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lntroduction:

Energy efficiency is regarded as an attractive' short- and medium-term

strategy to address cliniate change and other environmental impacts from

the use of conventional fuels. For example, in order to stabilize CO2

emissions in year 2OOO at current levels, up to 75"/. of the reductions may

need to be derived f rom energy efficiency (1'2).

Although the causes of indoor environment problems are broad and

complex, they are often blamed on energy conservation even though energy

efficiency (EE) technologies can often be solutions to problems. This link

threatens to limit EE opportunities and may even result in increased

energy consumption as owners and companies try to solve problems

through increased ventilation.

Concerns about indoor air quality have already resulted in the development

of new ventilation standards with higher rates of ventilation. The revised

ASHRAE ventilation standard (3) will triple the minimum ventilation rates

in offices. This could increase overall HVAC loads by 5'20o/" in the absence

of additionat EE measures (4). A similar situation exists for new housing

where a proposal to reference CSA Standard F326 (5) in the National

Buildihg Code could result in increased energy consumption in the absence

of additíonal EE measures. Since the population appears to be becoming

more sensitive to contaminants, additional demands for better indoor and

outdoor environments could result in further increases in energy

consumption.

ln door Env ironme nt lss ues:

To assure a satisfactory indoor environment, a building must have proper

space layout, thermal comfort, high acoustical/noise performance, good

indoor air quality and high visual/lighting quality. A total indoor

environment approach is required. lndoor air quality (lAA) is the highest

priority but it is not the only issue.
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Sources of potentially harmful air pollutants inclucje heating and cooling
systems, combustion' appliances, personal use products, furnishings of all
types, tobacco products, outside pollutants and soil gases, creaning and
maintenance products and bioefftuent from Ìrumans and animals. MicrobÍal
contamination such as toxins from nlould is a growing concern as well as
volatile organic compounds (vocs). Generally these problems can be
managed by removing or controlling harmful sources; ventilaiing with
fresh airi controlling building pressure differentials; qnd, filtering air to
remove substances.

Many problems are línked to poor vent¡lation system design, operation and
maintenance. These include: poor air circulation and distribution;
inadequate outdoor air sr.rpply; ieakage of humid air into walls antj
ceilings; poor temperature or hurniciity control; spillage ol combustion
gases into buildings; outdoor contamination from the reentry of building
exhaust and motor vehicle exhaust from garages and loading docks;
chemical contarni¡ration îront copy machines, tobacco smoke and buildings
materials; and, biological contamirration from poor maintenance, dirty
filters, malfunctionrng humidifiers and excess moisture.

Thet'efore, good intJOor environrnents are depenoent on adoressing the
interaction of many systems within buildings, rherr operation and
maintenance. lgnoring or neglecting these interactions can result in
uncomfortable space conditions and occupant complaints. This requires a
multi-disciplinary apprclach involving researchers, engineers, designers
and occupants yet the building industry is structured with a high degree ofspecialization. , I

IAQ Related programs:

Since 1980, ventilation and indoor air quality have been priorities for:
federal agerrcies such as Energy, MÍnes and Resources canada (ErylR),
Canada MortgaEe and l{ousing Corporation (CMHC), the National Research
Council (NRC) and Public Works Canada (PWC); provincial ministries of
energy and housing; utilities; and, irrdustry organizations such as the
Canadian Home Builders' Association (CHBA). A wide range of activities
have been undertaken in areas such as ai¡' infíltration and exfiltration,
ventilation, combustion spillage and indoor air quality.
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The R-2000 Home Program is one of the best examples of how energy

efficiency through controlling air infiltration can be achieved while
maintaining good indoor air quality. Establishecl in 1982 by EMR in
cooperat¡on with CHBA, the goal of the program is to construct safe,

comfortable and affordable energy-efficient houses with indoor
environments that were comparable or superior to those found in

conventional houses.

R-2000 l'¡ouses must have continuously operating mechanical ventilatíon
systems that distribute outside air to all habitable rooms and exhaust air

from high pollutant sources such as kitchens and bathrooms. The houses

must have an airtightness level under 1.5 ACH at 50 Pascals. Houses must

be built by builders who have attended special training course-Q. Naturally
aspirating combustion appliances are not allowed in R-2000 hornes dt¡e to
the possibility of venting failure.

The program's IAQ related aciivities involve a wide range of activities
including technology development, standards development, industry
training programs and consumer awareness. The program deals with
qualiiy assurance issues and implemented an extensive monitoring
program (6). The program did not function in a vactrum, other groups and

agencies worked with and complemented the effods of the R-2000

Program.

The Flair Homes Project is one notable example involving twenty R-2000

homes of similar design which that used using Cifferent techniques to

achieve energy-etficier.cy and conrfortable environments with good air

quality (7).

The Advancecl Houses Prograrn is part of the federal government's

commitment to the environment under the Green Þlan (8). ln cooperation
with CHBA and çrrivate/public sector sponsors, the program promotes

innovatiorì â¡'ìd advances the state of the art of residential hottsing in

Canada tnrouç¡h the construction, Cemonstration and monitoring of ten
Advanced Houses across Canada. Successful new concepts will t'e
considered tor integration in an updated R-2000 technical stancJard

4
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Advanced Houses are being built to stringent technical requirements (g).
They should use 25% or less of the enerqy consurned by conventionally
built homes for space heating and cooling, domestic water heating,
appliances and lighting, and outcjoor electric usage. AdvanceC Houses must
meet stiff guidelines for indoor air quality, noise levels, and humidity.
They must also meet tough new environmental requirements for water
usage (50% reduction), recycling, the use of recycled materials, and ,

provide a construction waste management plan.

C-2000 Advanced Commercial Buildings prooram (10) is a nevr pilot
program to encourage the construction of a smal! number of very
high-performance comnrei'cial buildings. The program, being developed by
CANMET (Canada Centre for Mineral and Energy Technology), is also paft of
canada's Green Plan activities, lt will provide an opportunity for
innovative architects, engineers, contractors and developers to play a
major role in the development of high-performance buildings that wil!
influence the next generation of commercial builclings.

c-200a is more than an energy efficrency program: it r¡¡ill demand
exceptional indoor environment for occupants, higl" levels of functíonal
performance and minimal adverse environmental impacts over the life of
commercial buildings. This whole-building performance approach is based
on CANMET's experience that energy and environmental agenda can be most
effectí'uely adopted by the industry if an integrated systems approach is
taken.

A relativeiy unique aspect of the program is that the hígh level of
performance will have to be maintained over the life of the building. On-
going monitoring rvlll frnsrrre that pedorrnance levels are beinq rnaintained
in buildings that wish tcl 'etain their C-2000 status. The developnnent of
manaEement plans, the training of bi¡ilding operators and the long-term
participation of tenants in the operation of buildings will therefore be
important features of C-2000 projects.

The initial approach ¡s to focus on offíce and multi-unit resiJential
buildings of less than 150,000 square feel but in recent cllscussions with
a nationa? fast'fooj chain ancl with a nat.ona! retail chain inCicate that
pilot projects fcr these building types offers great potentia'and,,ve are
now considering the inclusion of these buildinq ,lypes in the pr-ogram,

524



CMI1C has also been very active (11) and recently initiated a Healthy

Buildings Design Comperition (12) to provide a vision of sustainable
housing that takes into account environmental, economic and social

di¡nensions v/nere "heaithy housinE" refers to housing wlrich is healthy

both for the occupants and for the giobal envirollmerrt.

The clesign cornpetition strives to aCdress a wide range of issues including

healthy indoor environments lrrnproved lAQ, lighting, acoustics and spatial

aesthetics); optimum use of interior space & building sites, reduced

operating, peak and embodio'd energy; reduced ivater consumption, use of

environmentaily benign nrateriais; and, reciuced construction and dornestic

waste. A range of approaches are being investigated fclr urban and

suburban situatic¡rrs; new, infitl anC retroiitted hornes; and, single and

multiple dwelllngs.

Various federal governinent agencicc have also beerl active in IAQ and

ventilation R&D activities fur¡ded by tire Partel on Energy R&D (13).

Activities include ventilat¡on standards, spillage from combustion
appliances, emlssions frorn materi¿tls and pl'edíctions of indoor exposure,

and iloisture and ventilation assessment procedures have alsc been

developed to iderrtify potential prob,lems when houses are being

retrofitted (14).

Activities also inclutle part¡cipatiûn irl lnte¡'rrational Energy Agenclr (lEA)

activities including the Air lnfiltration and Ventilation Center (Annex 5),

airflow patterns in buildings (Annex 20 & 24), demand controlled

ventilation (Annex 1u) and ntulti-zone airflow modeliir',9 (Anne>: 23)'

Technoiogy trarrsfer activities itave Þeen wide ratrglr'g inclltcjing support

the development oÍ trainirig manuals for inCustry(ref), conferences arrd

seminars (lridoor Air 90, hlA'io F'ilot Study on lndclor Air Quality and the

sth lnternatiortal Jacques Cartier Collference.

Conclusions:

Current energy-effioency progrâms place great irnportance en providirtg

an excellent indoor environrrreñt. Programs l¡âVê not orìly focused on

research but field trials, star,darcis developmei':t, tecnnology transfer to

industry and consumer infcrmaticn. t
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This work has led to significant changes to way buildings are constructed
and operated in Canada. This has resulted in the evolution of low--onergy
buildings that are both energy-efficient and have good indcor air quality.
EE measures must not compromise but enhance the indoor environment,
lndeed, individuals with environmental sensitivities are using R-2000
construction techniques as the basis for the construction of "clean" homes
using low-emission products. , i

The success of prograrns such as R-2000 Homes is due to an orderly
process and integrated set of activ¡ties that respond to a construction
philosophy recognizing buildings as system. lt requires a cooperative,
integrated process of research and development, demonstration and
monitoring, education and regulation initiatives.

A "systems" approach needs to be taken to address the complex
interactions between many different sub-systems and to ensure that
individual measures are not counter-productive and aCdress issues such as
indoor air quality, comfort, security and durability.

Better and more integrated ventilation systems still need to be
incorporated in buildings. A high priority should be placed on developing
those systems that incorporate waste heat recoverV, distribute
ventilation air mor-ô effectively, provide greater occr-rpant control and are
relatively easy to commission and maintain, Future construction will
stress the need to ensure the well-being of occupants.

For CANMET's Buildings Group, the Advanced Houses program and the C-
2000 AdvanceC Cornmercial BuildinEs ProrJram witl be a key focal points
for these activities.
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