conditions for the Building A. 
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Ff&ure 3: Effccc of air-.scaling on airtightness of F\:ure 4: Difference in air leakage rate before 
Building A. and after air scaling of Building A. 
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Average Annual Energy Use in Four 
High-Rise Residential Buildings 

(215 kWh/year/m2 of floor space) 

Hot Water 
3% 

Lighting 

19%. 

--- - - - - - -- - -- - --- ----------.. Ven{~~tion 

Other . · 
3% 

Appliances 
14% 

Elevators 
11% 

Space Heating 
52% 

Based on energy audit of four buildlngs. 

Air Leakage 
32% 

Envelope 
55% 
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Base 
38% 

Peak ·Electric Consumption in 
High-Rise Residential Buildings 

~llI1@~~l¥1HM\iiU@t 1 s % 
~----------- ----- --- -------ventilation 

~Space Heating 
62% 

Air Leakage 
36% 

Envelope 
45% 

Total Electric Load 
(65 W/m2 of floor space) 

Space Heating Load 
(41 W/m2 of flqor space) 

Based on energy audit of four buildings. 
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Air Leakage Characteristics 

1 
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Olbjec~ove.~ 

• to develop practical design procedures for estimating 
reductions in peak power demand and energy consumption 
by air leakage control of· high-rise resid·ential buildings; 
and 

•. to test airtightness of two buildings, verify the 
assessment procedure and to show the potential reduction 
in peak power and energy consumption due to air-sealing. 
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Appiroacclhl 

• Develop a thermal model for assessing air leakage in 
high-rise buildings 

• Field implementation and validation 
- Assessment of air leakage and potential energy savings 
- Perfqrm the following "before" and "after"· tests 

Building airtightness tests 
Indoor air quality tests 
Energy and power monitoring 

- Implement air-sealing - quality control 
- Analyze and evaluate air-sealing implications 
- Compare the predicted and monitored data 
- Modify and fine-tune the assessment procedure 

• Develop the air sealing assessment procedure for use 
by practioners 
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Procedure fo~ Assessing Air Leakage and 
Potential Control in Electrically Heated 

Residential Buildings of Eight Storeys and Higher 

Prepared for 
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Sccarnada Corns1U1~ta1111ts lomited 
CarnAm IBl!Jli~dirng IErnve~ope Speccia~osts ~me. 
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Methods: 

!DeteirmiirnaUolnl of Aiir lealkage !Rate 
irn IHighl-=IR~~e lBlUlrndirngs 

• "whole" building airtightness tests 

• air-leakage assessment procedure 
- field inspection of leakage paths 
- determination of air leakage rate 
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Factors influencing air leakage in high-rise buildings: 

• Climate influence 
- outdoor I indoor temperature difference (stack effect) · 
- wind effect 

• Tope.graphic environment 
- wind shielding 
- terrain 
- surroundings 

• Overall airtightness of the building 
- building type, form, dimensions, surface to volume 

ratio, construction 
..;. envelope type, windows, doors, envelope crack lengths, 
·openings and make-up air str~tegies 
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Stack Effect 
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Mechanical Ventilation Effect 
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Wind Effect 
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Wind Pressures 

P..,=(pCPJfi)/2 

where, 
P,,, 
cp 
VH 

surface pressure due to wind, Pa 
pressure coefficient 
wind speed, m/s 

V..e1=A.,v_ 

V6 = V,.f.H/H,,)" 

Coefficient for determining wind velocity, V,,. 

Terrain Ao a 

Airport {building In a flat terrain) 1.0 0.15 

Suburban {cluster of low-rise 0.60 0.28 
bulldlngs) 

Urban {high-rise buildings In 0.35 0.40 
populated districts) 

Averaged Wind Pressure Coefficient, c,,. 

.Wind Angle LJW= 1 L/W = 0.25 LJW=4 
{degree) 

0 0.62 0.62 0.62 
10 0.60 0.60 0.60 
20 0.58 0.55 0.58 
30 0.5 0.40 0.52 
40 0.37 0.25 0.45 
50 0.25 0 0.37 
60 0 -0.25 0.22 
70 -0.2 -0.50 0.10 
80 -0.37 -0.62 -0.10 
90 -0.6 -0.62 -0.25 



Stack Pressures 

P
6 
=pa(hl -h2)[T1-T JIT

0 

where, 
P. 
p 

-
-

pressure difference due to stack effect, Pa 
air density, kg/ m' (about 1.2) 

7; - ·indoor temperature, K 
To - outdoor temperature, K 
h = building height, m 

P ~=P.•ThennalDraftCoefficienl 

Suggested Thermal Draft Coefficient [ASHRAE 1989 and AIVC 1982} 

Thermal Draft 
Coefficient 

Building with Isolated and sealed floors (tight) 0.6 to 0.7 

Building with semi-Isolated floors (average) 0.7 to 0.85 

Buildings with poorly isolated floors and several 0.86 to 0.95 
through shafts (loose) 

Most high-rise residential buildings with 2 elevator 0.80 to 0.90 
shafts, 2 stairways, garbage and service shafts 



Combined Infiltration Driving Forces 

where, 
a_ -
a .. -
a. -

P.=P +P +P 
n "'• .... -

Q..,.=CQ!+o:>v. 

total air Infiltration, Lis 
Infiltration due to wind, LI s 
Infiltration due to stack, LI s 
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Figure 1: A typical estimation of Q,, Qw and Q.,.. for a 20 storey building. 
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The leakage paths on the exterior. building envelope and shafts are 
classlfled as following: 

• the basement floor plus ground floor (Ao], 
• typical floor [A,], and 
• top floor and penthouse [An].· 

The lnflltratlon rate Q, and exflltratlon rate 0 0 through the exterior wall can 
be expressed as the following with the Inner/outer pressure differential AP 
(Pa) and leakage area A (m2): 

Al-I 

.Q1•AG1/-=(2.,...,.111 ..... P 0...,.,V....,..p)+ E A'11'!2fAPjJp) 
J•2 

(1) 

and 
N 

Q0 = E Ard2111P )Jp)+AJ(2.IAP-;Jfp) 
J•JI 

(2) 

The airflow balance Is 

Q,=Qo (3) 

where, Q = Airflow rate, m3/s I· In-flow, o ·out-flow 
A = leakage area, m2 

p = air density, kg/m3 

AP = pressure difference across building envelope, Pa 



Calcu/aUon of feak Heating Demand due to Infiltration 

where, 

where, 

where, 
q -
Q, -
p -
cp -

q=Q1pCPJJT 

heat load due to air Infiltration, W 
air inflow rate, LI s 
air density, kg/m' (about 1.2) 
specific heat of air, kJ/(kg C) (about 1.0) 

T, =T. qlntem•I 
b I UA 

T,, Is the balance point temperature used for Infiltration calculation. It 
depends on the thermostat set temperature, conductance heat losses 
through the bullding envelope (excluding Infiltration losses), and 
Internal loads (q,,.._J due to llghting, occupancy and other equipment. 
T, is the thermostat set temperature. 

UA Is c_omblned transmission and ventilation loss, K1 K per trf of floor 
area 

q"*-' is the internal heat gain from llghts, people, equipment and solar, 
W per rrf of floor area 

HL1ntlltrlltlon(reduot1on) =S elfllctlv•n ... *q 

E ={HL1nn1trat1on(teductlon) •DD •C)/{ JJ TJ 

E . = Annual reduction space heating energy, kWh 
DD = Annual heating degree days, (C - days) 
JJ T = Design temperature d/Herence, c {For Toronto, 38 C) 
C = C-factor, Credit factor, hours/day 
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A~rr lea~age A~~e~~meffi1~ lPrrocedfa.Br<e 

Steps: 

•.Building inspection' and assessment of air leakage paths 
- climate and exposure, building form and type, floor by 

floor leakage paths, openings, shafts ... 
- visual inspection and simple in-:-situ tests 
- building component air-leakage. characteristics 
- air quality and moisture assessment 

• Estimation of air leakage rate at peak design conditions 
- stack and wind pressure distribution 
- assigning leakage characteristics 
- estimation of air leakage rate and sealing prioriti~s 
- estimation of he~ting ·load due to air leakage . 

• Assessment of cost-benefits and implementations 
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I window 

condensation 'HS/f 

efflorescence 
(soluble salts) 

adhesive 
(also relied ~ ~I 
upon as vapour ~ 

barrier) 
ceiling 

(a) windows 
(b) electrical boxes 
(c) floor Joints 
(d) slab and wall Joints 
(e) lnterstitla.1 air passage 



l·HS-

. Aorc:>Sea~~irog !Proorotoe~ 

· The following air-sealing priorities are evaluated: 

•Windows 
· •Doors 

• Building Envelope 
• Shafts 
• Miscellaneous . 

• top and bottom 1/3 rd of the building 
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Figure 1. Procedure for Air Leakage Assessment and Control in Buildings 

BUILDING 
DESCRIPTION 

LEAKAGE 
DISTRIBUTION 

l 

-

* 
~ 

~ .. 
• 

Calculate wind, stack and 
ventilation pressure 

distribution . 

• Estimate component 
leakage area. 

• 
Determine infiltration and 

exfiltration airflows. 

A;r flow 
balance .. 

Determine reduction in 
energy consuf1l>tion 

and demand ,_ .. 
Estimate cost of air 

leakage in the building. ,_ 
.f 

Ranking of cost-effective 
air sealing measures. 

...-

Decision 
Scenario 

A;r-Sealing, Monitoring, 
Evaluations 

WEATHER 
CONDITIONS 

ELECTRICITY 
COSTS 

.. 

r--1 Building owner's 
financial commitments . 

---- Ontario Hydro 
incentives. 

AIR-SEALING 
COSTS 
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A~~ lealkage A~~e~~mernt IPro<ee<dllUl~e 

The procedure assists in: 

• identifying the need for air leakage control retrofits 

• determining the peak -air leakage rate in the building 

• estimating the p~tential reduction in peak demand and 
energy consumption 

• defining the air-sealing priorities and effectiveness 
for achieving maximum ratio of reduction in kW to the air­
sealing costs 

• analyzing cost-benefits and preparing the work plan 
. . . 

• evaluating the impact of ALC retrofits on DSM objectives 
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~rnfi~tiraU01111 I IExfi~tiraUoni IF~ow~ 
Assessment of air in-flow and out-flow 
at peak design conditions (251 Donald) 

Air Flow (m3/s) 
2 -

1 I- ....... . c ... . Exflltratlon ........................................................................................................................................ .. .......... =:::::::::::::,. ... :: :::::::; .. -. ................................ ... 

0 ~ 

- 1 r-........ r ··:::::::::::::::::::::::::==····=:::::::::::: .......................... ... .. _ .. _ ......................... ... ..................... -.... .. .... .. .............................. ........................................... ..................... -......... ... 

Infiltration 

- 2 r1···-··- ·- .... ... ......... ............. .. ....... .. ....... ................ .......... .......... .. "T"=~:;:~;::~ - , ..... . 
~a.__~~---''--~~---''--~~--.J~~~---'-~~~---'-~~~--' 

0 10 20 30 40 50 60 

Height of Building (m) 
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IF~e~d Demofill~tirat~ofill afilld Va~o<dJa~noU'i1 

• Two buildings - 10 storey Bridleview and 
21 storey Donald Street 

• Assessment of air leakage and potential reductions in 
peak demand, and priorizing air-sealing work 

• "Before" and "After" tests 
_Airtightness of building shell 
Indoor air quality 
Energy and power monitoring 

• Analy~es ·of data and comparison with predictions 

• Cost-benefit assessment 



(electric only) 
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Space IH<ea~inig IDemanidl Ca~<el!Jl~a~iolnls 
Bridleview Building 

Penthouse 
2% 

Iii 
I 

Roof 
4% 

Air leakage 
34% 
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1.5 

1 

0.5 

IEf feet of Ai1r-sea~inig on Ai1rtightness of 
251 ID>ona~d St1reet 181!.Jli~dinig 

Air Leakage Rate, L/s.m2 

I 

• Before Test (Oct 90) 

+ After Test (Mar 91) 

or-~~--L-~~--L~~~l.-..~~--1__~~-L~~-L~~__J 

0 5 10 15 20 25 

Mean Pressure Difference, Pa 
Before Test: Q = 0.0983 (Delta p)•o.809 
After Test: Q = 0.0580 (Delta P)"0.872 

30 35 
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D~~~eirerril<ee ~n A~ir leakage !Ra~e 
Before and After Air Sealing of 

251 Donald Street 

Percent Difference in Air Leakage Rate 
40 I. : : 

l I 
30 f-••m •• • -1mmmmm mm +•• '~r----r ,- i 1 mm mmH •• mmr m m mmr m m •m 

! j l ! ! I I I I I ! I I I l ! : ; I I 

l l I 
20 

10 

I -+- 'I(, Dlf f erence 1 · 

0"--~~'--~~'--~~'--~--'~~--'~~--''--~--''--~____. 

0 5 10 15 20 25 30 

Mean Pressure Difference, Pa 
35 40 
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Tota~ IE ~ect iric lDemand 
251 Donald Street, Ott~wa 

Electric Demand (kW) 
1000.--~~~~~~~~~~~~~~~~~~~~~~--
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Dec 1 Dec 16 Dec 31 Jan 15 Jan 30 Feb 14 Mar 1 Mar 16 Mar 31 
DAY 

(Building + Hot Water) 
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lE1n1eirgy Co1n1~lUlmp~~Oli1l 
251 Donald Street, Ottawa 

Energy Consumption (MWh) 
16-r-~~~~~~~~~~~~~~~~~~~~~~--------
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800 

400 

300 

200 

Compairi~on of !Enelf'gy Corn~l!.llmption 
IBefoire aliild A~teir Aiirsea~iliilg 

Power Consumption (kW) 

I l [ l _j 

. . Red ; ctlon In Peak Dem~nd . 

I i 

1001--···--·--·····-:--·· -·-··1 ~Jan 26 (After) -+-Jan 11 (Before) i···-·--·-······r····--····,·····-·-
o I , , I , , l , , I , , , , , , I , , I , , 1 

0:15 3:15 6:15 9:15 12:15 15:15 18:15 . . 21:15 0:15 

TIME 
261 Donald Street 
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Comparison of Power Consumption Before 
and After Air-Sealing of Bridleview 

Power Demand (kW) 
400.--~~~~~~~~~~~~~~~~~~~~~~~~--

350 I-·····--···· .. ······· .. ················-··················································· ·········································------· 
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Reduction In Peak Demand 
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Time 

~December 7 .... + ... January 17 ~Difference -· - Average 

Similar weather patterns for both days 
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IMcalke~lUJp A~r SUJpp~y 
251 Donald Street Building 

Air Flow, L/s 
400i-~~~~~~~~~~-:-~~~~~~~--....:.~~----. 
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rReducc~~o~~ ~~ IHJea~~~g lE~eirgy Conf§um~~~oll'i1 
(kWh/m2 of floor area) 

Reduction in Energy Consumption (kWh/m2) 
14.--~~~~~~~~~~~~~~~~~~~~~~~~~---., 
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(:-:-:-:-1 Aaaeaaed ~Measured 

For the heating season 
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!RedlUl<e~~olill~ ~Oil !Pealk !Poweir [)emarn<dl 
(W /m2 of floor area) 

Reduction in Peak ·Demand (W /m2) 
a~~~~~~~~~~~~~~~~~~~~~~~~--. 
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Estimated at winter design conditions 
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Co~~~l8ce1n1ce~it A~~<e~~mce1n1t 
(Cost of air sealing/demand reduction) 

Sealing cost $ I kW of demand reduction 
1400"-T-~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Brldlevlew Donald Street Dunfleld Sherlaourne 

~Actual I·:-:-:-:] Aaaeaament 

Using total cost of air-sealing 
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Cost-Benefit Assessment 

251 Donald Street 

Reductions in Peak Demand 
(Peak Design Conditions) . 

Building Envelope 5.2 kW 
6$ 

Windows 36 kW 
42'1. Miscellaneous 10.3 kW 

12'1. 

Unit Cost of Air-Sealing 
(Peak Design Conditions) 

Unit Cost, $/kW 
1000.--~~~~~~~~~~~~~~~~~~~~~~-. 

800 ~----·· - - · - ---------· 

600 

400 

200 

0 
Doore Envelope Wlndowa Shalla Mlacellaneoua 



· Comparison of Billing Data 
Before and After Air-sealing 

Building A 

Peak Demand, kW 
1000r-~~~~~~~~~~~~~~~~~~~~~~----. 

862 

800 803 743 ................. .. ........ ...................... . 774. __ ·····-·····--········· vnn• • ' 732 - -- - -- :=:. > • • - 680 

600 

400 

200 

~ ~....-0"~ 

o' February January 

~ Before (1989) • After (1991) 

Peak demand data normalized for 
temperature difference and degree days 

March 



Indoor Air Quality Results 

The following components were · monitored: 

. . 
1. Indoor room temperature 
2. Relative humidity 
3. Carbon dioxide 
4. Formaldehyde 
5. Radon (basement + ground) 
6. Carbon monoxide 

After Air-Sealing 

slightly increased 
increased · 
slightly increased 
slightly increased 
no change 
slightly increased 

Occupant survey - very few comments 

No appreciable change in indoor air quality after air­
sealing. 
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Potential energy ~nd peak demand savings due to air leakage control in Ontario. 

Total Electric Heated Air Leakage Potential Reductions 
Roor Contribution about 35% sealing 
Area 

% Area Energy Peak Energy Peak (Mnf) mz GWh Demand GWh Demand 
MW MW 

High-rise Residential 76.3 39 29.76 833 545 292 191 

Detached, medium 142 24 34.08 1,091 896 382 314 
rise and row houses 

.. 
Total potential reduction with @ 35% sealing equivalence: jfrl£1tt,{iilllll1Jt: 

Using Building Stock Model - CANADA-II, Prepared by Scanada Consultants Limited for Energy, Mines and . 
Resourc.es Canada, 1990. 



~m!PJ~<emeintat~()in 

• Pre-screening 

• Field assessment, sealing priorities, cost-benefits and a 
work order · · 

• Implementation of air-sealing w9rk 

• Quality control and inspection of air-sealing work 

• Assessment of energy consumption after ALC 

H-~ 
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Cir~~eir~a 

Suggested criteria for air leakage control in electrically 
heated high-rise buildings: 

• building has eight or more storeys 

• no major renovations to building envelope 

• meets criteria for indoor air quality 

• owners are willing to participate 
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• Training: 
assessors 

~~~lUle~ 

air-sealing contractors 

• Quality control . 

• Veriflcation of · assessment procedure for a large 
number of buildings 

• Program evaluation 
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CO!ril(C~lUJ~~Oli11~ 

.• A high-rise air leakage assessment procedure has been 
developed and shown to be useful in predicting the 
effects of air ·leakage control retrofits and in 
priorizing and guiding their implementation. 

• Air leakage control offers. the potential to reduce 
the winter on-peak dem~nd by 4 to 10 W /m2 of 
floo.r space - with a mean value of 6 W/m2. 

• Air-sealing of the building had no negative impact on 
indoor air quality and human comfort. 

. . 

• The total cost of air-sealing may vary from $650 to 
$900 depending on air-seali~g priorities. 

• Sealing of shafts is the most cost effective retrofit. 
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f UJwt~eir !Deve~opmelri1t 

• Development of a user-friendly computer program 
of air leakage assessment procedure 

• Training modules for assessors and air-sealing 
contractors - manuals ·and videos 

• Monitoring of 10 to 15 more buildings across Ontario 
to verify and raise confidence in assessment procedure 

• Study of reiiability and maintainability of air-sealing 
products and · appli~ations 

• Design guidelines for ne~ high-rise buildings 



SYNOPSIS 

Air infiltration and ventilation has a profound influence on both the internal environment 
and on the energy needs of buildings. In most electrically heated high-rise residential 
buildings, in cold climates, during the peak winter conditions (below -18 deg C ambient 
temperature and above 15 km/hour wind velocity), the air infiltration component 
contributes to heating load by 1 Oto 18 W/m2 

- roughly 25 to 35% of peak heating demand. 
Any reduction in such uncontrolled air infiltration, without sacrificing indoor air quality, will 
have potential to reduce the peak heating demand. To evaluate the effectiveness of air­
sealing measure, the air leakage rates through the building envelope were measured both 
before and after the air-sealing using the large vane-axial fan. Several air quality 
measurements (indoor temperatures, relative humidity, C02 , formaldehyde, radon gas) 
were taken in each building to assess the practical implications of air sealing on the 
indoor air quality and thermal comfort. · 

The whole building airtightness tests showed that the air .. ~ealing of the building envelope 
reduced the air leakage rate by 32% in one building and 38% in other. Energy monitoring 
for two buildings showed the reduction In heating demand by approximately 6 W/m2 of 
floor space .... 12 to 15% due to air leakage control. Indoor air quality tests showed that 
the.air sealing had no negative impact on the general conditions of comfort and air quality 
In both buildings. The field implementation of air leakage control has helped to remove 
some of the uncertainties and shown the potentials for conservation are indeed 
considerable. This paper presents the field tests and results, and suggest a procedure 
for the use by air-sealing practitioners to evaluate different air-sealing strategies. 
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~Scanada POWER AND ENERGY SAVINGS THROUGH 
AIR LEAKAGE CONTROL IN HIGH·RISE BUILDINGS 

Energy audits and assessments of four high-rise residential buildings in Ontario showed that the peak 
space heating demand varies from 35 to 65 W /m2 of floor space. During peak winter conditions, the air 
leakage component contributes to the heating load by 10 to 18 W/m1 

- roughly 2S to 35% of the peak 
heating demand. The control of air leakage has become recognized as a key clement in achieving energy 
conservation. Concerned especially with reducing peak power demand, Ontario Hydro is exploring air 
leakage control of high-rise buildings as a component of its DSM strategy. 

This project was initiated ·in July 1990 by Scanada Consultants Limited of Ottawa and CanAm Building 
Envelope Specialists Inc. of Mississauga. Objectives were to develop an air leakage assessment procedure 
and to demonstrate and test the impact of air leakage control measures in the field. 

The project aecomplishcd the following: (i) it developed and validated the field procedures necessary to 
identify and assess the air leakage rate in buildings of eight storeys and higher; (ii) it established a 
procedure to evaluate the various air leakage control strategics hi terms of their potential cost benefits; 
and (iii) it demonstrated air leakage control hi two high-rise residential buildings and its resulting impact 
on peak power demand. energy consumption, hidoor air quality, and of course airtightness. 1\vo more 
case studies of high-rise buildings were added to show the implementation of the assessment procedure. 

The simplified air leakage estimation procedure is based on equivalent air leakage area and local net 
pressure distribution. The air leakage rate at a given location depends on the driving forces (stack. wind 
and mechanical ventilation) and the characteristics of the opening in the building envelope. A simplified 
network of air-flow paths can be established using the following information: climate and exposure, 
building types, building form, building dimensions, surface to volume ratios, shafts, envelope types, 
windows and doors, envelope crack lengths. openings. and make-up air strategics. The algebraic sum of 
air-flow through these paths must always be equal to zero. By applyhig the mass balance equation, the 
component of air infiltration which would occur during the peak winter condition can be determined. 
This air-flow rate is responsible for the space heating load due to uncontrolled infiltration. Any reduction 
in this infiltration flow should decrease the heating requirements for the building. The procedure has 
been simplified and developed hito a practical application tool which will be utilized by assessors and air 
leakage control contractors. The procedure has been assembled hi the following parts and a manual was 
prepared to guide an assessor through the assessment procedure. 

Part A. Identification and Pre-Screening of a Building 
Part B. Building Audit and Field Inspection 
Part C. Estimation of the Uncontrolled Air Leakage Component 
Part D. Determination of Air Scaling Priorities 
Part E. Development of Work Plan for Air Scaling of the Building. 
Part P. Quality Control and Assessment of Air Leakage Control Retrofits 

The field results in two high-rise buildings can be summarized as follows: (i) the air leakage control 
offered a· reduction in peak space heating demand of 4 to 10 W/m2 of floor space depending on the 
location and building characteristics •• i.e., 11 to 16% of total electric demand in these buildings; (ii) the 
air leakage assessment procedure was found to be .reliable within 5 to 10% hi predicting the potential 
reduction in peak heating demand; (iii) the indoor air quality tests performed before and 
after the air scaling showed that there was no negative impact on the general conditions of comfort and 

air quality in both buildings (in fact, the sealing of unneccuary air leaks enhances the control of air supply 
and reduces wastage); and (iv) the cost of air sealing per kW of demand savings varied &om $650 to $900. 
While first developed to assess winter heating demands, the procedure is being extended to assess the 
peak reductions in summer cooling loads as well. 


