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EXECUTIVE SUMMARY

The Manitoba Advanced House is one of ten homes constructed across Canada as
part of the Advanced Houses Program. Its purpose is to demonstrate and evaluate innovative
housing technologies for reducing energy consumption, conserving water, improving indoor
air quality, facilitating home recycling and reducing construction waste. Built in Winnipeg in
1992, the house contains a number of innovative products, systems and design concepts,

- some of which were developed specifically for it. To assess the performance of the
Manitoba Advanced House, an intensive monitoring program was established which tracked
energy usage, water consumption, indoor air quality and numerous other variables.

The results of the monitoring program indicated that the energy consumption of the
Manitoba Advanced House exceeded its original design target. However, following a detailed
analysis of the data, it was concluded that over three-quarters of the predicted
overconsumption was attributable to inherent limitations of the computer software used to
design the house in 1992, The analysis suggested that if current versions of the software
had been available at that time, the house would have been designed in a more energy
efficient manner and lower energy usage would presumably have resulted.

Nonetheless, the analysis clearly showed that the Manitoba Advanced House is an
extremely energy efficient structure. For example, it would only consume 44% to 48% of
the energy of an equivalent, new Manitoba home, or 60% of that of an R-2000 house. It
was also concluded that the energy usage could have been further reduced by: upgrading the
envelope airtightness, simplifying the ventilation system, using windows with insulated
frames, modifying the design of the greywater heat recovery system and switching to
smaller, more efficient electric motors, blowers and water pumps.

Extensive indoor air quality testing demonstrated that the collective impact of the
various indoor air quality control measures used in the house {such as a high quality
mechanical ventilation system, an 85% efficient bag filter and an activated charcoal filter,
sealed combustion appliances and the elimination or containment of various potential
pollutants) was very successful. Measured poliutant levels in the house were well below the
recommended Health and Welfare Canada exposure guidelines as well as being lower than
those measured in comparable, new conventional and R-2000 houses. The measured per
capita water consumption in the Manitoba Advanced House averaged 100 I/dayeperson,
which is well below reported levels for conventional residences, although this was due in part
to the lifestyle of the homeowners who were very conscientious about water usage.

Finally, a large number of observations, experiences and insights gained during the
design, construction and operation of the Manitoba Advanced House were documented.




RESUME

La Maison performante du Manitoba compte parmi les dix maisons construites sur tout le territoire
du Canada dans le cadre du Programme de la maison performante. Ce programme vise a faire la
démonstration et I'évaluation de techniques d’habitation novatrices permettant de diminuer la
consommation énergétique, de faire des économies d’eau potable, d’améliorer la qualité de l'air intérieur,
de favoriser le recyclage domestique et de réduire les déchets de la construction. Construite en 1992
dans la ville de Winnipeg, la maison comprend plusieurs produits, systémes et modéles de conception a la
fine pointe de la technologie, dont certains qui ont été congus spécialement pour ce genre d’habitation.
Dans le but d’évaluer le rendement donné par la Maison performante du Manitoba, on a mis sur pied un
programme intensif de surveillance destiné a faire des relevés de 'usage énergétique, de la
consommation d’eau potable, de la qualité de lair intérieur et de divers autres variables.

Les résultats obtenus a 'aide du programme de surveillance indiquent que la consommation
énergétique de la Maison performante du Manitoba excéde I'objectif original. Toutefois, & la suite d'une
analyse détaillée des données recueillies, on en est venu a la conclusion que plus des trois quarts de la
quantité prévue d’énergie surconsommée étaient attribuables aux limites du logiciel utilisé en 1992 lors
de la conception. Ainsi, si 'on avait pu utiliser & cette époque les versions actuelles du logiciel, il aurait
sans doute été possible de concevoir une maison favorisant davantage l'efficacité énergétique, ce qui
aurait probablement résulté en une utilisation énergétique moindre.

Néanmoins, Fanalyse a clairement démontré que la Maison performante du Manitoba constituait
une structure qui favorisait hautement 'efficacité énergétique. Par exemple, elle ne consommait que 44 a
48 % de I'énergie d'une maison neuve équivalente du Manitoba, ou que 60 % de 'énergie d’'une Maison
R-2000. On a également conclu qu'il aurait été possible de réduire davantage la consommation
énergétique en renforgant I'étanchéité de I'enveloppe, en simplifiant le systéme de ventilation, en
recourant a des fenétres munies de cadres isolés, en modifiant la conception de 'appareil de récupération
de la chaleur a partir des eaux ménagéres et en se tournant vers des appareils électriques plus petits et
plus efficaces dans le cas des moteurs, des ventilateurs soufflants et des pompes a eau.

Une vérification approfondie de la qualité de I'air intérieur a mis en lumiére l'effet fructueux des
mesures combinées de contrdle de cette qualité qui ont pris la forme d'un systéme mécanique de
ventilation de grande qualité, d’'un dépoussiéreur a sacs filtrants et d'un filtre & charbon actif efficaces & 85
%, d'appareils hermétiques a combustion, ainsi que de I'élimination ou du confinement des divers
polluants possibles. Les niveaux de pollution mesurés étaient bien en deca de ceux recommandés par
Santé Canada dans les lignes directrices relatives aux niveaux acceptables d’exposition. De méme, ils
étaient inférieurs a ceux rencontrés dans les maisons neuves ou les Maisons R-2000 comparables. La
consommation d’eau potable par personne évaluée dans la Maison performante du Manitoba atteignait
une moyenne de 100 Vjour-personne, un niveau bien moins élevé que ceux rapportés dans les maisons
classiques, bien que ce résultat soit attribuable en partie au style de vie des propriétaires de la maison qui
prenaient grand soin de leur consommation d’'eau.

En dernier lieu, on a pu documenter une grande partie des observations, des expériences et des

constatations faites lors de la conception, de la construction et du fonctionnement de la Maison
performante du Manitoba.
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SECTION 1
THE MANITOBA ADVANCED HOUSE

1.1 INTRODUCTION

The Manitoba Advanced House is one of ten houses constructed across Canada as
part of the Advanced Houses Program. lIts purpose is to demonstrate and evaluate various
. innovative housing technologies for reducing energy consumption, conserving water,
improving indoor air quality, facilitating home recycling and reducing construction waste.

Design of the Manitoba Advanced House began in late 1991 and construction
commenced the following spring. The final components and systems were installed in 1994
after which the house was sold and eventually occupied in July, 1994. To evaluate the
performance of the home, an intensive monitoring program was put into place in the summer
of 1994 and maintained until the fall of 1995.

1.2 CONTENTS OF THIS REPORT

| The primary purpose of this report is to document the findings of the monitoring
program created for the Manitoba Advanced House. However, it also contains extensive
information, analysis and insights which were generated from other elements of the project.
It also contains additional background information on the design and construction of the
house as well as some general technical comments on Advanced Houses. Finally, it provi'des
brief summaries of a few non-monitoring aspects of the project, such as the technology

transfer program which has successfully passed on many of the lessons learned to both
industry and consumers.

As much as possible, this report has been written to provide useful information to the
reader which can, it is hoped, be applied to other houses regardless of whether they are
conventional, R-2000 or Advanced Houses. The reader will notice that this report focuses on
information and knowledge, rather than on the presentation of raw data. Interpretation of
the monitoring data has been maximized so as to provide a concise summary of what was
learned from the design, construction and operation of the home.

Since new and innovative technologies were extensively employed in the Advanced
Houses Program, many of the products and systems used were not readily available through
normal commercial channels. As such, their costs were often radically different from what
might be expected if they were more widely available. For this reason, cost was not a
dominant factor in the selection or rejection of candidate technologies. As a result,
determination of the costs and the cost-effectiveness of the various technologies is not a
major focus of this report.




The intended audiences for this report includes house designers, conservation program
officials, software developers, equipment and product manufacturers, utility representatives
and researchers.

1.3 BACKGROUND
1.3.1 The CANMET Advanced Houses Competition

The Advanced Houses Program was conceived by the Canadian Centre for Mineral
and Energy Technology (CANMET), the research and development arm of Energy, Mines and
Resources Canada (now Natural Resources Canada). Its objectives were to demonstrate and
evaluate technologies to reduce energy consumption and minimize the environmental impact
of new housing by fostering research and development of innovative building products,
technologies and techniques; testing innovative products and systems in regional field trials
conducted in Advanced Houses across the country; and encouraging adoption of successful
products and concepts by the residential construction industry.

A unique feature of the Advanced Houses Program was that it was structured as a
design competition and carried out in two stages. The first stage, announced in 1991,
invited proposals from builders, developers, design teams, etc. to prepare a conceptual house
design capable of meeting a detailed set of technical requirements for energy, indoor air
quality, water conservation, recycling, etc. From the approximately 40 original entries, a
total of 16 entries were selected to prepare detailed proposals under the second stage.
These proposals had to contain detailed descriptions of how the Advanced Houses Technical
Requirements were to be met, computer projections of energy usage, working drawings of
the proposed house, descriptions of how the project was to be managed and all funding
provisions. From this group, ten proposals were ultimately selected for construction. The
winners, selected from across the country, were officially announced in February, 1992.
One of these successful proposals was that prepared by the Manitoba Home Builders’
Association for construction of the "Manitoba Advanced House" in Winnipeg.

1.3.2 Advanced House Design Criteria

All Advanced Houses were required to meet detailed design criteria specified in the
"Advanced Houses Program Technical Requirements"” (Dumont 1992), summarized below:

Energy Performance Target - The total energy consumption target for each house was
calculated on the basis of its size and the severity of the local climate. It was established to
equal about one-half that of the (then) R-2000 target. In addition, specific sub-targets were
created for space heating, space cooling, domestic hot water heating, appliances, lighting

and outdoor electrical usage. These targets and sub-targets are discussed in more detail in
Section 4.




Water Usage Target - The Technical Requirements mandated the use of low-consumption
toilets, showerheads, faucet aerators, clothes-washing machines and water-efficient
landscaping.

Recycling - Each house was required to make provision for composting of kitchen waste and
storage of recyclable products such as paper, metal and glass.

Ecomanagement - Wherever possible, recycled materials were to be used for construction. In
addition, a waste management plan had to be established to reduce the amount of waste

generated during construction of the house. The use of Ecologo products was also
encouraged.

Indoor Environment - Measures had to be incorporated into the house to maintain good air
quality, thermal comfort and control noise which would be produced by the house’s
mechanical equipment.

1.4 DESIGN PHILOSOPHY

Each design team was encouraged to adopt a particular design philosophy which they
felt was most appropriate to their physical environment and the local home-buying market.
In the case of the Manitoba Advanced House, the emphasis was placed on practicality of
components and systems. Essentially, the house was designed as an evolutionary rather
than a revolutionary structure, i.e., one which could maximize the performance of products
and systems which were commercially available while still recognizing the harshness of the
climate and the conservative nature of the local home-buying public. Using this philosophy,

the final design was developed. With only a few, minor exceptions, the completed structure
was the same as that described in the final design.

1.5 DESCRIPTION OF THE MANITOBA ADVANCED HOUSE TEAM

A project of this magnitude obviously requires the dedication and effort of a large
number of people with a wide variety of skills. In this particular case the Project Manager,
the Manitoba Home Builders’ Association, was able to assemble such a team and also draw
on the contributions of many of its member firms.

Project Team
Project Manager: Manitoba Home Builders’ Association.

Responsibilities: Overall project management, coordination, scheduling and financial
control.




Builder: Manitoba Home Builders’ Association.
Responsibilities: Construction and marketing of the home.

Designers, Engineers and Consultants: UNIES Ltd. and Appin Associates Ltd.

Responsibilities: Design of the advanced features, energy analysis and production of
detailed working drawings.

Major Sponsors A
The funding partners for the Manitoba Advanced House were:
Canadian Imperial Bank of Commerce
Centra Gas Manitoba
City of Winnipeg
Environment Canada (Environmental Innovations Program)
Ladco Co. Ltd.
Manitoba Energy & Mines
Manitoba Home Builders’ Association
Manitoba Hydro
Natural Resources Canada

Also, approximately 50 suppliers provided products or services, frequently at a
considerable discount, to the project.

1.6 TECHNOLOGY TRANSFER

In addition to its research and evaluation components, a major objective of the
Advanced Houses Program was to publicize the project and transfer useful and useable
information to consumers, industry groups, government departments, utilities and other
interested parties. In the case of the Manitoba Advanced House, this resulted in a number of
initiatives which began during the construction phase in 1992 and continue to this day. In

most instances, these efforts focused on transferring the lessons learned to the various
audiences.

Seminars - Important lessons from the design and construction of the Manitoba Advanced
House have been incorporated into a number of industry and consumer-directed seminars.
For example, in 1994 Manitoba Hydro and Manitoba Energy and Mines sponsored a series of
nine, four-hour "Energy Saver" seminars around the province which were attended by about
360 people. These discussed all aspects of energy efficiency in new home construction and
included numerous findings from the Manitoba Advanced House. In 1996, Manitoba Energy
and Mines sponsored a similar series of nine province-wide "New Home Workshops" which
drew more extensively on Advanced House materials and were attended by 167 people. In




addition, Advanced House material has been incorporated into the existing "R-2000 Builder’s
Workshop" offered by the Manitoba R-2000 Program and into the "Residential Mechanical
Ventilation Courses” offered by the Heating, Refrigeration and Air-Conditioning Institute of
Canada (HRAIl). Since construction began on the Manitoba Advanced House in 1992, 11
two-day R-2000 Builder's Workshops and two, one-day updates have been delivered in
Manitoba along with about 12 HRAI courses. Average workshop attendance was about 20

. people which means approximately 260 builders and 240 mechanical installers have been
exposed to information from the project. In addition, a handful of speciality seminars have
been delivered to audiences such as the Manitoba Lung Association. Thus, the total number

. of people who have attended these various industry and consumer seminars is well in excess
~ of one thousand.

Tours/Open House - Numerous tours and Open Houses were conducted prior to the house
being sold and occupied. Although a good head count was not maintained, it is
conservatively estimated that well in excess of 3,000 people toured the home. A walk-

through guide was also prepared and distributed to highlight the major features as people
toured the home.

Fact Sheets - A series of 9 detailed fact sheets were prepared by Appin Associates for
general distribution which discussed specific subjects ranging from the building envelope
used in the Manitoba Advanced House to in-home recycling to water conservation. A
complete set of the fact sheets is attached is Appendix A. One thousand copies were

produced and distributed at seminars, by the project partners and through the Manitoba
Energy and Mines Information Centre.

Brochure - A full-colour brochure, also attached in Appendix A was prepared which
summarized the major features of the house. This was given out during house tours, at

various seminars and by the project partners. An estimated 5,000 to 10,000 copies have
been distributed to date.

Articles - A number of newspaper, magazine and trade journal articles have been written
about the Manitoba Advanced House or about specific features of the house. A partial listing
of these inciudes: "Winnipeg Real Estate News" newspaper (three articles), "Specifics"
magazine, "1992 Parade of Homes" magazine, "Manitoba Business" magazine, "Winnipeg

Free Press" newspaper, "Homes and Cottages" magazine, "Popular Science" magazine and
"Fine Homebuilding" magazine.




Video - A 12.5 minute video was produced by Appin Associates which describes the project
and the unique features of the house. One hundred copies were prepared and have been
distributed to the project partners, industry groups and various interested parties.

Television Appearances - Appearances were made by project personnel on four occasions on
public and private television stations in Winnipeg to talk about the project and discuss the
Advanced Houses Program in general.




SECTION 2
DESCRIPTION OF THE HOUSE AND ITS ADVANCED FEATURES

2.1 INTRODUCTION

This Section describes the overall design of the house and provides brief overviews of
its major systems and components. For each of these descriptions, comments are provided
with respect to the technology’s observed performance including recommendations as to
whether it would be used if the house were designed again - in light of the lessons which
have been learned. ‘

It should be appreciated that the recommendations in this Section have been prepared
for houses intended to meet the very rigorous Advanced House Technical Requirements.
They do not necessarily apply to houses intended to meet less ambitious design goals, such
as those used for conventional or R-2000 houses. Also, the recommendations in this report
are directed solely at those technologies used in the Manitoba Advanced House. It is
possible that other products, systems or technologies, not used in this project, might perform
equally well or better. Finally, the recommendations in this Section do not reflect the fact
that some of the design strategies may have indirect economic or environmental benefits
(such as societal or utility savings), which go beyond those experienced by the homeowners.

Mindful of the fact that many of the products and systems used were not readily
commercially available, only the most general comments are offered on the costs or cost-
effectiveness of the design features.

2.2 HOUSE LOCATION AND GENERAL DESIGN

The Manitoba Advanced House was constructed in the Richmond West sub-division of
Winnipeg. Architecturally, it is a two storey, 186 m? (2000 ft?) structure with a two-car
attached garage and is generally similar to other houses in the vicinity. A set of the original
design drawings are available from Natural Resources Canada.

Design of the house’s major energy-related features was carried out with the aid of
the HOT2000 Version 6.02 energy analysis software and the WINDOW Version 3.1 glazing
analysis program. These two software packages were used to perform numerous simulations
both to verify compliance with the house’s energy target and to optimize the design and
prevent over-design.

2.3 CLIMATE
A few words are in order regarding the climate since the house’s energy target was a
function of the severity of the climate and also to give the reader a general sense of local

|




conditions. Winnipeg has a cold, dry climate with relatively severe winters. [t experiences
5889 celsius heating degree days per year (10,679 fahrenheit) and has a 97.5% winter
design temperature of -33 °C (-27 °F). Precipitation averages 53 cm (21") per year and
summer daytime relative humidity levels are typically in the range of 30% to 60%. The
summer dry bulb design temperature is 30 °C (86 °F).

. 2.4 DETAILED HOUSE DESCRIPTION AND COMMENTARY
2.4.1 Building Envelope
The stringency of the Advanced Houses energy target dictated an extremely airtight
_and well-insulated building envelope. Since the design team had many years of successful
experience with this type of construction, it was felt that the performance of the envelope
could be maximized with little technical risk. The major features of the building envelope are
summarized in Table 1 and described in more detail below along with a general evaluation of
their performance and recommendations on their future use. Features which were deemed to
be prototypes in the project are labelled as such.

Wall System (Prototype)

Description and Comments: Since the house was designed as a two-storey structure, a Iarge
percentage of the total envelope area consisted of above-grade walls. Therefore, an
extremely well-insulated wall system was required. After considering conventional, stick-
built double-wall construction, an innovative new system was selected. The exterior walls
are constructed using a factory-built, split-stud system consisting of inner 38x64 (2x3) and
outer, load-bearing 38x89 (2x4) studs connected by thin, metal pins. Plywood is used for
the top and bottom plates and the rough-openings of windows and doors. The total face-to-
face thickness of the studs was 305 mm (12"). Details of the wall construction are shown
on Drawing A12 in Appendix B. Wall insulation consists of the Blown-In-Batt (BIB) system,
using mainly glass fibre insulation - although some cellulose was used in a few locations.
The nominal RS! value of the wall is 8.10 (R-46) with very few thermal bridges. Possibly
because both the wall framing and insulation systems were new to the Manitoba market, a
few minor installation problems were encountered. For example, glass fibre insulation had to
be used in place of the originally intended cellulose fibre because of excessive settling of the
latter in the thick cavities, despite the installer’s use of a maximum density setting on the
blowing equipment. The installer reported that he had never encountered this problem with
walls of lesser thickness. Also, a minor problem was encountered with spillage of insulation
between stud cavities during installation. To permit a sufficient insulation density to be
produced by the blower, the wall system had to be compartmentalized by installing cardboard
strips between the inner and outer studs at each stud location to create separate cavities.
The insulation was then successfully blown into each cavity. No problems with bulging of
the drywall were observed.




Recommendations: Recommended (both the wall framing system and the BIB insulation).
However, further investigation is warranted to determine the cause of the settlement

problems experienced with the cellulose insulation. Also, with an open cavity wall system of

this type, consideration has to be given to containing the insulation during installation if a
blown-in insulation such as glass fibre or cellulose is used.

TABLE 1

SUMMARY OF ENVELOPE CONSTRUCTION

ENVELOPE COMPONENT

DESCRIPTION

Wall construction

Factory-built, split-stud wall system. Blown-In-Batt glass
fibre insulation, nominal RSI 8.10 (R-46). Stucco exterior.

Basement construction

Cast-in-place concrete. Batt and rigid glass fibre insulation.
Nominal above-grade wall RS! 5.64 (R-32), below-grade
wall RS! 7.20 (R-41), slab RSI 1.76 (R-10).

Ceiling construction

Truss roof, blown cellulose insulation, nominal RSt 10.57
(R-60).

Windows Quadruple-glazed with two suspended films, 3 low-E
coatings, insulating spacers and metal-clad wood frames.

Doors Steel insulated doors, inward-opening with exterior
weatherstripping, no storm doors.

Air barrier

EAT (Easy Air Tightness): combination of sealed 6-mil
polyethylene, header wraps, gaskets and urethane foam.

Header sealing method

House wrap sealed to exterior wall polyethylene and to sill
plate.

Cantilever sealing method

House wrap sealed to exterior wall polyethylene and to sill
plate.

Partition wall at ceiling sealing method

Sealed polyethylene.

Window and door rough-opening sealing
method

Urethane foam.

Electrical outlet sealing method

Plastic, airtight, electrical boxes with snap-on covers to seal
to wall polyethylene.

Vapour barrier

6-mil polyethylene.




Foundation System

Description and Comments: The foundation uses a relatively conventional cast-in-place
concrete wall and floor slab, as shown in Drawings A11 to A13 in Appendix B. A
conventional concrete foundation was viewed as important for builder acceptance while the
very high insulation levels provided the thermal performance needed to meet the energy
target. Nominal insulation levels are RSl 5.64 (R-32) interior over the full wall height,

RSI 1.59 (R-8) over the exterior, below-grade portions of the walls and RS! 1.76 (R-10)
underneath the floor slab along with sealed 6 mil polyethylene to control air leakage. The
interior RSl 5.64 (R-32) batts (consisting of RSI 2.11 batts placed vertically in the wood
framing and RSI 3.52 batts placed horizontally between the framing and the foundation wall)
were relatively cheap and easy to install. Thermal bridges were also eliminated. The exterior
insulation system {(extending from the footings to grade) provides a high quality capillary
break with a side benefit of offering extra thermal resistance. In excess of three years have
now elapsed since the house was constructed and the basement has not experienced any
water leaks and the floor slab has remained remarkably crack free. In contrast, conventional
houses in the Winnipeg area frequently leak water and almost always experience slab
cracking, often to a significant degree. The use of underslab insulation has also made the
floor quite comfortable. However, one problem which developed may have been aggravated
by the underslab insulation. The house has proven to be vulnerable to overheating in the
summer (see pg. 18). Since it does not contain a mechanical cooling system, the only
opportunity that would normally exist to cool the house would be to circulate house air
through the basement where it could dissipate some of its heat through the slab. With the
use of underslab’insulation, this opportunity does not exist.

Recommendations: Recommended. However, the use of underslab insulation eliminates the

opportunity for free cooling during the summer using the underlying soil, which may increase
the need for mechanical cooling. '

Airtightness System and Vapour Barrier Protection

Description and Comments: The airtightness system used in the house was termed EAT
(Easy Air Tightness) and consists of a hybrid of sealed, CGSB 51.34 polyethylene over the
walls and ceiling, house wrap air retarder wraps around the floor headers, foamed-in-place
polyurethane in the window and door rough-openings and airtight electrical boxes on exterior
surfaces. The system was selected because it combined the best features of both the
traditional "poly" approach and the ADA system, in terms of performance, cost and ease-of-
use. Overall, the EAT system has worked quite well and was not particularly expensive.
Some problems were experienced maintaining quality control at the sill plate. From an
architectural perspective, the projections for windows, etc. complicated the air barrier
detailing. In retrospect, it probably would have been easier to design the house in a more
box-like fashion and then add the projections outside the air barrier. The biggest problem

10




encountered with the airtightness system was created by the large number of penetrations
through the envelope for the ventilation and make-up air ductwork. These consisted of: a
large fresh air duct supplying the HRV, dryer make-up air and range make-up air (and believed
to be the major problem area), HRV exhaust ducts and the ducts for the three exhaust fans.
The results of the initial airtightness test, conducted prior to installation of the ductwork
penetrations, gave an air change rate at 50 Pascals of 0.78 ac/hry,. After the penetrations

. were installed, this increased to 1.17 ac/hrg,.

Recommendations: Recommended, however the EAT system could be improved somewhat to
reduce costs while still providing comparable performance. Also, some of the ductwork and
resulting penetrations {(such as the large fresh air duct) could have been eliminated or reduced
in size which would further improve performance.

Windows

Description and Comments: The windows were designed specifically for the Manitoba
Advanced House and use quadruple-glazing with three low-E coatings, two suspended films,
krypton-filled spaces, insulated spacer bars and pre-finished, exterior metal-clad wood
frames. They were selected from amongst several competing designs by evaluating their
thermal performance using WINDOW Version 3.1. Maximum thermal resistance and
relatively high solar gains were the desired objectives. After installation, one or two of the
sealed units had to be replaced, otherwise no problems were encountered with the windows.
However, the homeowners (both seniors) reported that the family room and ensuite both felt
cold on occasion during the winter. This may have been partly because both rooms contain
large expanses of glazing, although teething problems with the heat distribution and control
systems may have been contributing factors.

Recommendations: Recommended, although the cost of production windows is unknown.

Doors

Description and Comments: The house uses steel insulated doors, inward-opening with
exterior weatherstripping and no storm doors. Glass inserts in the doors are constructed to
the same standard as the windows described above. Overall the doors have worked well.
However, the front door has experienced some freezing problems in colder weather {-25 °C),
along the exterior weatherstripping, possibly due to the door having been forced at some
point by intruders - which may have damaged the frame. Note that inward-opening doors
can be opened even when snow is piled against the door, however this necessitates locating
the weatherstripping on the cold side of the door which can cause it to lose much of its
flexibility in colder weather. The freezing problem was also aggravated by the house being
occasionally pressurized during the 1994/95 winter by the clothes dryer supply air system
{see pg. 19). The other doors in the house appear to have performed satisfactorily.
Recommendations: Recommended.
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2.4.2 Mechanical Systems

The major features of the space heating, domestic hot water (DHW), ventilation and
heat recovery systems are summarized in Table 2.

Heating System

Description and Comments: The space heating system is integrated with the DHW system
and uses a sealed combustion, natural gas hot water tank as its energy source. Although
numerous high-efficiency natural gas furnaces are commercially available for space heating,
most DHW tanks are low to mid-efficiency devices. Therefore an integrated system was
selected to permit high-efficiency DHW heating. The tank manufacturer’s claimed seasonal
efficiency is 94%. The house is divided into four heating zones, three air and one hydronic.

The three air zones are supplied by a single air handler and each zone has a separate fan coil.

Hot water flow to each zone is controlled by a separate zone thermostat operating an
automatic valve. The single hydronic zone (the hobby room) is individually controlled by an
automatic valve on the hot water line to the baseboard heater. Some problems were
experienced with the hot water tank, although most of these were related to installation
deficiencies, such as incorrect slope on the vent line. Ice build-up underneath the exhaust
outlet occurred in very cold weather which resulted in plugging of the exhaust outlet on
several occasions and automatic shut-down of the tank. Ground clearance is only about

25 cm (12"). After discussions with the manufacturer, a number of changes were made to
the installation in the fall of 1995. These consisted of a) replacement of the original
concentric inlet/exhaust with a separate inlet and exhaust, b) relocation of the air inlet to the
opposite side of the house (to shorten the total length of piping and reduce the overall
pressure drop of the system and prevent excessive cool-down of the exhaust gases),

c) adjustment to the slope of the exhaust line so it drains back to the tank along its entire
length (the 25 cm outdoor portion drained to the exterior) and d) insulation of the outdoor
portion of the exhaust vent. The success of these measures had not been fully evaluated at
the time of writing. Another problem which occurred was that the original condensate drain
line had to be replaced because of corrosion.

The heat distribution system used in the house was judged as too complex from
design, installation and maintenance perspectives. The three air handler zones were included
for experimental purposes. However, this required separate coils, automatic valves, relief
valves, thermostats, water temperature thermometers, ductwork access hatches, etc. for
each zone. During the post-construction review of the house, it was also decided that a
better air handler (fan/motor combination) should have been selected. The existing unit has

proven to be noisier than desired despite the use of duct insulation, vibration isolators and
other noise control measures.
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TABLE 2

SUMMARY OF THE MECHANICAL SYSTEMS

MECHANICAL SYSTEM COMPONENT

DESCRIPTION

Heating system

Sealed combﬂstion, natural gas hot water heater, nominal
efficiency 94 %, supplying heat through three fan coils
and one hydronic baseboard.

Domestic hot water heating

Uses water from the space heating tank; insulating piping
system with timer-controlled circulation pump.

Domestic hot water preheating

Greywater heat recovery system using a custom-built,
prototype double-wall storage/heat transfer tank.

Ventilation system

Heat Recovery Ventilator (80% efficient) and intermittent
use, high-capacity exhaust fans in the bathrooms.

Range exhaust

High-capacity exhaust hood, side curtains, make-up air
blower.

Fireplace

Direct-vent natural gas unit with glow-bar ignition,
approximately 70% efficient.

At the maximum air flow rate, power consumption by the air handler was found to be
excessive (663 Watts), although at reduced flow the power draw was more reasonable
(typically 175 W to 350 W). However, the reduced power consumption was achieved by
lowering the power factor, not dropping the amperage - a point which may be of concern to
electric utilities. The fan energy requirements in the Technical Requirements specify that the
combined electrical power consumption of the warme-air heating and Heat Recovery Ventilator
should not exceed 0.75 Watts per litre per second (Wes/l) of combined flow. In the
Manitoba Advanced House, the corresponding value was 1.21 Wes/l if both devices are
operating at high speed. More energy efficient motors, for both devices, would have been

desirable.

Recommendations: The integrated hot water tank is recommended. However, the required
ground clearance underneath the exhaust vent should be increased to allow more room for
ice build-up. The other modifications to the system, detailed above, are also recommended.
The heat distribution system is not recommended for houses of the size as the Manitoba
Advance House. The house should have been designed as a single air zone. Heat
distribution problems could have been controlled using proper balancing although better
labelling of the balancing dampers and improved homeowners’ instructions may have been
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desirable. The air handler arrangement is not recommended. A quieter, more energy
efficient air handler should have been used (see "Ventilation System (HRV)" below).

Ventilation System (HRV)

Description and Comments: The ventilation system consists of an off-the-shelf Heat Recovery
Ventilator (HRV) plus a number of high-capacity exhaust fans (discussed in "Ventilation

. System (Exhaust Fans)" below). The HRV has a nominal efficiency of about 80% and was
chosen for this reason. An attempt was made to upgrade its performance by using higher
efficiency motor/fan sets, however this could not be orchestrated with the manufacturer.
Based on the monitoring data, most of which for the HRV was collected during the period
from October, 1994 to April, 1995 (i.e., the heating season), the HRV was only operated
22% of the time by the homeowners, or 5.3 hours/day. Their utilization of the system was
highest in the shoulder seasons and lowest during the winter. Overall, the HRV has worked
.very well. However, it was installed somewhat different from that recommended by the
manufacturer. In a conventional installation, the control system draws the supply air from
inside the house when the HRV is in defrost mode, thereby depressurizing the house since
the exhaust air stream is not affected. In the Manitoba Advanced House, a by-pass duct was
added between the exhaust and supply air streams so that during defrost the "indoor" air
drawn in by the supply blower was taken from the exhaust air stream thereby preventing
depressurization of the house. Since defrost mode only represents a small portion of the
total operating time, the energy and air quality implications of this change are minor. Fresh
air for the HRV is supplied through a large common duct which also supplies air for the dryer
heat exchanger and range make-up air. This turned out to be a rather cumbersome
arrangement which has degraded the overall airtightness of the building as the result of
leakage through the ductwork. Further, this ductwork increases the building’s overall thermal
losses since it has a relatively large surface area and is rather poorly insulated with RSl 0.5
(R-3), nominal, compared to the rest of the building envelope. In retrospect, more insulation

should have been used since it essentially is controlling heat loss between the indoor and
outdoor air.

Another limitation of the ventilation system is the excessive amounts of energy
required for air distribution, since the HRV discharges into the heating system ductwork and
requires the air handler to operate for proper distribution. The HRV control system consists
of an on/off switch in the basement, which proved an inconvenient location. High speed/low
speed operation should have been manually controlled. It should be noted that conventional
dehumidistats commonly used to control high speed/low speed operation on HRVs are
regarded by the monitoring team as notoriously inaccurate. The use of a high-efficiency
HRV, rather than a mid-efficiency unit, was regarded as a very cost-effective way to improve
the overall energy performance of the house. Also, the HRV size and the mechanical
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ventilation rate could have been reduced from those specified in CSA F326 given the other
air quality control measures used in the house. However, a more formal procedure for
guantifying these changes needs to be developed.

Recommendations: In géneral, the ventilation system was judged to have worked
satisfactorily, although some opportunities for improvement were identified. For example, an
improved method of distributing ventilation air, so as to use less energy, would be desirable.
Possible solutions include: Electrically Commutated Motors (or equivalent) for the air handler,
use of a dedicated ductwork system for the ventilation air and a simplified distribution
system using inter-zone transfer fans. The HRV control system could also have been
simplified and improved. For example, a centrally located switch or dial, clearly labelled and
incorporating some type of display providing feedback on the ventilation rate would have
been ideal. From a design optimization perspective, the house demonstrated the value of
using high rather than mid-efficiency HRVs, particularly if they can be used in lieu of
envelope upgrades since these are generally much more expensive. Upgrading from a mid to
high-efficiency HRV adds about 20%, or $450 (retail) to the total system cost while
increasing the overall heat recovery from about 60% to near 80%. These advantages are
most pronounced in larger houses since the mechanical ventilation load can represent a larger
portion of the total energy load than in smaller houses. These observations are particularly
relevant for houses built under the R-2000 Program or the National Energy Code for Houses
{NECH). Also, procedures need to be developed to permit reductions in HRV size and
ventilation rate when other indoor air quality control measures are employed. Finally, the
thermal resistance of the HRV duct insulation should have been higher to reduce duct losses
and improve the overall HRV system efficiency.

Ventilation System (Exhaust Fans)

Description and Comments: In addition to the HRV, the house also contains three
intermittent-use exhaust fans as part of the ventilation system. These were installed to
provide high-capacity exhaust capability to the main pollutant-generating zones of the house.
The fans are physically located in the basement to reduce noise in the rooms which they
serve and to ease sealing of the duct penetrations through the envelope (since they are
accessible from grade). The fans draw from the main floor hobby room and the two second
floor bathrooms. Unfortunately, the duct runs for the latter two rooms are absurdly long
because the overall complexity of the mechanical system made it difficult to find a simple
route for the ductwork through partition walls, etc. In retrospect, these two fans should
have been installed so as to exhaust directly through the main walls on the second floor with
the fans and penetration points located either in the floor system (of the second floor) or in
separate duct chases. In retrospect, it also was concluded that intermittent-use bathroom
exhaust fans do not have to be particularly quiet since they provide very effective acoustic
masking of bathroom adventures. Another concern with the exhaust fans is the long-term
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effectiveness of the backdraft dampers. Most dampers used in such applications are rather
crude with unknown performance and life expectancy. Although the design team was not
aware of any detailed performance data, they felt an improved design was probably
warranted.

Recommendations: The exhaust fan arrangement is recommended but with qualifications.
The exhaust fans should have been located in the rooms which they serve and ducted

- directly out through the walls (but not into the attic since it is too vulnerable). An improved
design for residential exhaust dampers may also be needed.

Domestic Hot Water Heating

Description and Comments: A major concern of the design team was to minimize DHW
heating energy since this is one area which has received comparatively limited attention by
most designers of low-energy housing. The DHW system used in the Manitoba Advanced
House is integrated with the space heating system and draws its water directly from the hot
water tank. There is also a DHW circulation loop, with fully insulated water lines (using slip-
on foam sleeves) and a timer-controlled circulation pump. The system has worked very well
to date. The pipe insulation is an inexpensive method of reducing DHW system losses,
particularly because of the continuous circulation feature of the system. If the circulation
system were to be operated continuously, the line losses would be about 2000 kilowatt-
hours per year (kWh/year), although about half of this would occur during the heating season
and hence offset the heating load. As an aside, if the house had been designed as an all-
electric structure, an alternative DHW system using a large, electric tank and off-peak power
would probably have been used.

Recommendations: Recommended.

Greywater Heat Recovery System (Prototype)

Description and Comments: This is one of the prototype systems developed especially for the
Manitoba Advanced House and is described and analyzed in more detail in a separate report
(Proskiw 1995), the major details of which are summarized here. The greywater system was
included to meet the previously-stated objective of minimizing DHW energy consumption. It
recovers energy from waste water which would otherwise be lost and uses it to preheat the
incoming mains water before it reaches the primary DHW heating system. Using data
gathered from field tests performed on the prototype, coupled with an analysis of the
maximum theoretical savings achievable by such systems, a thermal simulation model was
developed which is capable of predicting the performance of greywater systems for various
design configurations and operational conditions. The analysis showed that the maximum
possible savings which could be achieved by an ideal greywater system are a function of the
inlet water and greywater temperatures, DHW tank setpoint, DHW load and tank efficiency.
A general procedure was also developed for estimating the maximum theoretical savings for
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specific applications. Using typical values for the input parameters, the analysis found that
the maximum theoretical savings which a residential greywater heat recovery system could
achieve would be about 50% of a typical family’s annual DHW load. The simulation model
was also used to predict the technically achievable savings from various greywater systems,
i.e., the savings which would result using an actual, rather than ideal, system. Using typical
operating and environmental conditions, the practical performance limit for a greywater
system was found to be about 42% of the annual DHW load. Such a system would be
similar to the prototype used in the Manitoba Advanced House but with increased tank
insulation, reduced greywater mass, increased cold water mass and an increased heat
transfer coefficient between the cold water and greywater. The impact of a number of
design and operational variables was also studied using the model and categorized as having
either a minor or major impact on system performance. Minor variables were found to be:
tank insulation levels {provided a minimum level is used), greywater mass and room
temperature. Major variables were: cold water mass, cold water inlet temperature,
greywater temperature, DHW tank setpoint, AU1 (the overall heat transfer coefficient
between the cold water and the greywater), the greywater and cold water flow rates (acting
together) and the greywater flow rate (acting in isolation). It was also concluded that the
success of a greywater heat recovery system depends as much, or more, on proper selection
of the application as it does on the design of the system. ldeal applications are those which
have large DHW loads and have not, or can not, take advantage of conservation measures
designed to reduce DHW consumption. ,
Recommendations: Recommended. Although this technology is still at a relatively early stage
of development, we believe it has significant potential for wide-scale application. In many

respects its evolutionary state is akin to that which Heat Recovery Ventilators were in 15
years ago. '

BGHRYV (Prototype)

Description and Comments: The Below-Grade Heat Recovery Ventilator is a novel concept
which was included for both research and demonstration purposes. In its most general form,
it uses an exhaust air stream from the house to reduce below-grade foundation losses by
ducting the air into the existing weeping tile system around the perimeter of the structure.
The version installed in the Manitoba Advanced House uses attic air as the energy source
(since all other significant exhaust air streams employ heat recovery) and ducts it into the
sump pit. Since the weeping tiles also enter the sump pit (above the water trap), the heated
air is free to flow around the foundation. Unfortunately, the system is designed to blow attic
air into the weeping tiles whenever the temperature in the attic is sufficiently high (approx.
40 °C), regardless of the season. The system in the Manitoba Advanced House has
experienced problems due to leakage of humid sump air into the attic resulting in significant
attic condensation. This occurred due to the failure of a motorized duct damper in the attic
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to seal properly. Overall, the attempt to use attic air as the source of heat was too
problematic. It was concluded that the best energy source for a BGHRV would be an
exhaust air stream from a conventional exhaust-only ventilation system which does not utilize
heat recovery. Although attic air is available at higher temperatures than exhaust air, this
only occurs for a limited portion of the year. Also, the practical problems of drawing attic air
through the house to the sump pit, and the repercussions of reverse air leakage into the attic,
. make the use of the attic as an energy source unnecessarily risky.

Recommendations: The BGHRV concept is worthy of further investigation, but in more
appropriate applications, such as houses with exhaust-only ventilation without heat recovery.

Natural Gas Range Exhaust and Make-Up Air System

Description and Comments: To demonstrate a method of providing range make-up air in
houses with spillage-susceptible appliances, a dedicated make-up air blower system was
installed. The natural gas range uses a high-capacity exhaust hood, complete with side
curtains to improve capture efficiency. To prevent excessive depressurization of the house, a
make-up air blower complete with electric preheater was installed. Make-up air is ducted to
the back of the refrigerator compartment so waste heat from the refrigerator’s condenser
coils can provide further preheating of the make-up air and aid heat dissipation from the
refrigerator. However, based on our experiences with the house the range make-up air
system cannot be judged a success. The make-up air preheater was very expensive and the
controls are problematic (actually, they are not a problem because the homeowners hardly
ever use the system). The concept of bringing make-up air to the backside of the fridge has
also been very troublesome. The fridge compartment tends to get hot in the summer causing
concern to the homeowners because the fridge runs somewhat longer than it otherwise
would. If used in the winter, the make-up air system causes cold drafts in the kitchen near
the fridge.

Recommendations: The make-up air system originally installed is not recommended because
of the excessive cost, complexity and problems which it created. For other houses,
upgrading spillage susceptible appliances to non-spillage susceptible types, and installing a
good soil gas barrier if needed, would likely be cheaper than providing make-up air. There
would also be significant energy savings.

Cooling System (Prototype)

Description and Comments: As an experiment, the house was designed without a mechanical
cooling system to see if this significant capital cost could be eliminated. Although the house
has a large amount of south-facing glazing, it also makes extensive use of external overhangs
to reduce summer gains. In addition, exterior window shade screens were provided which
block out most of the incident solar radiation when installed. Energy efficient lighting was
also used to reduce the internally generated heat. Despite these measures, the house
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overheated in its first two summers of operation. Basically, once the house got hot, it stayed
hot. Part of the explanation for the overheating problem is believed to be the result of the
very high levels of basement insulation, particularly under the floor slab. In a conventional
house, without underslab insulation, this would constitute a source of coolness which could
be distributed to the rest of the house by the air circulation system. In the Manitoba
Advanced House, the use of RSl 1.76 (R-10) insulation under the entire slab precluded this
option. The addition of a portable dehumidifier in the late summer of 1994 improved comfort
levels somewhat. Nonetheless, a mechanical cooling system will probably be retrofitted into
the house. Alternative, low-energy cooling systems which could have been considered
include a ground-coupled water loop under the basement floor connected to a coil in the
ductwork (although the extra fan energy would have to be considered) or a heat pump DHW
preheater which uses indoor air as a source of energy for domestic hot water heating.
Recommendations: Overheating has proven to be a major problem. Some form of active
_cooling system would be considered for future houses built in this fashion.

Dryer Heat Exchanger

Description and Comments: To recover some of the energy used by the clothes dryer, a
commercial-grade, stainless steel heat exchanger was installed on the dryer outlet which
preheats the incoming make-up air using the dryer’s exhaust air. Unfortunately, the system
has proved to be expensive to construct and has suffered numerous teething problems such
as cold drafts, noise, etc. Maintenance of the heat exchanger (to remove lint from the heat
exchanger surface) has been difficult at best and the physical space taken up by the unit and
associated ducting is considerable. Give the modest energy requirements of the dryer, the
whole systenﬁ is now regarded as unnecessary.

Recommendations: Not recommended.

Fireplace

Description and Comments: The fireplace selected for the house is a direct-vent, natural gas
unit with a glow-bar ignition system and a claimed efficiency of 70%. Although this is lower
than the efficiency of the heating system, market forces dictated that a fireplace had to be
included in the house. An analysis was carried out during the design phase to estimate the
energy impact of a standing pilot versus a glow-bar ignition. This showed that the energy
consumption of a standing pilot was of the same relative magnitude as the total heating load
of the house! Hence the decision to use a glow-bar. Another concern with the fireplace is
air leakage. After installation, the unit was checked during the routine airtightness test and
no significant leakage could be detected. However, the homeowners have reported some
comfort problems neér the fireplace which they attribute to air leakage even though they
subsequently sealed the air intake/exhaust vent. Some small holes were also sealed in an
attempt to alleviate the problem. It is now believed that the fireplace creates a cool zone
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in the room during the winter because the inner glass surface of the fireplace becomes quite
cold and creates a radiation sink. Outdoor air circulates by thermosyphon action through the
air inlet into the combustion chamber and out through the air exhaust loop even when the
unit is not in operation. This keeps the glass surface relatively cold.

Recommendations: Further study of direct-vent fireplaces is recommended to identify their
impact on comfort levels as the resuit of radiation from the house interior to the cold surface
.. of the glass. Also, it might be appropriate for the standards body responsible for fireplaces
to consider including performance tests on air leakage as part of their test procedure. Finally,
glow-bar ignition systems are strongly recommended over standing pilot units.

2.4.3 Lighting and Eiectrical System

The overall installed lighting levels in the house were about one-third higher than
suggested in the Commentary of the Advanced Houses Technical Requirements: 10.6 Watts
per square metre (W/m?) vs. the recommended 8 W/m2. However, the average lighting

output was superior to the suggested values: 46 lumens/W vs. the recommended value of
40 lumens/W.

Fluorescent Lighting

Description and Comments: T-8 bulbs with electronic ballasts were used in various locations.
Generally, they have been found to give good colour rendition. However, the homeowners
report some television interference problems in the family room. s
Recommendations: Recommended.

Dimmable Ballasts

Description and Comments: These were used on some of the T-8 fluorescents lights.
However, they were quite expensive, averaging about $200 each vs. $30 to $40 for a
conventional, non-dimming electronic ballast, although current costs are believed to be lower.
Recommendations: Recommended for demonstration purposes only, at these prices.

Compact Fluorescent Lighting

Description and Comments: These were used in the hall and various other locations. They
have worked well although their initial cost is significant.

Recommendations: Recommended for high utilization fixtures.

Halogen Lighting :
Description and Comments: These were used in select fixtures. A 50 W, 2000 hour halogen
bulb with screw base costs approximately $10 (although costs are quite variable) versus 50¢

for a conventional incandescent bulb. They provide good colour rendition and appear well
suited to task lighting.
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Recormmendations: Recommendation for demonstration purposes only, at these prices.

EMF Control Measures

Description and Comments: As an experiment, the house was built with features to reduce
the strength of electromagnetic fields (EMF). The most significant measure consisted of
isolating the houses’s electrical system from the water mains to reduce spurious ground
current flows through the plumbing system. However, tests on the effectiveness of the
system were inconclusive because the background magnetic field strength in the house was

very low. Based on a review of the literature, the concept appears to have merit.
Recommendations: Further study recommended.

2.4.4 Indoor Air Quality Control

Air Filtration

Description and Comments: Controlling concentrations of airborne particulates was seen as a
goal which could be relatively easily attained by applying commercial/industrial technology to
a residential application. The air handling system contains an 85% efficient bag filter (based
on particulate removal capability), suspended vertically along with a 26 mm (1") thick pre-
filter. The bag filter would probably represent overkill for most consumers since it is quite
large and has a high pressure drop which imposes a significant energy penalty on the air
handler. The vertical installation which was used complicated the ductwork although
horizontal installation kits were subsequently found to be available. A less efficient filter, say
a 40% to 60% efficient unit, would have simplified the installation and still provided a
quantum leap over a conventional furnace filter which only has an efficiency of about 5%. If
the air handler flow rates could have been reduced, the pressure drop (and hence air handler
energy requirements) would have also declined. The cost of replacement filters is under
$100 and the recommended replacement schedule is once per year which could prove
expensive for many consumers. However, it is worth noting that the measured particulate
levels in the Manitoba Advanced House were quite low suggesting that the bag filter
achieved its objectives (see Section 8). Since a filter essentially converts electricity into
cleaner air, it is probably worthwhile to use an energy efficient furnace motor in conjunction
with high performance filtration because of the filter’s high pressure drop.
Recommendations: Recommended with qualifications. Only homeowners with severe air
quality concerns should need an 85% bag filter. However, many might be able to benefit
from mid-efficiency units (40% to 60%). These are less expensive and easier to incorporate
into the ductwork system but would still represent a major improvement over conventional
furnace filters whose efficiency is only about 5%. Energy efficient furnace motors are also
recommended in conjunction with high performance filters to control energy costs.
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Activated Charcoal Filter

Description and Comments: A 25 mm (1") thick charcoal filter was installed in the air handler
ductwork. Based on comments made during the open house period, potential users need to
understand that charcoal filters remove odours and gaseous chemicals from the air, not dust.
The recommended replacement schedule for the filter is once per year which could be a little
expensive for some consumers.

. Recommendations: Recommended for people with chemical sensitivities.

Hobby Room

Description and Comments: The hobby room was intended to be used for those activities
which might produce unusual levels of pollutants inside the house such as hobbies, smoking
or even functions related to the use of the room as a home office. It is served by an
exhaust-only ventilation system which depressurizes it relative to the rest of the house when
the door to the room is closed. Pollutants produced can therefore be contained within the
room. Pressure differential testing confirmed that the room is depressurized once the door is
closed.

Recommendations: Recommended, the concept is especially useful for people with chemical
sensitivities and in houses which contain both smokers and non-smokers.

Low Emission Finishes

Description and Comments: Because of concerns about particleboard off-gassing, a
waterborne, acrylic, low emission finish ("Crystal Aire") was used on the edges of exposed
particleboard on the kitchen cabinets. This product seals the surfaces and absorbs VOCs
(volatile organic compounds). Application of the product proved to be rather labour intensive
{partially because it was a special order), even under factory conditions. This could probably
be improved upon with more widespread use of the product. The sealer appears to be
working effectively because measured VOC levels are low.

Recommendations. Recommended, with qualifications. Sealers of this type are probably best
suited for problem areas. For complete cabinet/furniture sets, alternate approaches (such as
low emission pressed board products) might be cheaper.

Cabinet Exhaust System

Description and Comments: Since some odour-and-pollutant-generating products generally
have to be kept in the house, one of the kitchen cabinets was equipped with an outlet to the
exhaust side of the HRV. This depressurizes the cabinet space and prevents odours and
pollutants from escaping into the house. Although no testing was done, the concept appears
to be workable. It is suitable for storage bins and cabinets containing potential pollutants

(paints, finishes, etc.), compost pails, etc. Some design guidelines on enclosure tightness are
required.
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Recommendations: Recommended. However, design guidelines need to be established.

Closet Return Air Grilles

Description and Comments: In several rooms, the heating system return air grilles in several
rooms were located in closets so that pollutants emitted by clothes could be removed before
they entered the room. The return air is then circulated through the air filtration system. The
. concept has worked well although grille placement is important. To prevent clothes or dry-
cleaning plastic bags from getting sucked against the grille face, the grilles have to be located
on either the back wall of the closet or on the end wall above the clothes. It also works best
with open shelving such as the metal grille type.

Recommendations: Recommended.

2.4.5 Water Conservation

Low Flow Showerheads

Description and Comments: To reduce both water and DHW energy consumption, various
types of low flow showerheads were used in the house. They appear to be working

satisfactorily, even though their measured flow rates were slightly above that permitted in
the Technical Requirements (see Section 9).
Recommendations: Recommended.

Infrared Faucets

Description and Comments: With these devices, water flow is activated by the presence of
the user’s hand near a sensor on the faucet which automatically turns off the faucet when
the hand is removed. The units are very expensive for a residential application (approx.
$200). They are also rather troublesome when filling containers with water since the sensor
shuts off the faucet because the container is not interpreted as a source of heat. Another

problem is that the faucet sometimes stays on if the sun happens to be shining on the sensor
head.

Recommendations: Not recommended, other than for special needs applications
{e.g., handicapped).

Double-Flush Toilet

Description and Comments: One of the largest consumers of water in a house is a
conventional toilet. Since one of the toilets used in the house was a conventional unit, a
special water-saving kit was retrofitted onto the unit. The kit, which is commercially
available, permits two different volumetric flush rates to be selected by the user, depending
on the need. However, flow rates were measured under both conditions and found to be
very similar: low volume flush rate 15.0 litres (3.3 |.G.) per flush, high volume rate 16.3 |
(3.6 1.G.) per flush. It should be noted though, that the unit installed for the test had been
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adjusted for minimum savings at low flow since the house was expected to be heavily loaded
with people during the demonstration phase.

Recommendations: Recommended, if further testing can demonstrate water savings.

Pressure-Flush Toilets

Description and Comments: These toilets use pressurized water rather than gravity for their
operation. Unfortunately, the units installed in the house proved to be very troublesome.
The high pressure water hose ruptured on two or three occasions, always at the same spot,
resulting in water damage to the house. Presumably a redesign of the faulty component
would solve the problem. The unit is also quite noisy and can be rather startling to the
unsuspecting.

Recommendations: The current design is not recommended. A better alternative might be a
gravity-fed, ultra-low flow toilet. '

Reduced Turf

Description and Comments: Depending on the landscaping plan, grass and plantings can be a
huge consumer of water particularly in semi-arid regions such as the prairies. Indigenous
plants and other ground coverings were used for landscaping with only minimal use of
conventional turf. This has worked very well and the plants appear to be drought resistant.
Visually, the yard stands out relative to others in the neighbourhood which make extensive

use of conventional turf. There is some debate whether this is a positive or negative feature.
Recommendations: Recommended.

2.4.6 Resource Conservation

Stone/Glass Drainage

Description and Comments: To demonstrate a practical application for recycled glass, a
mixture of 30% recycled glass and 70% stone was used in lieu of the conventional pea
gravel beneath the floor slab and for the drain stone over the weeping tiles around the
perimeter of the foundation. Processing of the waste glass was a bit of a problem, although
there was no shortage of waste glass. Otherwise the system worked fine. A sieve analysis
was conducted on a sample of the mixture which showed that it met the requirements in the
National Building Code. Surprisingly, there were no safety or handling problems with the
stone/glass mixture, in fact it could be comfortably handled with bare hands. Any type of
clear or coloured glass can be used.

Recommendations: Recommended. However, some additional research is needed to
determine the appropriate stone/glass ratio; perhaps 100% glass could be used.

Floor Trusses and Beams
Description and Comments: Several measures were taken to reduce the amount of large
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dimensioned lumber normally found in new homes. The main floor uses 305 mm (12") deep
open web floor trusses with a 16 mm (5/8") tongue and groove, exterior-grade plywood sub-
floor. The main floor beam consists of a 2-ply microlaminated built-up wood beam. The
second floor uses 302 mm {11 7/8") deep plywood "I" joists with a 16 mm (5/8") tongue
and groove, exterior-grade plywood sub-floor. These types of floor trusses have the
advantages of being more dimensionally uniform, less susceptible to shrinkage and are more

resource efficient. No problems were encountered during construction or operation.
Recommendations: Recommended.

Recycled Furniture

Description and Comments: As a demonstration, several of the furniture pieces used for
display purposes were recycled, repaired and refinished for the project. It is believed that the
costs were a little expensive; otherwise the recycled furniture worked fine.

Recommendations: Recommended, although the use of recycled furniture is largely a matter
of personal choice.

Cork Flooring

Description and Comments: Cork flooring (a sustainable product), coated with a urethane
finish, was used in the living and family rooms. The cork surface sustained some damage
during the open house phase of the project (when traffic levels were quite high at times) and
seems to be particularly vulnerabie to women’s spike heels.

Recommendations: Recommended for low traffic applications.

Pine Shake Roof
Description and Comments: Pine shakes were used on the house, rather than conventional
petrochemical-based asphalt shingles. To date, no roof leaks or other problems have been

encountered. The roof has experienced at least one torrential downpour, with no problems.
The appearance is very pleasing.

Recommendations: Recommended, although experience is limited to date.

2.4.7 Household Recycling

Multiple-Bin Recycler

Description and Comments: This device, which can be likened to a laundry chute - only for
recyclables, permits products to be transferred from the kitchen directly to storage bins in the
basement. It has a selectable control which allows the user to dial the type of product being
recycled (e.g., glass, aluminum, etc.) so that the chute directs the product into one of four
bins. The device works great, is relatively inexpensive and was extremely popular with
visitors during the open house. The only complaint is that it has to be mounted in the bottom
shelf which requires the user to bend down every time the recycler is used. Also, the benefit
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of a multiple bin selector would be lost if there is no need to sort recyclables (as is the case
for the recycling program which the City of Winnipeg recently introduced).
Recommendations: Recommended, although a re-design of the unit is required so the opening
can be installed at counter level. '

Kitchen Compost Storage

. Description and Comments: To expedite recycling of kitchen waste, this unique design
feature was included. It consists of a pail in a sealed storage bin in the kitchen which is fed
through a hole in the counter-top. The bin is emptied through an access hatch outdoors. The
outside access was a little expensive to construct (since everything had to be hand built) and
caused some nuisance problems during construction. In retrospect, the design should have
used a through-the-counter opening with a clean edge {e.g., commercial kitchen style) with
an indoor access door and storage compartment depressurized by the HRV. The pail could
still be installed tight under the counter with the re-design.

Recommendations: Recommended, but with indoor access provided to empty the compost
pail, and with the storage space depressurized.

2.4.8 Appliances
Natural Gas Range
Description and Comments: The range is a conventional type, i.e., it vents directly into the

living space and does not use a sealed combustion arrangement. No air quality problems
have been observed or reported to date.

Recommendations: Recommended, although further research on range venting is warranted.

Natural Gas Dryer

Description and Comments: A standard natural gas clothes dryer was installed. No problems

were encountered although the dryer heat recovery system, discussed on pg. 19, should
have been eliminated.

Recommendations: Recommended.

Power Indicator

Description and Comments: Research has shown that homeowners can successfully control
their household energy consumption when they receive continuous, real-time feedback on
their energy usage. This novel product displays information on electrical energy usage using
an optical tap which is affixed to the utility power meter. The concept is good, aithough the
product used on the Manitoba Advanced House could be improved. The optical pick-up is
tricky to position and is susceptible to dislodgement from pedestrians. Also, the display is far
too complicated for most people to program and read. A simpler system which provides a
highly visible, qualitative indication of power usage would be preferable.
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Recommendations: Not recommended for general use until an improved and simplified version
is developed.

Natural Gas Refuelling Station

Description and Comments: An electrically driven, natural gas refuelling station, for use with
a natural gas vehicle, was also included in the design. The refuelling station was installed for
- the open house period only and was not used other than for demonstration purposes.
However, this limited experience showed that careful attention has to be paid to code
requirements for installation. The system is intriguing but will require a careful analysis,
particularly of the amount of electrical energy needed to compress the gas since this can be
considerable.

Recommendations: Recommended, with qualifications. Further research and analysis is
required before a more detailed commentary can be provided.
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SECTION 3
CONSTRUCTION OF THE MANITOBA ADVANCED HOUSE

3.1 CONSTRUCTION SCHEDULE

This Section briefly reviews the construction phase of the project. Construction of
the Manitoba Advanced House began in the spring of 1992. Although the house was not
totally finished, it was officially opened on September 11, 1992 and kept available for public

display for approximately six months. Substantial completion of the house did not occur until
about July, 1994.

3.2 DESIGN CHANGES :

A set of the original design drawings are available from Natural Resources Canada. In
general, construction of the house proceeded in accordance with the original design. The
only significant changes between the original design and the finished house were:

o  The original fandscaping design, which used extensive amounts of plantings,

bushes and trees, was greatly simplified to save costs.

o  The exterior water collection system and sump water recycling system were
eliminated to save costs.

o The asphalt shingles, which were originally planned for the entire roof, were
replaced with pine shakes to reduce the use of a non-renewable, oil-based
resource. ,

o  The range make-up air heater, originally intended to use a glycol loop running
through a heat exchanger and drawing heat from the space heating hot water
tank, was replaced with an electric duct heater (to save costs and reduce
complexity).

o The attic exhaust air heat recovery system was grossly simplified, so that rather
than extracting heat from the ‘attic to use in the DHW preheat system, it was
simply ducted into the house’s weeping tiles. This reduced costs and complexity
and only had a minor impact on the overall performance of the DHW preheat
system.

o A few minor interior architectural changes were also made.

3.3 OVERALL COMMENTS ON THE CONSTRUCTION PROCESS

From a technical perspective, the construction schedule was compressed too much in
an effort to meet the official opening date. Although the house was largely (but not
substantially) finished for the opening, the pace of activity, the density of tradesmen in the
house at any given moment during the final few weeks, and the need to make numerous on-

the-spot decisions on complex issues, created problems, extra costs and quality control
implications.

28




It is also felt that extra costs were incurred as the result of the accelerated schedule.
During the construction of a conventional house, the pace of construction can be increased
(to some extent) because all of the required steps are relatively well defined since most
houses differ only in their architectural features. In the case of an Advanced House, which
tends to be much more complex and integrated (such that a decision affecting one part of the
house can have far-reaching consequences), this becomes much more problematic. Many of
. these problems could have been eliminated or somewhat reduced in magnitude if the initial
design could have been tendered to get a more accurate estimate of the total costs, and then
modified as appropriate, before construction began. With the Manitoba Advanced House,
this resulted in increased construction costs, particularly for the mechanical systems.

The mechanical system also used many components designed for the commercial, as
opposed to the residential, market. Commercial-grade products are often much more
expensive than their residential counterparts because they are designed to higher standards
in order to survive the more arduous operating conditions of commercial establishments.
Examples of commercial products which were used inciuded: the dryer heat exchanger, some
of the blower controls, the electric pre-heat coils for the make-up air system, etc.

In addition, any design which incorporates so many unique features is particularly
vulnerable to problems which were not considered or anticipated at the design stage. It
would have been very beneficial to have had the opportunity to "sleep on the design” to
identify opportunities and thereby reduce costs, improve performance, reduce conflicts, etc.
Although a firm figure is not available, it is estimated that the accelerated construction
schedule, coupled with the inability to calmly review the initial design, probably added
significantly to the total cost of the house. Future projects of this sort would benefit greatly
from the availability of extra time at the design stage even though this may create conflicts
with the project’s overall schedule.
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SECTION 4
TECHNICAL COMPLIANCE AND PERFORMANCE PREDICTIONS

4.1 INTRODUCTION

This Section describes the detailed calculation of the energy target for the Manitoba
Advanced House and provides a brief overview of the major technical criteria contained in the
- Advanced Houses Technical Requirements. It also compares the energy target to the
predicted energy consumption calculated during the design phase of the project. Detailed

comparisons between the program targets and the measured performance of the house are
contained in later Sections.

Prior to reviewing this material, some comments are required on the process by which
compliance with the energy target was determined. From a technical perspective, the most
important objective of the Advanced Houses Program was to push the limits of residential
energy efficiency technology by establishing a quantitative energy performance target which
all Advanced Houses had to be designed to meet. The energy target, as defined in the
Technical Requirements, is the sum of six individual sub-targets for: space heating, space
cooling, domestic hot water heating, appliances, lighting and the outdoor electrical loads. It
is calculated based on house size, occupancy, climate and the type of space heating fuel
which is used. This approach is similar, although more comprehensive, to that employed by
the R-2000 Program which uses an energy performance target for the space heating and
domestic hot water loads only. Also, the Advanced Houses energy target is about 50% of
the R-2000 energy target.

4.2 TECHNICAL COMPLIANCE CHECKLIST

Appendix C contains the detailed Technical Compliance Checklist which summarizes
the major features of the Manitoba Advanced House with respect to the Technical
Requirements.

4.3 ENERGY DESIGN AND ANALYSIS SOFTWARE

The Advanced Houses Program required candidate houses to be evaluated using a
suitable energy analysis model, supported as necessary by other software and engineering
calculations. Most design teams, including the Manitoba team, used HOT2000 since it is
used extensively by the R-2000 Program for compliance verification, and has been used in
numerous studies of residential energy performance. HOT2000 was first developed about
ten years ago and has been continuously refined since that time. During the design phase of
the project, the latest edition of the program then available was used - Version 6.02.
However, to perform the analysis described in this report, a more recent edition of HOT2000,
Version 7.10, was employed. This uses some significantly different procedures and
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algorithms to calculate many key components of a house’s energy usage, most notably the

air infiltration/mechanical ventilation model, the thermal bridging of opaque elements and the
DHW load. Ostensibly, the accuracy of Version 7.10 (i.e., its ability to predict energy usage)
is superior to that of Version 6.02. While improved accuracy is highly desirable, it creates a

problem from an analysis perspective because Version 7.10 tends to predict higher energy
usage than Version 6.02.

As a result, a house designed to meet the Advanced Houses energy target, when
analyzed using Version 6.02, would likely not meet the target when analyzed with Version
. 7.10. The effects and implications of this issue will become apparent when they are
discussed in more detail in Section 6.

4.4 ENERGY TARGET AND PREDICTED ENERGY CONSUMPTION

The target and sub-targets for the Manitoba Advanced House are shown in Table 3.
The energy target is a function of climate, specifically the number of heating degree-days.
The predicted total energy consumption estimated using HOT 2000 Version 6.02 with default
weather data, was 17,156 kilowatt-hours, equivalent, per year (kWh./yr). For comparison

purposes, the R-2000 energy target was also calculated for the house and found to be
30,773 kWh_/yr.

TABLE 3
ENERGY TARGETS

ENERGY TARGET PREDICTED ENERGY
(kWh,/yr) CONSUMPTION USING

HOT2000 VERSION

6.02 (kWh,/yr}

Space heating (Qs) 7,303 | . 5,934
Space cooling (Qc¢) o 0
Domestic Hot Water (Qw) 5,520 3,167
Appliances (Qa) 3,838 7,520
Lighting (Ql) 352 352
Outdoor electrical usage (Qo) 183 183
Total 17,196 17,156
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4.5 OTHER ENERGY-RELATED GOALS
Airtightness

The airtightness goals specified in the Technical Requirements were the same as
those of the R-2000 Program: the Normalized Leakage Area (NLA) could not exceed
0.7 cm?/m? or the air change rate at 50 Pascals (Pa) could not exceed 1.5 ac/hryg,.

- Ventilation System
All mechanical ventilation systems had to be designed and installed in accordance

with CSA F326 "Residential Mechanical Ventilation Systems"”. This is the same requirement
used by the R-2000 Program.

Fan Energy

For houses with forced-air heating systems, the electrical power consumption for the
combination of the heating system and HRV could not exceed 0.75 Wes/l of combined air

flow. Higher values (energy use per unit air flow) were permitted for houses without forced-
air systems.

Lighting
Aside from the lighting target, which was calculated on the basis of house volume,
the Technical Requirements also specified that the total installed electrical lighting capacity

could not exceed 8 W/m? and that the average lighting output for all fixtures had to be
greater than 40 lumens/W.

4.6 INDOOR ENVIRONMENT

Another goal of the program was to improve the quality of the indoor environment,
specifically in terms of air quality, thermal comfort and noise. As discussed in Section 2, low
emission products and finishes were to be used wherever possible along with a high quality
ventilation system. Also, every attempt was to be made to meet the "Exposure Guidelines
for Residential Indoor Air Quality" developed by Health and Welfare Canada. Results of the
indoor air quality testing are discussed in Section 8.

4,7 WATER CONSUMPTION

The Technical Requirements did not contain an overall, quantified water usage target
for the entire house. Rather, a set of five requirements for fixture water usage, appliance
type and landscaping were specified. The Manitoba Advanced House was designed to
satisfy these criteria. To check the installed performance, water flow rates were measured
after the house had been completed. The results are discussed in Section 9.
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4.8 ENVIRONMENTAL FEATURES

The Technical Requirements specified that provision be made for recycling (compost
as well as household products), recycled materials had to be used in the construction process
wherever possible, construction waste be minimized through a waste control program and

that no insulation products which contained fluorocarbons could be used in the design of the
house.
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SECTION 5
MONITORING PROGRAM

5.1 BACKGROUND

A key aspect of the Manitoba Advanced House project was development of a
detailed, custom-designed, monitoring program to provide feedback on the performance of
- the house relative to its targets, other Advanced Houses and to conventional houses,
particularly those in Manitoba. Monitoring was performed by Proskiw Engineering Ltd. of
Winnipeg, with the assistance of Howell-Mayhew Engineering Ltd. of Edmonton, the National

* Monitoring Coordinator for the Advanced Houses Program, along with SAR Engineering of
Vancouver.

5.2 OBJECTIVES

The primary objectives of the Manitoba Advanced House monitoring program were to:

1. Determine the overall energy consumption of the house and its major
components during a one year monitoring period.

2. Compare the measured energy consumption with the predicted energy usage and
comment upon the differences between the two.

3. Assess the indoor air quality of the structure, relative to objective standards and
other houses.

4. Evaluate the performance of the various prototypes and other unique features
which were incorporated into the house.

5. Provide an overall commentary on the performance of the house and offer
recommendations on how it could be improved in future Advanced Houses.

5.3 DESCRIPTION OF THE MONITORING PROGRAM

The monitoring program consisted of three phases, which extended over both the
occupied and unoccupied periods:

Phase 1. Continuous monitoring, for the entire monitoring period, of several key
variables. _

Phase 2. A series of once-only tests conducted on the various prototypes and
innovative features.

Phase 3. Indoor air quality measurements performed during both the occupied

and unoccupied periods.

The monitoring program employed a system designed to record several dozen key
performance variables using manual meter readings, spot measurements and Sciemetric
Instruments 641 and 321 Data Acquisition Systems (DAS) operating under the control of Co-
Pilot software. Detailed data processing was performed using custom-built EXCEL
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spreadsheets. Variables which were monitored were mainly those associated with energy
usage and included zone temperatures, environmental conditions (solar, temperature, relative
humidity), gas and electricity usage, electrical motor operation, HRV operation, etc. This is

described in more detail in the "Manitoba Advanced House Monitoring Plan", attached in
Appendix D.

Results of the monitoring program are presented in Section 6 (energy performance),
‘Section 7 {once-only tests) and Section 8 (indoor air quality).
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SECTION 6
ENERGY PERFORMANCE

6.1 OVERVIEW

This Section of the report analyzes the measured energy performance of the Manitoba
Advanced House and compares it to both the predicted performance and to the performance
. of conventional and energy efficient (R-2000) houses. The analysis focuses on overall house
- performance, with less of an emphasis on the behaviour of individual components since these
are more strongly influenced by the homeowners’ unique lifestyle. In contrast, the effects of
- occupancy can be accounted for, to some extent, when dealing with the complete house.

Energy consumption was monitored for a one-year period extending from Sept. 1,
1994 to Sept. 1, 1995. During this time the house was occupied by two adults. Weather
during the period was comparatively mild relative to long-term averages, with 5,492 celsius
heating degree-days being encountered, relative to the long-term average of 5,889.

6.2 ANALYSIS PROCEDURE

The energy analysis used a combination of measured energy consumption data and
other related information collected during the monitoring period coupled with a series of
computer simulations performed using HOT2000 version 7.10. The modelling used the
following process. Building data (component areas, construction details, etc.) were entered
into HOT2000 using information collected from the construction drawings and knowledge of
the house. Information on the operational characteristics of the house (i.e., actual weather,
interior temperatures, ventilation system usage, base loads, occupancy, etc.) were then
entered. Table 4 summarizes the data sources for the major input variables.

Once the initial data input had been completed, results of the HOT2000 simulations
were compared to the actual energy usage measured during the monitoring period using data
from the natural gas and electrical meters. The HOT2000 input data was then adjusted to
reconcile the measured and predicted results to achieve an exact match. This process of
reconciling input variables has been successfully used in other studies to evaluate the
performance of many types of houses. Obviously, if the model (consisting of HOT2000 and
the input data) exactly captured reality, then the predicted energy usage would have exactly
equalled the measured usage. This did not occur, nor does it ever occur in exercises of this
type. The major difficulty is deciding which input variable(s) to modify since it is always
possible to force a perfect match using a sufficiently intrusive procedure. However, there
has to be a rationale for modifying the inputs. In other studies in which this approach has
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TABLE 4
SOURCES OF HOT2000 INPUT DATA

COMPONENT SOURCE OF DATA
Envelope areas and RSl values Construction drawings
Window RSI values and shading coefficients Enermodal Engineering (1993)
Envelope airtightness Airtightness test
Interior temperatures - DAS' (continuously monitored)
Outdoor temperature DAS' {continuously monitored)
Solar radiation (horizontal) DAS' {continuously monitored)
Wind Winnipeg International Airport data
Ventilation system air flow rates . DAS' (cohtinuously monitored)
Ventilation system electrical usage DAS' (continuously monitored)
HRV efficéiéncy HVI? test data
Total indoor electrical load House meters
Indoor lighting electrical load " House meters
Indoor appliance electrical load House meters
Outdoor electrical load House meters
Domestic hot water consumption House meters
Greywater system efficiency Predicted using greywater model
Heating system efficiency Manufacturer’s data
DHW system efficiency Manufacturer’s data

Notes:
1. DAS = data acquisition system.
2. HVI = Home Ventilating Institute.

been employed, indoor temperature has been used as the reconciliation variable since it has a

major impact on the space heating load, and is generally poorly defined since explicitly
measured data is seldom available.
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In the case of the Manitoba Advanced House, the interior temperatures were very well
defined since they were continuously monitored at five locations throughout the house.
Likewise, component RSi values, ventilation system usage and many other variables were
known. Considering this, it was decided to use the steady-state efficiency of the space
heating system as the reconciliation variable, since the efficiency of the unit actually installed
in the house had not been explicitly measured.

6.3 MEASURED ENERGY CONSUMPTION

The measured energy consumption of the house was determined using data from the
main utility meters installed on the natural gas and electrical lines, along with supplementary
data provided by the sub-meters installed on various end-use devices. This data is
summarized in Table 5. The total energy consumption of the Manitoba Advanced House
during the monitoring period of Sept. 1, 1994 to Sept. 1, 1995 was 20,463 kWh,/yr (if the
natural gas used to heat the garage is excluded - the heater was installed because the garage
was used as a display area during the open house) or 21,099 kWh_/yr (if the garage heat is
included). The former value was used for the energy analysis because the measured energy
consumption exclusive of the garage heat is considered the more representative way to
express total energy usage. Usage of the garage heater was regarded as a discretionary end-
use dictated by lifestyle, similar to a barbecue for example.

6.4 COMPARISON OF MEASURED AND THE PREDICTED, ACTUAL TOTAL ENERGY USAGE
Using inputs obtained from the sources listed in Table 4 coupled with the actual
occupancy and utilization data, the total energy consumption predicted by HOT2000 Version
7.10 was 20,615 kWh,/yr. This compared very well to the actual measured energy use of
20,463 kWh,/yr. The difference between the two was only 152 kWh,, or 0.7% of the actual

measured energy consumption, indicating that the modelling process had achieved a good
capture of the house.

6.5 COMPARISON BETWEEN MEASURED ENERGY USAGE AND THE ENERGY TARGET

Providing an honest assessment of the house’s energy performance requires far more
than simply comparing the actual, measured consumption with the actual, predicted
consumption. In essence, both of these data points are only applicable to the unique
circumstances generated by the homeowners’ individual lifestyle, the actual weather during
the monitoring period, etc. To provide a more representative assessment, these unique

variables have to be replaced with standardized inputs that are representative of average,
rather than unique, conditions.
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After considering various approaches to this problem, it was decided that the
measured energy usage could best be compared to the energy target using either of two
approaches:

Method 1) Default Energy Target and Default Conditions - With this approach, the
energy target, calculated using default weather, is compared to the predicted energy
consumption of the reconciled house modelled with default weather, occupancy, base
loads, ventilation system utilization, etc. This method of comparison removes the
influence of unique occupancy and weather, and replaces them with more
representative, average behaviour and conditions. The default energy target for the
Manitoba Advanced House was 17,196 kWh;,/y"z'r';" whereas the predicted energy
consumption, using the reconciled house model and default occupancy, base loads,
etc. was 26,222 kWh,/yr, calculated using HOT2000 Version 7.10. Thus, with this

method of comparison, the house’s actual energy consumption exceeded the energy
target by 53%. '

Method 2} Actual Energy Target and Actual Conditions - This approach compares the
energy target, calculated using the target equation and the actual weather during the
monitoring period, to the actual, measured energy usage of the house. It has the
advantage of not requiring any mathematical modelling, and therefore eliminates this-
potential source of error. However, it constitutes somewhat of an "apples and
oranges” comparison since the target implicitly assumes average occupancy patterns,
base loads, ventilation rates, etc. and not the unique ones which actually occurred.
The energy target for the house, calculated using actual weather was

16,710 kWh,/yr, whereas the actual measured consumption was 20,463 kWh,/yr.
Therefore, using this method of comparison, the house’s energy consumption
exceeded the target by 22%.

The different targets and predicted energy uses, calculated using the default and
actual conditions described above, are summarized in Table 6.

Both methods of comparing the energy targets and measured consumption indicate
that the house consumed more energy than anticipated. The different values for the
overconsumption (63% using Method 1 and 22% using Method 2), reflect the influence of
occupant lifestyle. During the monitoring period, the Manitoba Advanced House was
occupied by two adults (vs. the two adults and two children assumed for the default
occupancy) who lived a relatively low-energy lifestyle. Usage of lighting, appliances,
ventilation, etc. were comparatively low. Their residency resulted in energy usage which
was closer to the energy target than would be expected for a more typical family.

40




TABLE 6
SUMMARY OF ENERGY TARGETS AND ENERGY USE

CALCULATED USING CALCULATED USING
DEFAULT CONDITIONS (kWh,/yr} | ACTUAL CONDITIONS (kWh,/yr)

Energy Target 17,196 16,710

Predicted Energy Use 17,156 not calculated
(HOT2000, Version 6.02)

Predicted Energy Use 26,222 20,615
(HOT2000, Version 7.10)

Actual Measured Energy Use 20,463

6.6 PREDICTED ENERGY CONSUMPTION USING DEFAULT INPUTS

Using this logic, it was concluded that the most accurate and representative method
of evaluating the annual, energy consumption of the Manitoba Advanced House was to use
Method 1 - the reconciled house, with the standard input default values specified in the
Advanced Houses Program Technical Requirements, modelled using HOT2000 Version 7.10.
A copy of the HOT2000 output of the final, reconciled design is attached in Appendix E.
This was used for all subsequent analyses.

Figure 1 shows the variation in the gross and net space heating loads during the year
{the net load is defined as the gross load minus the contribution from solar and internal
gains). The energy balance for the space heating load is shown in Fig. 2, while Fig. 3
illustrates the distribution of total energy usage throughout the year. In keeping with the
previous comments, Figs. 1 to 3 use default values for occupancy, temperatures, appliance
usage, ventilation, etc. as well as average weather conditions, thereby removing the
unigueness of the actual occupancy and weather during the monitoring period.

6.7 WHY DID THE ENERGY CONSUMPTION EXCEED THE ENERGY TARGET?

The actual energy consumption of the Manitoba Advanced House not only exceeded
its target, but also the originally predicted energy consumption (by 9,066 kWh,/yr or 53%]).
Why? To answer this question, considerable effort was expended to find the causes of the
overconsumption. Fortunately, the analysis provided considerable insight into the behaviour
of the house and how the performance of future ultra low-energy homes could be improved.
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Fig. 3

Total Energy Consumption
(Using Default Loads, Weather, etc.)
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Table 7 compares the total energy usage predicted using HOT2000 Version 6.02 with
the total energy consumption predicted using HOT2000 Version 7.10 (using the reconciled
house data). This shows that the majdr source of the overconsumption was space heating
{actual/predicted = 2.37) and to a lesser extent DHW heating (actual/predicted = 1.34).

TABLE 7
COMPARISON OF ORIGINALLY PREDICTED AND AS-BUILT ENERGY USAGE

COMPONENT ENERGY USAGE (kWh,/yr) AS-BUILT
ORIGINAL
ORIGINAL DESIGN (USING AS-BUILT HOUSE (USING
HOT2000 VERSION 6.02) HOT2000 VERSION 7.10)
Space heating 5934 14,093 2.37
Domestic hot water heating 3,167 4,248 1.34
Appliances 7,520
Lighting 352 : 7,881 0.98
Outdoor electrical use 183
Total 17,156 26,222 1.63

The combined energy consumption for lighting, appliances and outdoor electrical use
was very similar to the amount assumed in the original design. Examining the data more
closely, lighting consumed 52% more energy than anticipated in the original design while
exterior energy use was almost double that expected. However, appliance use was lower

than anticipated. Measured fan energy usage was also higher than expected, so actual,
estimated values were used for modelling the as-built house.

The space heating load was analyzed in more detail by comparing the gross annual
heat loss of each component (walls, windows, etc.), as originally calculated during the design
phase using HOT2000 Version 6.02, with those predicted using HOT2000 Version 7.10.
‘These results are shown in Table 8. Note that the sum of the gross component heat losses
are different from the values for total energy usage shown in Table 7 because the latter
includes the effects of solar, base load and occupant gains.

Reviewing the ratios of results {as-built/original) in Table 8, two components stand out
as having contributed significantly to the overprediction: ventilation and windows.
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Ventilation - The "ventilation” load in HOT2000 includes both natural air leakage and
mechanical ventilation. By modifying the inputs in the HOT2000 Version 7.10
simulation to produce the same net ventilation load predicted by Version 6.02, it was
determined that ventilation contributed 6,094 kWh,/yr of the 9,066 kWh_/yr
overprediction, or 67.2%. Initially, it had been suspected that this was due to the
slightly poorer-than-anticipated airtightness which was actually achieved. To meet
the energy target, the house had been designed assuming an airtightness of

0.75 ac/hrg,, which is one-half the maximum permitted in the Technical Requirements.
The blower door test conducted just prior to occupancy indicated that the actual
airtightness was 1.17 ac/hrg,. This latter value was input into the Version 7.10
simulation and re-run. This showed that the extra leakiness of the building envelope
was responsible for 1,494 kWh,/yr of the 9,066 kWh_/yr overprediction, or 16.5%.
The remainder of the ventilation overprediction, 4,600 kWh_/yr (50.7% of the total),

TABLE 8
COMPONENT HEAT LOSSES

COMPONENT COMPONENT HEAT LOSS (kWh,/yr} . AS-BUILT
ORIGINAL
ORIGINAL DESIGN (USING | AS-BUILT HOUSE (USING
HOT2000 VERSION 6.02) | HOT2000 VERSION 7.10)
Ceilling 1,617 1,296 0.80
Walls ' 3,178 3,430 1.08
Doors 826 1,022 1.24
Exposed floors 125 125 1.00
Basement walls above grade 338 587 1.74
‘Windows 3,293 4,448 1.35
Upper basement walls 347 354 1.02
Lower basement walls 940 956 1.02
Floor perimeter 1,160 1,092 0.94
Floor centre 1,346 1,307 0.97
Ventilation 3,946 10,568 2.68
Total 17,116 25,185 1.47

45




was attributed to the different algorithms which are used to model ventilation in
HOT2000 Versions 6.02 and 7.10. The former uses the Shaw model while the latter
uses the newer, AIM-2 procedure, which is believed to be more accurate.

Windows - The windows contributed approximately 1,155 kWh,/yr, or 13%, to the
total energy overconsumption. Window performance is determined by the overall
thermal resistance of the unit, its shading coefficient and the air leakage. Values for
the window’s thermal resistance and shading coefficient were originally evaluated
using WINDOW Version 3.1, and the results then used to perform the HOT2000
simulations. Subsequent to completion of the house, more detailed determinations
were performed by Enermodal Engineering Ltd. using VISION3 and FRAME 3.0
(1993). This indicated that the thermal resistance of the windows was somewhat
lower than predicted by WINDOW, possibly because of FRAME’s more rigorous
analysis of the frame geometry. Since the solar gains predicted by the two versions
of HOT2000 were virtually identical, the window's contribution to the total house
energy overprediction was attributed to the lower-than-anticipated thermal resistance.
However, it should be recognized that this resulted from a change in the model used
to predict performance, not that the windows performed poorer.

Other envelope components {such as the basement walls below grade, exterior walls
and the doors) performed slightly poorer than originally predicted, although their collective
impact was relatively minor. Most of this was attributed to the use of actual, rather than
nominal, thermal resistance values in HOT2000 Version 7.10 .

The remaining factor contributing to the energy overconsumption was the domestic
hot water heating system. Reviewing the HOT2000 results, the DHW system was
responsible for 1,081 kWh,/yr, or 12%, of the overconsumption. Two key components
determine the performance of the DHW system: the water heating efficiency and the
recovery efficiency of the greywater system. The latter was analyzed by modelling the
system using the finite difference greywater heat recovery model described in Section 2 with
the default loads assumed for the final HOT2000 Version 7.10 simulation. This showed that
the originally assumed recovery efficiency of 48% (which had been estimated at the design
phase using engineering calculations) was somewhat optimistic. The greywater model
indicated that the actual recovery efficiency would be about 40%. The second contributor to
the overconsumption of DHW was the lower-than-anticipated heating efficiency. The original
HOT2000 Version 6.02 analysis predicted an annual hot water heating efficiency of 94%
whereas the Version 7.10 analysis predicted 84%. It was conciuded that the 12% energy
overprediction attributable to DHW heating could be equally divided between the poorer-than-
expected performance of the greywater system and the lower efficiency of the DHW system.
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Table 9 summarizes the estimated contribution to the energy overprediction of all the
items discussed above. Overconsumptionis defined as the difference between the total
annual energy consumption predicted using HOT2000 Version 7.10 {26,222 kWh,/yr) with

reconciled, default inputs and that predicted by HOT2000 Version 6.02 (17,156 kWh,/yr)
with default inputs.

TABLE 9
SUMMARY OF ENERGY OVERCONSUMPTION

COMPONENT OVERCONSUMPTION
(kWh,/yr)
Ventilation - Higher air change (modelling difference) 4,600 (50.7%)
- Looser building envelope 1,494 (16.5%)
Windows - Lower thermal resistance
{modelling difference)} 1,155 {12.7%)
Miscellaneous envelope components {modelling differences for the
thermal resistance of basement walls above grade, walls, doors, etc.) 735 (8.1%])
DHW - Lower heating system efficiency
(modelling difference) 541 (6.0%)
- Lower greywater system performance 541 (6.0%)
Total 9,066 (100%)

It is apparent that the major reason the energy consumption of the Manitoba
Advanced House was greater than expected was due to differences in how the original house
design was modelled relative to how the final, as-built structure was modelled. Modelling
differences for the ventilation load (50.7%), DHW heating (6.0%), windows (12.7%) and the

miscellaneous envelope components (8.1%) were responsible for 78% of the total
overconsumption.

However, the manner in which these differences manifested themselves in the design
needs to be explained. Part of the intent of the design process was to create a house which
had a predicted energy consumption which met the energy target, but did not significantly
undershootit. HOT2000 Version 6.02 and WINDOW 3.1 were the primary analysis tools
used to determine compliance and they indicated that this goal had been achieved. The final
energy analysis, performed using HOT2000 Version 7.10, VISION3, FRAME 3.0 predicted
that this goal had not been met. Presumably the latter models are more accurate. Aside
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from containing algorithms and procedures which are generally regarded as superior to their
predecessors, they were also able to predict the measured energy consumption of the actual
house with surprising accuracy (0.7% difference). In essence, this means that had HOT2000
Version 7.10, VISION3 and FRAME 3.0 been available during the design phase of the

Manitoba Advanced House, the structure would have been designed in a much more energy
efficient manner than actually occurred.

6.8 COMPARISON BETWEEN THE MANITOBA ADVANCED HOUSE AND CONTEMPORARY
MANITOBA HOUSES '

Once the predicted energy consumption (using actual weather, occupancy, base
loads, etc.) had been reconciled to the measured usage, a series of additional HOT2000
simulations were performed to assess the Manitoba Advanced House relative to newly
constructed, conventional houses in the province and to these same houses upgraded to
various other standards. For the most part, these simulations used default conditions to
represent how the Manitoba Advanced House would perform under typical conditions, as
opposed to the unique conditions of the monitoring period. The results are summarized in

Table 10 and Fig. 4 using a variety of Energy Use Indices (EUI) which factor out the influence
of weather, house size and occupancy.

Data for the newly constructed houses was obtained from two recently completed
studies in which audits, airtightness tests, detailed occupancy surveys, etc. were performed
on 23 natural gas-heated houses and 39 all-electric houses in Manitoba (Proskiw 1996,
Proskiw 1994). These houses were selected to provide representative samples of the two
house types. Their predicted energy performance was estimated using an energy bill
reconciliation process similar to that described herein for the Manitoba Advanced House. EUI
values are shown for conventional houses as they are currently built and operated, and {for
the natural gas-heated houses only) these same structures upgraded to the 1995 National
Building Code (NBC), the NECH and the R-2000 standard. These two house samples were
modelled using HOT2000 Version 6.03. This is a special developmental edition of the
program which contains the AIM-2 ventilation model plus other features which were
ultimately incorporated into Version 7.10. HOT2000 Version 6.03 and Version 7.10 tend to
predict total annual energy consumption reasonably closely. It shguld also be noted that
several of the conventional houses used supplemental wood heating - the contribution from
which is not included in the data in Table 10 since only purchased energy is shown.

The results in Table 10 are presented for a variety of ventilation system utilization
rates (VSU). This is defined as the average, annual utilization of the mechanical ventilation
rate. For example, a VSU of 20% would indicate that the ventilation system was operated at
design capacity for 4.8 hours per day (4.8/24). System utilization is a key factor which
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has a significant impact upon both energy usage and energy costs. Typical VSU rates for
conventional houses are generally quite low, around 5% or less, whereas those of R-2000
type houses are much higher. For example, one monitoring study of HRV usage in R-2000
houses in Winnipeg found that HRVs were used an average of 80% of the time (Proskiw
1992a). In the case of the Advanced House Program, a VSU value of 100%, at the installed
flow capacity, was used - even though it is very unlikely that most houses would ever be

- operated at such a high ventilation rate. To provide a more representative description of the
house’s performance, additional simulations were performed of the Manitoba Advanced

House with ventilation system utilization rates of 20%, 50% and 80% (at the installed flow
capacity of 70 I/s).

The results in Table 10 and Fig. 4 show that while the Manitoba Advanced House did
not meet its energy target, its energy consumption was still significantly less than that of
equivalent, conventional or R-2000 houses being built in Manitoba, or to these same houses
upgraded to either the 1995 NBC or NECH.

Manitoba Advanced House relative to conventional houses - Relative to gas-heated
houses currently being constructed in the province, the total purchased energy
consumed by the Manitoba Advanced House, expressed on a size and weather-
normalized basis (Wh,/yrem?eDD), would equal 44% to 48% of that consumed by an
equivalent gas-heated home (depending on the ventilation rate). However, this
represents somewhat of an "apples and oranges" comparison since the VSU of the
conventional houses is very low, and to increase the rate to that of the Manitoba
Advanced House would significantly increase their total energy consumption. The
higher ventilation rate in the Manitoba Advanced House would translate into superior
indoor air quality relative to that in the conventional houses. Energy Use Indices for
the all-electric houses are lower than those of gas-heated houses because of the
100% conversion efficiency of electric heat, the fact that all-electric houses are
generally better insulated and because of the prevalence of wood heating {(most all-
electric houses are in rural areas). Also, it should be recognized that "conventional"”
Manitoba houses are, for the most part, constructed in a reasonably energy efficient
fashion relative to homes in other regions of the country, both in terms of insulation
levels and airtightness. For example, the 1990 cross-country survey of airtightness
showed that Manitoba houses were the most airtight in Canada.

Manitoba Advanced House relative to the 1995 NBC - The only energy-related impact
which the 1995 NBC would have on the design of conventional houses in Manitoba
would be to require a significantly improved mechanical ventilation system,
specifically one which is properly sized and is capable of continuous operation. This
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presumably would resuit in higher mechanical ventilation rates than are currently
being experienced in new homes. However, the degree to which the ventilation rate
would increase is unknown. Since very few natural gas heated homes are equipped
with HRVs, higher ventilation rates would have a major impact on energy usage. |f
comparisons are made at equivalent VSU rates, the total purchased energy consumed
by the Manitoba Advanced House would be 38% to 42% of that of natural gas-
heated homes built to the 1995 NBC.

Manitoba Advanced House relative to the NECH - The NECH requirements for
Manitoba include higher thermal insulation levels and better windows than are
currently being used, an HRV and various other features to limit energy usage. One
effect of the HRV is that much higher mechanical ventilation rates can be
economically sustained, relative to the very low levels now used in conventional
houses. The total purchased energy usage of the Manitoba Advanced House would
be about 53% of that of natural gas-heated homes built to the NECH.

Manitoba Advanced House relative to the R-2000 standard - The R-2000 standard will
usually result in a home which is slightly more energy efficient than that produced by
the NECH. Insulation levels are slightly higher and the house will be more airtight.

The total purchased energy consumed by the Manitoba Advanced House would be
60% of that of natural gas-heated homes built to the R-2000 standard.

6.9 OVERALL PERFORMANCE OF THE HEATING SYSTEM

Neither the steady-state nor seasonal efficiency of the hot water tank were explicitly
measured. The reconciliation exercise {described above) between measured and predicted
energy consumption suggested that the seasonal efficiency was approximately equal to the
manufacturer’s reported value. However, this is an indirect determination of efficiency and
the actual value could be significantly different. A concern which has arisen since
completion of the house is the ability of the tank to operate in a full condensing mode and
hence achieve its rated berformance. Condensing appliances achieve their highest
performance when they are able to lower the products of combustion to sufficiently low
temperatures, about 40 °C to 50 °C (104 °F to 122 °F), that significant condensation
occurs and the latent heat of evaporation is released. In the case of a condensing hot water
tank, when the tank is supplying space heating the temperature of the return water from the
coils can be above this level, thereby limiting the amount of condensation and lowering the
system performance. Similarly, the greywater heat recovery tank would increase the average
temperature of supply water to the hot water tank during the entire year, which might reduce
the tank’s efficiency. The magnitude of these effects is unknown.
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Some additional, qualitative comments on the heating system can also be made.
Temperature levels in the four zones in the house were quite consistent, although the
homeowners did report a cold spot in the family room (likely the result of radiant losses to
the glass face of the fireplace and by air leakage). However, the heating system has
displayed some problems, most notably the vent blockage/appliance shut-down discussed in
Section 2. Also, the plumbing system serving the four zones is far too complex and
. expensivé. In retrospect, the three air zones could have been replaced by a single zone with
an air handler and the single zone served by the hydronic baseboard could have been
provided with an electric baseboard heater. Another improvement which could have been
made would have been to use a smaller, quieter, more efficient air handler. The existing unit
_is excessively noisy and consumes too much energy.

6.10 OVERALL PERFORMANCE OF THE DHW SYSTEM

The HOT2000-predicted, annual efficiency of the DHW system was 84%, somewhat
less than the 95% steady-state efficiency of the hot water heater. This difference was due
to tank losses during the non-heating portion of the year and the thermal losses from the
DHW piping. The greywater heat recovery system, although it did not perform quite as well
as originally anticipated, was judged a success. The finite difference model indicated that
the system is supplying about 40% of the DHW load. However, DHW usage was very low in
the Manitoba Advanced House, so the results may not be indicative of those which would be
experienced in other houses.

6.11 OVERALL PERFORMANCE OF THE VENTILATION SYSTEM

The purpose of the ventilation system is to assist in providing good indoor air quality.
As will be discussed in Section 8, the measured levels of pollutants in the Manitoba
Advanced House were generally quite low, despite an HRV utilization of only 22%. Note

that the homeowners’ usage of the HRV was highest in the shoulder seasons (spring and fall)
and lowest during the winter.

With respect to heat recovery performance, the rated sensible recovery efficiency of
the HRV was 80% at O °C and 77% at -25 °C. The actual measured efficiency of the unit,
using the data collected by the DAS was 81% (based on 250 days of data; Sept. 1/94 to
May 9/95). However, the HRV system efficiency, which includes the effects of losses
between the appliance and the outdoors, was only 60%. This reinforces the importance of
reducing the amount of ducting on the cold side of the HRV and of using high insulation
levels on the ductwork {discussed in Section 2}. Overall, the ventilation system has to be
judged as very successful. However, it could have been improved, and the cost reduced
somewhat, by simplifying parts of the system, most notably the exhaust fans’ ducting, and
by increasing insulation levels on the HRV ductwork.
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6.12 SUMMARY COMMENTS ON ENERGY PERFORMANCE

The most important objective of the Advanced Houses Program was to acquire a
better understanding of how energy efficient houses built to such rigorous standards actually
perform, especially from an energy perspective. The monitoring program and detailed energy
analysis which followed have highlighted some important lessons in this regard. These are
summarized below. In many instances, the knowledge gained applies not only to Advanced

. Houses, but also to those designed to less rigorous standards, such as the R-2000 Standard
or the NECH.

Total Energy Consumption - The monitoring and energy analysis conducted on the Manitoba
Advanced House indicated that it exceeded its energy target by 53%, or 9,066 kWh,/yr,
based on default occupancy patterns, weather and base loads. However, over three-quarters
' (78%) of this overconsumption was due to limitations of the computer software originally
used to design the house in 1992. The current {1996) versions of the software are believed
to be more accurate and, had they been available in 1992, would have resulted in a more
efficient design for the house. Nonetheless, despite the overconsumption, the Manitoba
Advance House is an extremely energy efficient structure which would consume only 44% to

48% of the energy of a conventional new home, or 60% of that of an equivalent R-2000
house.

Ventilation/Infiltration - Ventilation and air infiltration constitute the largest single energy load
in the house, despite having an envelope which was tighter than that required by the
Technical Requirements and the use of a very energy efficient HRV. Based on the final
HOT2000 analysis {using default occupancy, base loads and weather), air infiltration and
mechanical ventilation comprise 29% and 13% respectively of the gross heating load of the
house. To reduce these values, a tighter building envelope and higher HRV system efficiency
would be required. A more realistic airtightness target for future Advanced Houses would be
one-half of that now specified, i.e., 0.75 ac/hry,. This is especially important in two or three
storey houses where the stack effect is larger due to their greater height and in northern
locations where the colder temperatures increase the stack effect because of the larger
indoor-to-outdoor temperature differentials. To improve the ventilation system efficiency,
more effort would have to be devoted to reducing heat loss and air leakage from the HRV
ductwork (see "Mechanical Systems" below) and reducing electrical consumption by
improving the motor/fan efficiency and the duct layout. Also, the mechanical ventilation load
assumes continuous operation of the system. By incorporating air quality control measures
(air filtration, proper materials selection, etc.), much lower ventilation rates could be used
without compromising occupant health.
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Windows - The overall thermal performance of the windows used in the Manitoba Advanced
House is excellent. However, a close examination of their thermal properties suggests
opportunities for improvement. While the thermal resistance of the sealed glass unit is quite
high, the "weak spot" is the frames, which are a conventional wood frame design without
any supplemental insulation. The impact is particularly pronounced in the Manitoba
Advanced House because of its extensive use of small windows in which the frames

. constitute a large percentage of the total window area. Further, casual examination of many
high performance windows now on the market indicates that for many of these, the frames

also are the limiting factor in their design. An important component of any future Advanced
Houses would be windows which have better insulated frames.

Mechanical Systems - The excess complexity of the mechanical systems not only added to
the construction costs, but decreased the house’s energy performance. The complex
ductwork system (particularly the large, fresh air duct supplying the HRV, dryer heat
exchanger and range make-up air, and the BGHRYV duct running from the attic to underneath
the floor slab) degraded the measured airtightness of the house despite attempts to seal the
ductwork. Further, the ductwork increased the overall building’s thermal losses since it had a
relatively large surface area and was rather poorly insulated compared to the rest of the
envelope. In retrospect, the dryer heat exchanger and range make-up air could have been
eliminated which would have permitted a much smaller, more energy efficient ductwork
system. As a general recommendation, future Advanced Houses should be designed with
mechanical systems which are as simple as possible. Further, commercial-grade products
and tradesmen should be used cautiously since they are often much more expensive than
comparable residential-grade products and services.

Domestic Hot Water Heating - More research is needed to find effective means to supply
and/or reduce the DHW load in Advanced Houses. Heating appliance efficiencies are often
lower than anticipated while water conservation strategies can be circumvented by the
homeowner’s lifestyle. One technology which shows considerable promise, is greywater
heat recovery. The system used in the Manitoba Advanced House, although not having the
benefit of design tools which could have improved its performance {and which were
subsequently developed), still provided a significant portion of the annual DHW load.

Electrical Motors - The electrical usage of continuous or quasi continuous-operating motors
should be reduced in future Advanced Houses since this can represent a major energy load.
In the Manitoba Advanced House, the main loads were: the main circulation blower, the
HRV, the space heating circulation pump and the DHW circulation pump. Their total
electrical consumption over the one year monitoring period was 1846 kWh, 300 kWh,

654 kWh and 426 kWh, respectively. Collectively, these four devices consumed 44% of the
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total monitored electrical consumption in the house. Further, this does not include the
electrical consumption, albeit small, of the intermittently used air-handling devices (the three
exhaust fans, range exhaust fan and the range make-up air fan). The main circulation blower
could also have been downsized if a simpler, single-zone ductwork layout had been used
instead of the complex three zone layout.

. Lights and Appliances - Lighting and exterior electricity usage were higher than expected
while appliances usage was lower than anticipated. Overall, energy usage for lighting and
appliances (both interior and exterior) were equal to the amount budgeted in the energy
target. Consumption by the white appliances was generally low, for example the refrigerator
. used 540 kWh/yr whereas comparably sized devices in the EnerGuide Directory consume 500
to 1000 kWh/yr (1995).

Fireplace - Gas consumption by the fireplace was extremely small because it was used very
infrequently and employed a glow-bar ignition system as opposed to a standing pilot.
However, as discussed in Section 2, there appears to be some discomfort created by the

fireplace’s presence in the room as the result of radiation to its cold glass surface plus a
small amount of air leakage.

Cooling - Better design tools are needed to assess the potential for overheating in Advanced
Houses. Overheating has proven to be a problem in the house for a few weeks every
summer, despite the use of solar shade screens. Some form of mechanical cooling system is
definitely required. Unfortunately, existing design tools for estimating the severity of the
overheating problem are not really designed for structures of this type and their accuracy is
guestionable. The annual cooling load would probably be modest but the absence of any
"coolness" within the house (because the basement is so well insulated), dictates the need
for a mechanical cooling system.

Envelope Performance - Other than the components discussed above (airtightness and
windows), the thermal envelope of the Manitoba Advanced House has performed very well.
The exterior wall system, basement insulation system, attic insulation, etc. have, with only
minor exceptions, delivered as promised. Further, increasing insulation levels beyond those
used would produce only marginal benefits but would increase costs significantly.

{
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SECTION 7
ONCE-ONLY TESTS

7.1 INTRODUCTION
As discussed in Section 5, the monitoring program also included a series of "once-
only tests" to investigate the performance of specific components or systems:
Range hood exhaust system

0 Exterior wall wood moisture content
o} Heating system ductwork
o} Hobby room displacement ventilation

7.2 RANGE HOOD EXHAUST SYSTEM TESTS

The Manitoba Advanced House uses a natural gas range which, like most appliances
of this type, vents directly into the interior space. The range’s design is relatively
conventional: four top burners and an oven, all with spark ignition systems. To vent the
products of combustion an overhead range hood is provided which exhausts directly to the
outdoors using a hood-mounted exhaust fan. The venting system is fairly conventional and
the overall range/venting system is similar to those found in thousands of Canadian homes.

A concern with systems of this type is whether the range venting system is capable
of adequately removing the products of combustion with sufficient efficiency that spillage
into the living space would be minimized. In a house with low levels of air leakage, such as
the Manitoba Advanced House, this is particularly important because natural air leakage plays
a minor role in removing contaminants. Excessive depressurization by the venting system
also needs to be considered. In theory, virtually any range venting system can be made to
work if a sufficiently high exhaust flow rate is used. However, as the exhaust rate is
increased the level of depressurization also increases. This raises the possibility of
combustion spillage and backdrafting and accelerates the infiltration of radon and other soil
gases, especially if the range hood operates for extended periods.

Thus, the two fundamental design criteria for residential range hood ventilation
systems are mutually exclusive: a high exhaust capacity so contaminants can be efficiently
captured versus the need to limit exhaust capacity to prevent excessive depressurization. A
preliminary literature review was carried out to explore this subject and it revealed that most
of the focus has been on the first issue, namely how to provide sufficient exhaust capacity.

Unfortunately, little information was found on how to reconcile these two competing design
goals.
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Recognizing this conflict, a series of tests were designed and carried out in the
Manitoba Advanced House to:

1. Explore the performance of a conventional, and an improved, overhead hood
venting system for a natural gas range.

2. Develop a general understanding of the exhaust flow rates needed to vent the
products of combustion for different range operating configurations.

3. Estimate the percentage of new houses which would be exposed to potentially
excessive depressurization by range exhaust systems operating at flow rates
sufficient to remove the products of combustion.

The tests conducted were intended as an /initial exploration only, and not an
exhaustive examination of residential kitchen ventilation. It was hoped they would provide
some insight and provide direction for future research.

7.2.1 Test Method

* The basic issue investigated was whether excessive spillage into the living space
occurred from the range while the exhaust system was operating, in its various
configurations. To study the problem, a novel test method was developed which used a
smoke generator to visualize the heat plume rising up from the range while it was in
operation. The range consisted of four natural gas burners and an oven. The generator
ejected smoke into a cooking pot which was located on a burner, or in the oven (as
appropriate). The smoke plume could then be observed rising from the pot to determine how
effectively it was captured by the range hood. "Excessive spillage” was arbitrarily defined as
having occurred when more than 10% of the smoke plume was not captured by the range
hood and entered the living space. The amount of spillage was determined subjectively by
two observers. A video record was also made of the tests. Tests were conducted in several
configurations: with the smoke generator positioned on the front and back burners, and in
the oven; with various numbers of burners operating; with and without side curtains on the

range; and with the exhaust hood operating at various air flow rates. The results are
summarized below.

7.2.2 Spillage From Front vs. Back Burners

The amount of spillage was significantly reduced when a rear burner was used rather
than a front burner, particularly when side curtains were also in place. With rear burners the
thermal plume was easily captured by the hood whereas with a front burner, a higher
exhaust flow rate was needed to prevent spillage. Part of this is explained by the geometry
of exhaust hoods. The back burners are usually directly underneath the exhaust grille of the
hood whereas the front burners are positioned at the front edge of the hood, or beyond.
Extending the hood further out would create an obstruction, while raising the hood (to
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remove the obstacle) would reduce its overall effectiveness because of the greater distance
from the cooking surface. Front burners were also found to be more vulnerable to "wave
spillage”, which is created when someone walks past the range. Behind the moving person,
two vortices are created which disturb the otherwise stable airflow patterns around the
range. This results in a significant increase in spillage for several seconds until the thermal
plume is recaptured by the exhaust hood.

7.2.3 Single vs. Multiple Burner Operation

The use of multiple burners increased the amount of spillage from the single burner on
which the smoke generator was positioned relative to the amount of spillage observed when
only a single burner was functioning. Presumably the operation of the additional burners

either overwhelmed the exhaust hood or distorted the airflow underneath the hood such that
plume capture was retarded.

7.2.4 Side Curtains

Side curtains were found to significantly reduce the amount of spillage which
occurred, particularly from the back burners. Their presence reduced the amount of
sideways spillage and also increased the local air velocity across the operating burner
permitting better plume capture. The curtains extended from the top of the range to the
underside of the hood, and out from the back wall 30 cm (12"). For the tests, simple
cardboard replicates were used while the final curtains installed with the range were
removable units manufactured from tempered glass.
7.2.5 Required Range Hood Exhaust Flow Rate

Arguably, this is the most important issue in the design of a range hood exhaust
system since it has to balance the need to adequately exhaust pollutants with the desire to
minimize depressurization of the house. Therefore, a series of trials were conducted to
determine the minimum exhaust flow rate, as measured at the hood, necessary to limit
spillage to no more than 10%. Five different operating conditions were tested and the
required exhaust rates measured. Two of these involved use of the oven, which exhausted
out through the top of the range near the back of the unit. The test results are shown in
Table 11, along with the results of an analysis which calculated the percentage of new,
Manitoba houses which would experience more than 5 Pa of depressurization at each flow
rate. Five Pascals is generally regarded as the maximum depressurization which a naturally
aspirated appliance can sustain without being vulnerable to combustion spillage or
backdrafting. These results are based on a recent survey of the airtightness of 22 newly
constructed, gas-heated houses in Manitoba (Proskiw 1996). For all the configurations
studied, the required range hood exhaust rate necessary to control spillage to under 10%
could cause combustion spillage in the majority of new, Manitoba houses if they were
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equipped with naturally aspirated combustion appliances (which most are}). New houses in
Manitoba are typically more airtight than those built in any other part of Canada. Therefore
applying this analysis to other parts of the country would show a smaller percentage of
houses vulnerable to combustion spillage caused by the range exhaust system. it should also
be remembered that these results were produced from tests on a single (albeit typical)

range/hood configuration and would vary with different ranges, hood designs, installation
. geometries, etc.

TABLE 11
MINIMUM EXHAUST FLOWS NECESSARY TO LIMIT RANGE SPILLAGE TO 10%
IN NEW MANITOBA HOMES

CONFIGURATION MINIMUM REQUIRED PERCENT OF NEW MANITOBA HOMES
EXHAUST RATE WHICH WOULD BE DEPRESSURIZED
MORE THAN 5 Pa

One back burner on, no side curtains 104 I/s (220 cfm) 77%
One back burner on, side curtains 75 I/s {160 cfm) 55%
Two back burners on, side curtains 104 i/s {220 cfm) 77%
Oven on, side curtains 90 I/s (190 cfm) 68%
Oven on, no side curtains >104 I/s (220 cfm) >77%

7.2.6 Duct Leakage

Duct leakage was not explicitly measured during the tests, but in the course of
performing the trials it was recognized that leakage could be an important factor in the
overall determination of indoor air quality. With most residential range exhaust systems, the
ductwork is positivély pressurized. Therefore leakage from the ductwork will be into the
house. Unfortunately, most residential ductwork systems are very leaky. For example,
measurements of the leakage in positively pressurized residential ductwork systems have
shown that the total leakage can exceed one-half of the total air flow entering the duct. If
this were occurring with a range hood system, it would effectively degrade the efficiency of
the range hood by one-half (but decrease the probability of combustion spillage/backdrafting).

7.2.7 Rangetop vs. Oven Operation

Another issue which became apparent during the trials is that further study and
research needs to be directed to the relative contributions to air quality degradation by the
rangetop and the oven. The total combined input of the rangetop burners will generally be
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several times that of the oven, therefore one might assume that they would represent the
greater potential threat to air quality. However, the oven tends to be operated for extended
periods of time while the rangetop burners are often used for relatively short periods.
Therefore, it is unclear what the relative contributions of pollutants are from these two
sources.

. 7.3 EXTERIOR WALL WOOD MOISTURE CONTENT

The main walls of the Manitoba Advanced House were constructed with an innovative
split-stud system consisting of an inner 38x64 (2x3) stud and an outer, load-bearing 38x89
(2x4) stud connected by thin, metal pins. Wall insulation consists of blown-in glass fibre or
cellulose installed using the BIB system. Sealed 6 mil polyethylene serves as the air/vapour
barrier. Because the BIB system applicator injects a small amount of a latex binder onto the
insulation at the time of installation, some concerns had been expressed that wood framing
members might be vulnerable to rot. Therefore, a number of wall cavities in the house were
instrumented at the time of construction with 24 sets of permanently embedded wood
moisture content (WMC) probes. The pins were installed in both glass fibre and cellulose
cavities, on north and east walls {where the threat due to wood rot was deemed to be the
greatest), inner and outer studs, and in both main floor and second floor cavities (since the
former would be exposed primarily to air infiltration forces and the latter to air exfiltration}.
All WMC measurements were temperature-corrected using data from thermocouples installed
along isotherms with the moisture pins.

The wood used for the wall studs in the Manitoba Advanced House was dry at
installation. Random measurements of the stud WMC, made during construction of the
house (July, 1992), showed typical values of 10% to 13%. For comparison purposes, the
National Building Code requires all lumber used for residential construction have a moisture
content which does not exceed 19% at the time of installation. Wood with a WMC of 19%
or less is generally considered dry. In practice, the threat due to wood rot begins to slowly
increase when the WMC increases above 19% and reaches a maximum value at about 30%.

WMC measurements made using the permanently embedded moisture pins were made
on a number of occasions up until July, 1995. In all cases, the WMC readings were found to
be stable and generally well below the level at which the wood might be vulnerable to wood
rot. Only a single reading exceeded 19% (19.7%). The conclusion drawn from these tests
is that the wall system did not experience elevated moisture levels which might ultimately
lead to wood rot (in a house located in a cold, relatively dry prairie climate). Further, the

moisture introduced by the BIB system into the wall cavities did not pose a threat to the
wood studs.
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7.4 HEATING SYSTEM DUCTWORK .

Various air flow rate, static pressure and power measurements were made on the
heating system ductwork and blower to provide information on its operating characteristics.
Static pressure measurements were made at 11 locations throughout the system to
determine the pressure drop due to various components, in particular the bag filter and
charcoal filter. Air flow rate measurements were made using 25 point traverses of the
ductwork along with supply grille velocity measurements to determine overall air flow rates
and the magnitude of the system duct leakage. Measurements were made at three different
settings of the air handler speed control (full, half and low speed). For each flow condition,
the electrical usage of the air handler motor was also measured. Although the results of
these tests are specific only to the Manitoba Advanced House, certain observations resulted
which could have more general application.

7.4.1 Duct Leakage

Duct leakage was defined as the percentage of the total air flow delivered by the main
blower which leaked out of the supply ductwork prior to reaching its intended destination,
the supply air grilles in the various zones. The flow rate measurements showed that duct
leakage was surprisingly high, varying from 33% to 53% of the total air flow depending on
the speed of the main blower. This occurred despite considerable effort being made to seal
the ductwork using a commercial-grade paint-on mastic and duct tape. A full explanation of
why the duct leakage was so high has not been developed. An obvious implication of this
finding is residential forced air system design procedures, which assume zero duct leakage,
can at best only roughly approximate the actual performance of a system. It could also
partly explain complaints about cold rooms in houses with forced air heating systems.

7.4.2 Filter Pressure Drop ,

The Manitoba Advanced House uses an 85% efficient bag filter and a charcoal filter,
both located on the upstream side of the circulation blower. Since both only provide fiitration
when-the blower is operating, the extra pressure drops created by their presence need to be
considered since this increases electricity consumption. The static pressure measurements
showed that the two filters created the single largest pressure drop in the ductwork system,
varying from 50% of the total system static when the blower operated at high speed to 65%
at low speed. The non-linearity in response was caused by the different flow characteristics
of the ductwork (which behaves like an orifice flow device) and the filters (which correspond
more to laminar flow devices). Since the power required to operate the blower is
proportional to the pressure drop, this means that a significant portion of the total electrical
requirements of the blower is created by the filters. This can be a very important factor in

the design of modern heating and ventilating systems since they are designed to operate on a
quasi-continuous basis.
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7.4.3 Power Requirements of the Main Circulation Blower

The main circulation blower uses an infinitely variable speed controller. The electrical
power draw of the motor was measured and found to vary from 660 W at high speed, to
371 W at half speed and to 197 W at low speed. Part of the power reduction was achieved
through a drop in the power factor (from 0.98 at high speed, to 0.77 at half speed, to 0.70
at low speed). Given that the air handling system is designed for continuous operation, these
. characteristics permit a significant reduction in electrical consumption (70%) when the unit is
operated at low speed. To put these numbers into perspective, a 463 W saving (660 W -
197 W) would represent over 4,000 kWh per year (ignoring the fact that some of this will
offset the space heating load) if the blower were operated continuously. This represents
about one-quarter of the total, annual energy budget of the Manitoba Advanced House
(i.e., both natural gas and electricity)! It should be noted that conventional furnace motors,
such as the Permanently Split Capacitor (PSC) type, do not demonstrate such large
reductions in power consumption because their efficiencies fall off at lower speeds. Thus,
while they may only be moving a fraction of the air that they move at high speed, their
electrical consumption is barely reduced.

7.5 HOBBY ROOM DISPLACEMENT VENTILATION

The hobby room was one of the novel air quality control strategies used in the
Manitoba Advanced House. This was designated as a room in which odour or pollutant-
generating activities, such as a hobby or home office, could be located without significantly
affecting the remaining air quality in the rest of the house. The room was equipped with an
exhaust to the-HRV as well as a separate exhaust fan ducted directly outside. The intent of
this design is that with the (non-weatherstripped) door closed and the HRV and/or exhaust
fan operating, the room can be depressurized such that there will be no air movement from
the room to the rest of the house. Some concern had been expressed as to whether any
significant level of depressurization could be achieved of an internal zone within a house.
Therefore, tests were conducted to determine the level of depressurization which could be
sustained under these conditions. The exhaust flow rates, measured at the grilles, were 7 I/s

(15 cfm) to the HRV and 61 I/s (129 cfm) through the exhaust fan. The results are
summarized in Table 12.

The tests showed that the HRV was not able to provide significant room
depressurization while the exhaust fan comfortably depressurized the room relative to the
house. With only the exhaust fan operating and the HRV off, the HRV exhaust became an air
inlet to the room. The last test configuration {(exhaust fan on, HRV grille sealed and the door
sill taped), represents an optimum configuration in which ventilation is provided by the
exhaust fan and the door is weatherstripped. In this configuration, a substantial level of
depressurization was achieved which effectively precluded the transfer of any pollutants to
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the house as long as the door was closed. The use of weatherstripping would permit the
system to work even better. Nonetheless, the conclusion drawn from these tests is that the

hobby room concept is valid and can be incorporated into a normal house design with relative
ease.

TABLE 12
HOBBY ROOM DEPRESSURIZATION

CONFIGURATION ROOM-TO-HOUSE PRESSURE
DIFFERENTIAL (Pa)

HRV on -0.2
Exhaust fan on -2.5
HRV and exhaust fan on -3.2
Exhaust fan on, HRV grille sealed, door sill taped ' -11.2
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SECTION 8
INDOOR AIR QUALITY

8.1 INDOOR AIR QUALITY MEASURES

A key feature of the Manitoba Advanced House was the indoor air quality control
measures incorporated into the design, as summarized in Table 13. These included a variety
. of mechanical systems and design features which were selected to both limit the amount of
pollutants introduced into the living space and to remove those which did enter.

To evaluate the overall impact of these control measures, two rounds of indoor air
quality testing were performed in June, 1994 (just prior to occupancy) and in April, 1995
(approximately one year after occupancy). During these tests, the concentrations of several
pollutants were determined using either spot (instantaneous) measurements or with longer
term (7 day) dosimeters. The results are summarized in Table 14 along with the relevant
exposure guidelines published by Health and Welfare Canada (HWC 1989). For several
pollutants, exposure guidelines are expressed using both the Acceptable Short-Term
Exposure Range (ASTER) and the Acceptable Long-Term Exposure Range (ALTER). The
ASTER is the concentration range that a person could be exposed to over a specified short
time period without undue risk to their health. The ALTER is the concentration range that a
person could be exposed to over a lifetime without undue risk to their health.

» Carbon dioxide (CO,) levels were measured on a continuous basis for a six month
period between March, 1995 and August, 1995 (see Table 15) and by spot checks using gas
detection tubes. The mean concentration recorded during the period of continuous
monitoring, which is considered to be the more representative, was 571 ppm - well below
the Health and Welfare Canada guideline of 3500 ppm. However, what makes these results
particularly interesting is that the homeowners intentionally operated the HRV so as to
control the CO, concentrations to roughly 600 ppm. The CO, sensor, located in the master
bedroom, had an output display which the homeowners used as an indicator to turn the HRV
on or off. Using this control strategy, the average mechanical ventilation rate provided by
the HRV was estimated at 16 I/s (33 cfm). The design flow rate for the house, as calculated
using CSA F326, was 70 I/s (148 cfm). Therefore, the average utilization of the HRV, based
on the design flow rate, was 22%, or 5.3 hours per day. Despite this relatively low
utilization, CO, concentrations were kept at reasonable levels, acknowledging that the

occupancy levels were relatively low (two adults, occasionally away for several days - during
which the HRV was turned off).
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TABLE 13
SUMMARY OF THE INDOOR AIR QUALITY CONTROL MEASURES
IN THE MANITOBA ADVANCED HOUSE

AIR QUALITY CONTROL MEASURE

PROVIDES PROTECTION AGAINST

Continuous mechanical ventilation (Heat Recovery
Ventilator)

All airborne pollutants {chemicals, particulates,
odours, moisture, etc.)

Intermittent mechanical ventilation {various exhaust
fans)

All airborne pollutants {chemicals, particulates,
odours, moisture, etc.)

High-capacity kitchen range hood with side curtains

Natural gas products of combustion, cooking by-
products

Sealed combustion appliances used for space
heating, DHW and fireplace

Combustion spillage and backdrafting from natural
gas appliances

High-efficiency (85%) bag filter

Particulates

Activated charcoal filter

Chemicals and odours

Airtight below-grade construction

Radon, soil gas and soil moisture

Airtight above-grade construction

Outdoor-based pollutants {car exhausts, chemicals,
particulates, etc.)

Natural fabrics for carpets and upholstery

Chemicals {mainly Volatile Organic Compounds)

Solid wood cabinetry (wherever possible)

Chemicals {mainly Volatile Organic Compounds)

Sealed particleboard surfaces

Chemicals {mainly Volatile Organic Compounds)

Open metal closet shelving

Chemicals {mainly Volatile Organic Compounds}

Cabinet exhausts

Chemicals stored in cabinets

Closet return air grilles

Odours and chemicals originating from clothes

Hobby room

Various pollutants originating from hobby room
activities

66




(966 | 1SNBNY) HE8E L-Z9 PIEPURLS 1jBIP JYHHSY Ul SJUBUILIEIUOD Pa}d9|as 10} saulapind uonesjuasuod jabiel ‘Alolepuels-uou INQ ‘PBPUSWILIODB) 3y WOl4 G
*(anjew 21qna Jad sjasenboag) w/bg 008 01 uajeAinba sI MW 00| 'S[eA] Buppopiw = ,TNMW,, P
‘pouad Buuoyuow sod apew sjuswainsesw adNIN - "€
‘sjaAs) jueinjjod 3onpaJ 01 uaye} aq PjNOYS UONIDE JjeIpauil YdIYm e juiod ay3 $1 ,[9A8] uonoe, A1 Seasaym aandsiqo wiel-Buol syl sjuasaidal ,|aAd) 18bue), 84l 2
‘palou ssajun ‘(686 L DMH) EpeueD aiejjap pue yijesH ‘,ANenD Jiy Joopu| |enuspisay Joj sauljeping amnsodxgy, wol4 |
1S910N

a|geondde jou y/oe zzo y/oe gz'o sjqes|jdde jou {(Jy/oe) aies sbueyo ne jero)

(4317v) wdd 610°0
eouewloyiad Aloloelsies wdd z'0 > (43lsv) wdd gg°0 jods (20s) apixoip Inyding
g (Sluawainsesw ¢)
aosuewloiad Aloloeysnes Alep wdd g0'0 > (431SVv) wdd Z1'0 jods (¢0) auozQ
tojdwes jo jwy| (43171v) wdd 50°0
UORD3ISP MOISQ [9A3] ‘UMOWUN wdd g0 > (43.1SVv) wdd 6Z°0 jods (ZON) apixoip uabosN
¢ (Sluswainseaw ) (inoy 1) wdd g2 ‘
asueuwnopiad Asojoeysnes Alap wdd g > {(dnoy g) wdd || jods (0D) 9apixouow uoqse)d
cwdd 009
wdd 009 _

asuewiopad Alojoejsnes AJap wdd 00§ (4317v) wdd 00S¢ jods (0D) epixoip uoqied

+{19A8) uonoe) w/bw 0L {DOAL) spunodwod

aouewloysad Alojoeysines Asop cw/Bw gL o cW/Bw GO0 S1eas| 1ebier) wy/bw g0 j@am auo ojuebiQ 9|11e|OA [BIOL

(H311v) (w/6r oy
aouewiopiad Aloyoejsiies A19p cWw/Br 6> cW/br7 7| (431SV) (W67 001 }93aMm auo saje|nolied
aouewioylad Asojoejsnes A1ap IMUW + 1MW 001 ¥9am auo (uy) uopey
gudd 100 cwdd /$0°0 z(18A8] uonoe) wdd 0170
aouewiojad Asoloeysies AJap wdd 10’0 wdd z$0'0 .N=o>m_lw9m: wdd G0'0 }o9am auo (OHOH) 9pAysplewso
@3ldna20 a3aldnNdo0NN .
4 S3ANN3AIND aoiyad
INIWSS3ISSY NOILVHLINIONOD a3"dNSVIN JHNSOIX3 AIN3WIHNSVIN INVINTIOd

S1INS3H ALITVND HIV HOOANI 40 AHYWINNS
Y

67



TABLE 15
MEAN CO, CONCENTRATIONS
(CONTINUOUSLY MONITORED DATA)

MONTH MEAN CO,
CONCENTRATION
(ppm)
March/95 772
April/95 678
May/95 732
June/95 450
July/95 386
Aug/95 411
MEAN : 571

8.2 INDOOR TEMPERATURES AND RELATIVE HUMIDITY

Indoor temperatures were monitored on a continuous basis at five locations in the
house during the monitoring period: the master bedroom and second bedroom on the second
floor, the living room and family room on the main floor and in the basement. For the
HOT2000 analysis, a single, average temperature was used for each level, as summarized in
Table 16. Interior relative humidity (RH) levels were continuously recorded using a sensor
located in the exhaust air duct leading to the HRV. Unfortunately, reliability problems
occurred with the data collection system such that only about seven months of data was
obtained. Average comparative data is also shown in Table 16 for the five, occupied
Advanced Houses across the country (Cooper and Mayhew, 1996).

The temperature data shows that temperatures within the house were generally quite
uniform, with a variation of only about 1 °C to 2 °C between the mean temperatures on the
three levels. This is viewed as a positive indication that the house was able to operate in a
reasonably balanced manner from a thermal perspective. Relative humidity levels were
generally within, or slightly below, the range of 30% to 55% recommended by Health and
Welfare Canada {1989) for winter conditions. However, these levels are mainly indicative of
the homeowners’ utilization of the ventilation system, rather than the house itself.
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TABLE 16

MEAN MONTHLY TEMPERATURES AND RELATIVE HUMIDITY LEVELS

MONTH BASEMENT MAIN FLOOR SECOND FLOOR RELATIVE
TEMPERATURE (°C} | TEMPERATURE (°C) | TEMPERATURE (°C) | HUMIDITY (%)

Sept/94 20.8 22.4 22.4
Oct/94 20.9 21.8 20.8 45%
Nov/94 20.6 21.2 19.7 28%
Dec/94 20.1 20.7 19.1 25%
Jan/95 19.8 20.4 18.3 24%
Feb/95 201 20.9 19.2 22%
March/95 -20.1 21.2 19.9 22%
April/95
May/95 20.7 22.3 21.9 35%
June/95 23.0 25.2 25.1
July/98 22.7 23.9 23.9
Aug/95 22.9 243 24.0
MEAN 211 22.2 21.3
COMPARATIVE DATA FOR FIVE, OCCUPIED ADVANCED HOUSES
Mean House Temperatures: 23.2 °C {summer) 20.4 ° (winter)
Mean Basement Temperatures: 21.8 °C (summer) 19.5 ° {winter)
Mean Relative Humidity Levels: 47% {summer) 29% (winter)

8.3 COMPARISON WITH CONVENTIONAL AND R-2000 HOUSES
Comparisons were also made between the indoor air quality in the Manitoba
Advanced House with that measured in four conventional and 16 R-2000 houses monitored
during the Flair Project in the late 1980s (Proskiw 1992b). These houses used technology
which typified conventional and R-2000 construction in Manitoba. A summary of these

results is shown in Table 17 along with some comparative data for all the Advanced Houses.

69




When the pollutant concentrations in Table 17 are compared to those in Table 14, it
is apparent that the indoor air quality in the Manitoba Advanced House was quite good
relative to either conventional or R-2000 houses. Formaldehyde, radon, particulate and
carbon dioxide concentrations were all lower in the Manitoba Advanced House while levels
of nitrogen dioxide were below the detection limit of the measurement system.

TABLE 17
TYPICAL POLLUTANT CONCENTRATIONS IN
OTHER TYPES OF HOUSES

POLLUTANT MANITOBA HOUSES ALL ADVANCED HOUSES
CONVENTIONAL R-2000 TEST‘#1‘ | TEST#2
Formaldehyde (HCHO) 0.068 ppm 0.060 ppm 0.046 ppm'’ 0.058 ppm'
Radon (Rn) 10 mWL 7 mWL
Particulates 33 pg/m?® 38 ug/m?®
Nitrogen dioxide (NO,) 0.0044 ppm 0.0040 ppm
Carbon dioxide (CO,) 800 ppm 600 ppm 495 ppm? 552 ppm?

Notes:

1. Test #1 conducted during the unoccupied period, Test #2 conducted during the occupied period.
2. Test #1 conducted during the summer, Test #2 conducted during the winter.

8.4 OVERALL ASSESSMENT OF THE INDOOR AIR QUALITY

The air quality testing demonstrated that the collective impact of the indoor air quality
control measures in the Manitoba Advanced House was very successful at maintaining low
pollutant concentrations and generally providing a high quality living space, from an air
quality perspective. Measured pollutant concentrations were generally well below the Health
and Welfare Canada exposure guidelines and lower than those measured in comparable new,
conventional and R-2000 houses in the same city. With respect to the radon data, it should
also be noted that Winnipeg is regarded as being an area of high radon concentrations, so
the very low measured concentrations are particularly interesting.

Although there are numerous other pollutants known to exist in the indoor residential
environment and whose concentrations were not measured, the results from the testing were

very encouraging and demonstrated that the control measures were quite successful at their
intended function.
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9.1 FIXTURE FLOW RATES

SECTION 9

WATER CONSUMPTION

The flow rates of various fixtures were determined during the house’s unoccupied
period. In addition, the overall water usage of the house was measured during the
monitoring period for comparison to published data. The fixture flow rate results are
summarized in Table 18 along with the Advanced House and R-2000 water usage
requirements (for comparison). The house’s compliance with the water usage requirements
in the Technical Requirements are summarized in Table 19.

TABLE 18

FIXTURE WATER FLOW RATES

FIXTURE

MEASURED FLOW

ADVANCED HOUSE

R-2000 REQUIREMENT

{I/min) REQUIREMENT ({I/min) {l/min)

Kitchen sink faucet (single) 4.4 see note 1 8.3
Kitchen sink faucet (double) 15 see note 1 8.3
Basement sink faucet _12 see note 1 8.3
Main floor bathroom sink
faucet 4.4 see note 1 8.3
Second floor bathroom sink 5.2 see note 1 8.3
faucet
Second floor bathtub 12 none none
Second floor shower

- low flow 2.4 none none

- high flow 11 10 10
Ensuite sink faucet 5.5 see note 1 8.3
Ensuite whirlpool 36 none none
Ensuite shower

- low flow 2.1 none none

- high flow 12 10 10

Notes:

1.

Sink faucets are required to have aerators, however no quantitative requirement exists.
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TABLE 19
COMPLIANCE WITH WATER USAGE REQUIREMENTS

ADVANCED HOUSES MANITOBA ADVANCED HOUSE COMPLIES WITH

TECHNICAL REQUIREMENT TECHNICAL

: REQUIREMENTS?
Toilets: water usage can not exceed 7 One of three toilets measured; No
litres/flush water usage 186 litres/flush.
Showerheads: water flow rate can not The two showers exceeded target No
exceed 10 litres/minute at 551 kPa by 10% and 20%, respectively.
Faucets: must be equipped with faucet All faucets equipped with aerators. Yes
aerators
Landscaping: must be designed to minimize Extensive use of vegetation with Yes
the use of water low water requirements, minimal

turf.

Clothes washing machine: model with low Low usage model chosen. Yes
water consumption per cycle must be
chosen

9.2 TOTAL WATER USAGE

The total (indoor and outdoor) measured water consumption of the Manitoba
Advanced House during the one year monitoring period was 73,000 litres. This is equivalent
to 200 l/day or 100 l/dayeperson for the two homeowners in the house. The vast majority
of this is believed to have been consumed indoors. The Technical Requirements quotes an
American reference which gives an average indoor water consumption of approximately
300 l/dayeperson. Therefore, despite the fact that not all the technical requirements were
met, the average per capita measured water consumption in the Manitoba Advanced House
was about one-third that of a conventional house. However, water usage is heavily

dependent upon lifestyle and the two homeowners were very conscientious about conserving
water.
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SECTION 10
CONCLUSIONS AND RECOMMENDATIONS

10.1 ENERGY CONSUMPTION

The monitoring program and energy analysis indicated that, under average operating
conditions, the Manitoba Advanced House would exceed its energy target by 563%, or
. 9,066 kWh_/yr. However, over three-quarters {78%) of this overconsumption was due to
limitations of the computer software used to design the house in 1992. The analysis
suggested that if current versions of the software had been available at that time, the house
would have been designed in a more energy efficient manner and lower energy usage would
presumably have resulted. Nonetheless, the Manitoba Advanced House is an extremely
energy efficient structure which would only consume 44% to 48% of the energy of an
equivalent conventional, new natural gas Manitoba home, or 60% of that of an R-2000
house. To further improve its energy performance, the following changes could be made to
the design:

o  The airtightness could be improved from the final value of 1.17 ac/hrg,. This
could probably be achieved by reducing the air leakage through the supply air
ductwork system.

o The HRV system efficiency could be improved by using smaller diameter, better
insulated ductwork for the ventilation system.

o  Some form of insulated frames, rather than conventional wood frames could be
used for the windows.

o The greywater heat recovery system could be re-designed to increase its energy
recovery capability.

o Smaller and more energy efficient motors, blowers and pumps sets could be used
for the heating system’s air handler, the HRV and the water circulation pumps.

10.2 INDOOR AIR QUALITY

The collective impact of the indoor air quality control measures incorporated into the
house (high quality mechanical ventilation, 85% efficient bag filter, activated charcoal filter,
sealed combustion appliances and elimination/containment of various potential pollutants)
was very successful at maintaining low pollutant concentrations. Measured pollutant levels
were well below the Health and Welfare Canada exposure guidelines and were also lower
than those measured in equivalent, conventional and R-2000 houses.

10.3 WATER CONSERVATION

The measured per capita water consumption was 100 l/dayeperson, well below
reported levels for conventional residences, although this was due in part to the lifestyle of
the homeowners who were very conscientious about water usage.
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10.4 RECYCLING AND ECOMANAGEMENT

The various measures intended to encourage recycling and ecomanagement were, in
most.cases, judged as successful and easy to use. No major problems were encountered
and they were favourably received by tradesmen working on the house and by the public
during the open house period.

. 10.5 TECHNOLOGY SPECIFIC CONCLUSIONS AND\RECOMMENDATIONS

Exterior Wall System - The exterior walls were constructed using a factory-built split stud
system and insulated with Blown-In-Batt glass fibre insulation with a nominal thermal
resistance of RS| 8.10 (R-46). No major problems were encountered during construction,
~ thermal performance met expectations and monitoring indicated acceptably low wood
moisture content levels in the studs.

Foundation - The relatively conventional concrete basement, insulated with high levels of
interior, exterior and underslab insulation performed in a very satisfactery manner. In
contrast to most houses in the same general area, there has been no water penetration or
slab cracking problems. However, the presence of underslab insulation precluded using the
basement as a free source of cooling during the summer.

Air and Vapour Barrier Protection - The air/vapour barrier system used in the house employed
sealed polyethylene, air retarder header wraps, polyurethane foam at penetrations and
airtight electrical boxes. Overall, the system worked quite well and at reasonable cost. The
only major problem encountered was created by the leaky supply air ductwork, which

increased the initial, measured airtightness from 0.78 ac/hrg, to the final value of
1.17 ac/hrg,.

Windows - The windows consisted of quadruple-glazed sealed units with triple low-E
coatings, krypton-filled spaces, insulating spacer bars and wood frames. Overall, their
performance was excellent. However, heat losses were slightly higher than had been
anticipated during the design phase because of limitations in the software used to analyze
the performance of the windows. One area in which the windows could be improved would
be through use of insulated frames, rather than the conventional wood frames.

Doors - The steel insulated doors, with glass inserts constructed to the same standard as the
house windows, generally worked satisfactorily.

Mechanical System - Overall, the mechanical system was too complex, expensive and used

too much space in the house. Some of the components provided little, if any, benefit and
could have been eliminated or simplified without major adverse effect upon performance.
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Space Heating System - The condensing, natural gas boiler generally provided a comfortable
living space. However, the unit suffered from exhaust vent blockage caused by ice build-up
which resulted in automatic shut-down of the unit on several occasions. The four heating
zones used in the house could have been replaced by a single air zone and one baseboard-
heated zone. This would have saved construction costs and simplified the mechanical

system. Also, a smaller, quieter and more energy efficient air handler should have been
used.

Ventilation System - Measured pollutant levels in the house were very low which indicates
that the mechanical ventilation system achieved its primary objective of maintaining good

~ indoor air quality. The system could have been improved by using smaller, simpler and better
insulated ductwork between the HRV and the outdoors, a more energy efficient distribution
system for the ventilation air and unitary exhaust fans which exhausted directly out through

exterior walls rather than using long duct runs to exhaust air down to the basement and out
through the floor headers.

Continuous Circulation Blowers and Pumps - The four devices intended for continuous or
-“~quasi-continuous operation (heating system air handler, HRV, space heating circulation pump
and DHW circulation pump) consumed 44% of the total electrical load during the monitering

v period. The use of more efficient electric motors, blowers and pumps could have reduced

this load - possibly to a significant degree. Also, improved mechanical system design would
- have permitted lower utilization of these devices.

Domestic Hot Water Heating System - The integrated DHW system, which draws hot water
from the space heating tank, has performed well. However, additional research is needed to
find effective means to supply and/or reduce the DHW load in Advanced Houses. One
technology which shows considerable promise is greywater heat recovery.

Greywater Heat Recovery - The prototype, custom-built system used in the Manitoba
Advanced House was estimated to have supplied about 40% of the DHW load, despite not
having benefit of the design tools subsequently developed as part of this project. With the
knowledge gained, the system could be easily re-designed to both increase the amount of
recovered heat and reduce costs. Greywater heat recovery is regarded as a technology with
considerable promise and one worth developing further.

Below-Grade Heat Recovery System - The BGHRV concept, which ducts exhaust or attic air
into the drainage system around the house, is regarded as having some potential. However,
it would be better suited to houses which do not have an HRV, and can thus use the warm
exhaust air from the ventilation system as the source of heat.
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Natural Gas Range Exhaust and Make-up Air System - The make-up air system installed in
the house was too complex, expensive and problem-prone. The conclusion drawn from this
experience was that, for many houses, it would be easier and cheaper to solve the problem
of providing make-up air to houses with spillage-susceptible appliances by changing the
appliances to non spillage-susceptible types, rather than providing a make-up air system with
its attendant complexities. Performance tests conducted on the range hood demonstrated
that: hood capture of the thermal plume was enhanced when back burners were used rather
than front burners, multiple burners increased the amount of spillage compared to a single
burner, and side curtains significantly reduced spillage. Finally, the tests showed that the
required hood exhaust rate necessary to control spillage from the range would be sufficienﬂy
high that combustion spillage would occur in the majority of new, Manitoba homes if
equipped with naturally aspirated appliances.

Cooling - Overheating has been a problem in the Manitoba Advanced House despite the use
of exterior solar shade screens. Some form of mechanical cooling is required. Further,
better design tools are needed to assess the potential for overheating in Advanced Houses.

Dryer Heat Exchanger - Attempts to save energy using a commercial-grade heat exchanger
proved to be expensive and futile. The heat exchanger should have been eliminated or
replaced with a grossly simpler system.

Fireplace - The direct-vent, natural gas fireplace has generally worked well although it
appears that the unit can create a localized cool spbt in the room due to thermosyphoning of
outdoor air through the fireplace which cools the glass face of the unit. In addition, there
may be a small amount of air leakage through the fireplace. The choice of a glow-bar
ignition system, rather than a standing pilot, saved a great deal of energy. It is

recommended that the thermosyphoning and air leakage issues be investigated in more
detail. )

Lighting and the Electrical System - The T-8 fluorescent lights with electronic ballasts and
the compact fluorescents have worked well and provided good colour rendition. The
dimmable ballasts (used on some of the T-8 lights) and halogen lights were found to be quite
expensive, when originally purchased. The electromagnetic field control measures
incorporated into the house were relatively easy to install. However, tests on their

effectiveness proved inconclusive because the background magnetic field strength in the
house was very low.

Air Filtration System - The 85% efficient bag filter proved very effective at controlling
particulate levels in the house, however the pressure drop across the filter was large and
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needs to be considered (from an energy perspective) if the technology is being considered for
future houses. For many homeowners, a slightly less efficient filter (40% to 60%) would

prove adequate and yet still represent a major improvement over a conventional 5% efficient
furnace filter.

Hobby Room - The concept of depressurizing one room or zone with an exhaust-only
ventilation system to control migration of pollutants generated in that area to the rest of the
house, proved successful. It would be especially useful for people with chemical sensitivities
and in houses which contain both smokers and non-smokers.

Low Emission Finishes, Cabinet Exhaust System and Closet Return Air Grilles - All of these
measures were judged as relatively easy to use and effective at improving indoor air quality.
However, application of the low emission finishes to the kitchen cabinetry was somewhat
labour intensive, although this could be reduced in a mass-production environment.

Water Conservation Devices - The low flow showerheads appear to have worked
satisfactorily even though their water flow rates were slightly greater than those specified in
the Technical Requirements. The infrared faucets, while popular from a demonstration

- perspective, were quite expensive and would only be economical for people with special

needs. Water usage of the double-flush toilet was well above that specified in the Technical
Requirements, while the pressure flush toilet leaked repeatedly causing damage to the house.
The landscaping system, using indigenous plants and minimal turf, worked well although
costs have to be monitored carefully when using this approach.

Resource Conservation - The resource conservation measures were generally quite effective.
The stone/glass drainage system under the floor slab and over the weeping tile was very
successful and posed no handling problems. The use of open web floor trusses,
microlaminated built-up wood beams and plywood "I" joists were all successful. The cork
flooring system worked well although it proved a little vulnerable to damage during the very
high traffic levels encountered in the open house period. The pine shake roof was also very
successful, and aesthetically pleasing with no functionality problems.

Household Recycling Devices - The multiple bin recycler work very well, although a re-design
of the unit would be beneficial so the opening could be located at counter level to make it
more convenient to use. The kitchen compost storage device was also judged as successful
although a modified design would be preferred in which indoor access was provided to

permit the compost pail to be emptied from the indoors, and the storage space depressurized
to control odours.
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Power Indicator - The power indicator, designed to provide an instantaneous read-out of

electrical energy usage, was judged as a good concept with potential commercial application.

However, the unit installed in the Manitoba Advanced House was too complicated for most
people to easily program and read. Also, it uses an optical pick-up on the electrical meter
which proved to be susceptible to dislodgement.
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THE ADVANCED
'HOUSE PROGRAM

The Advanced House Program is an
Energy, Mines and Resources Canada

initiative in partnership with the Canadian

Home Builders’ Association.
The program is challenging Canadian
" home builders, manufacturers, utilities and
‘others to explorc homes for a more .
- sustainable future — homes built on a solid
foundation of energy-efficient, environ-
mentally sensitive construction practices.

‘A SHARED VISION

The Manitoba Advanced House
Project is coordinated by the Manitoba
Home Builder’s Association. It is a team
effort involving industry, utilities and
- government.

The Manitoba Advanced. Housc is
one of eleven winning proposals selected in
a national competition. These eleven .
projects will act as a catalyst in developing
a new generation of more energy-efficient
and environmentally responsible homes.

‘- E

g

~ducted on the o_cc,upxed
. house for one year.

LEARNING

"TOGETHER

The Manitoba Advanced House will
be open to the public until the fall of
1993. Consumers and the building
mdustry can tour the home and -

 participate in workshops to learn about
_the home’s innovative ideas and products.

For details about open house hours or the
workshops, contact the Manitoba Home
Builders’ Association at
477-5110.

After being open to
the public, the Advanced
House will be sold to
private owners. Extensive.
monitoring will be con-

The performance of the
home’s innovative technologies and
products will be assessed. Results will be
shared with the public and the building
- industry across Canada and around the
world.




We wish to acknowledge the co'.-,opemtz'on of .the fol_lowing'suppliw&: -

" Basement, garage, front step slab:
St. Andrews Concrete Finishers Ltd:

Brick Installer: Len’s Masonry |
Cabinets: Kitchen Craft of Canada Led.
' Celluléi Phone Services: Cantel

Cezmmc Tile: Tormo Tile
‘ Closet Organizers: For Spacc Sake
Dzzmp Proofing: Peter I\Ohut :

Designers: Appin Associates; UNIES Ltd
BOGE & BOGE; TPR Mechanical

Driveways and Walkways:
Barkman; R & D Construction

Drywall Products:
- The Synkoloid Co. of Canada

Drywall: Loewen Drywall; Westroc
Electrical: Sussex Electrical

Electronic Fquzpment
Advancc Electronics

Excavating:
- Frick Construction Ltd.

Exhaust Fans: ECCO Heating Products

Financing:
Canadian Imperial Bank of Commerce

Floor trusses/Micvolam/Lumber:
Dominion Lumber

Flooring: H.I. Carpeting; Floorevery
Foundation: Otto Zacharias
Fmim;'ng: Solstice Enterprises

. Furnishings and Accessories: Faveri’s;
Workshop Designs; Interior Hlusions -

Garage Door: Red River Overhead Door
" Garage Heater: Wholesale Heating

G luss/gmwl mix and concrete: Supercrete

Hmtmg Coils & Circulation Pumps
Hydron-aire Ltd.

" Heating: Pellaers Ventilation

House Performance Monitoving:
Proskiw Engineering

Insulation: -
B Plett Enterprises; Flbcrglas Canada;
: Dow Canada Inc.

b

Interior Designers: Jan Ash D651gn
_ Joy Meyers-Piske Dcmgn

Interior Finishing Material: ‘
Woodlands Supply Lid..

Kitchen Light Box:
‘Gateway Kitchen & Bath Centre Ltd.

Kitchen Rangf: Hoad/Swztch_es.
- Broan Manufacturing

- Landscaping: McEwan Bros..

Lifebreath Heat Recovery Ventilator: Hcat
Saver Distributors, Nutech Energy Systems

" Light Fixtures: Superlite
Locks: Weiser

Major Electrical Appliances/Bulbs/
Motors: G.E. Canada

Paint: Buhle Painting; Northern Pa‘int
Piles: Provincial Piling.
Plumbing Fixtures and Faucets:
Crane Canada Ltd.; Derksen Plumbmg :

 Recycled Glass: _
- Manitoba Soft Drink Recycling

Roof Trusses and Microlam:
All Fab Building Components

Roofing: Prairie Shake Roofing
- Sealants: G.P. Johnson Ltd.

Sécuritjr System/Control Valves:
Honeywell .

Sewer and Water Sevvices Immller '
Double A Construction

Site Supervisor: J.P. Koop Construction
_ Steel: Cowin Steel | E
 Stucco Detail: D. Popiel Sldmg |
Stucco: Hubatka Bros. Contracting

Sub-Floor Construction:
L.H. Koop Construction -

Survey: Pollock & Wright Land Surveyor
Wall Studs System: Ten Lives
Windows: Wilmar Windows




The Manitoba Advanced House is a-
2,000 sq. ft.; two-storey home. It is located in
south Winnipeg at the corner of Kirkbridge
(east of Waverley) and Millstream. Features of
the home include:

- ENERGY EFFICIENT.
BUILDING SHELL
e High attic insulation levels (R-60)

provided by cellulose insulation madc
from recycled newsprint.

¢ A unique “split-stud” wall
system containing above
average levels (R-45) of |
blown-in insulation.

. Spccial electrical boxes in exterior walls and
ceilings that eliminate drafts.

e Most windows face south to take advantage
of Manitoba’s sunny winters.

¢ Windows that gain more energy than they
lose, even on the north side of the house!
Added benefits include improved comfort,
no condensation and blockage of ultra-violet
light from the sun that fades fabrics and
“furniture. '

¢ Removeable solar screens that cover
windows during summer to prevent
overheating without blocking views.

e Exterior insulation on foundation walls to
reduce the potential for structural and water
secpage problems.

* Rigid foam insulation under the entire
basement floor slab to reduce heat loss,
dampness and improve comfort.

ENERGY EFFICIENT
MECHANICAL SYSTEM

e A hi- cfﬁacncy natural gas hot water tank
with air handler that heats both the home
and water for cooking, showers, dish-.
washing, clothes washing, etc.

* Air circulation through the home using
motors and fans that are much moreé
efficient than standard units.

¢ An innovative heat e\changc system that
preheats incoming fresh water with water
drained from the clothes washer, dish-
washer, showers and sinks.

* Insulated water pipes; hot water pipes to
reduce heat loss and cold water plpCS to
prevent condensation.

e A programmablc electronic control system
that provxdcs flexibility and energy savings in
operating the heanng, ventilation, hghtmg
- and security systems.

e Separate thermostats that create four zones
to allow heating as required by the occupants.

* A heat recovery ventilator to exhaust stale’
air while preheating incoming fresh air.

¢ A system to exhaust warm air
* from the attic down through
the basement drainage tiles
and into the soil to reduce
heat loss around the
basement.

¢ An easy-to-read
electronic monitor
" provides occupants with
feedback about how much
clectricity they are using. The monitor gives
the rate of present and past usage and can
prcdlct the monthly electrical bill.

ENERGY EFFICIENT
LIGHTING

e Attractive, energy-efficient fluorescent and -

halogen lighting fixtures are used through
most of the house. Incandescent lighting is
restricted to fixtures that are seldom used.

* Extensive use of special dimmer and
automatic light switches to save energy and
increase convenience for the occupants.




ENERGY EFFICIENT
APPLIANCES

. Applianccs that are among the most
energy-efficient and water conscrvmg
models available. '

* A natural gas range with a'specially
designed hood to vent cooking odors
directly to the outdoors.

¢ Recovery of heat from the exhaust air of the
natural gas dryer.

INDOOR AIR QUALITY

* Daints, flooring, adhesives and countertops
that meet rigorous standards to reduce
“off-gassing” of chemical pollutants that
may be harmful.

* A very effective “bag” filter and charcoal
filter to remove contaminants and odors in
the indoor air.

¢ Special sealing of the basement floor to
prevent the entry of radon.

WATER CONSERVATION

e Water-efficient
toilets,
showerheads and
faucets that
reduce water -
usage without
sacrificing @
performance..

¢ Landscaping with native and drought
tolerant plants that reduce watering
requirements, provide summertime shade
and create a comfortable, attractive “micro-
climate”.

* A system to collect and store water from the
roof and basement sump for later use in
watering the lawn.

HOUSEHOLD RECYCLING

* A special kitchen-
to-basement recy-

storing recyclable
materials easy.

A e A large storage bin for kitchen

~wastes that prevents odor
“problems while providing easy access from
the outdoors to a backyard composter.

CONSTRUCTION WASTE
MANAGEMENT

* Pine roof shakes that require little energy to
manufacture, come from a renewable
resource and have a long life expectamy (30
to 50 years).

* Backfill around the basement’s drainage
system that is a mixture of gravel and
recycled glass.

¢ Enginecred wood products such as split-
stud wall framing, floor trusses, roof trusses
and laminated wood beams that use small
dimension lumber. This lessens the need to
harvest old- growth forcsts

OTHER FEATURES

* An electrical system that incorporates
measures to reduce the effects of
electromagnetic fields.

e An indoor timer to control vehicle block
heaters and interior warmers.

* A barrier-free main floor for whcclchalr access.
* Pieces of display furniture that are recyclc,d
by recovering and refinishing.

e A natural gas vehicle refueling station that a
homeowner can use to fill their low-
pollution, natural gas vehicle.

* An easy-to-locate direct vent natural gas
fireplace with no pilot light, provides clean,
convenient, encrgy-efficient comfort.

% 7 _ cling chute and bins’
¢ - to make sorting and
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VVYVVVVVYVY.
Builders often refer to
" the parts of a home
thzzt'-ﬁvejmrz,zte heated
living space from the

great outdoors as the |

building envelope..
A proper building
envelope féature: high .

A le_vels of insulation,

good quality windows |

“and doors, and low
air leakage. This
results in a more -

durable, comfortable

. ana' energy—cﬁz‘czent '

home,

This is the 1st
in a series of nine
informative fact
sheets about
energy-efficient,
environmentally
conscious options
for new homes and
renovation projects.

o‘od reasons to bu1ld... e

| Beﬂer Building Enveluue

.} THE BUILDING Bl.b'cxs

OF HOME DESIGN

It is important that the right chmces be :
made when planning your new home or
addition because future upgrading of the

- building envelope is expensive. In reality .
however, some builders are more concerned
with minimizing construction costs rather than -
' long term operahng costs. This meons you

- could be offered a lower purchase price,. but

you may end-up paying’ higher costs for .
energy and mcuntencmce

| )’SELECTING | A

PROFESSIONAI.

“Choose a home designer, builder or con-

“tractor that is knowledgeable .about buuldmg ,

well: insulated, sealed and ventilated homes: .
An easy woy to locate quahfled profes

_sionals is to"contaict the Manitoba R-2000 _
. Home Program for a list of certified builders. -

This program is a partnership between the

home building |ndustry, utilities, governments,
' fmqncnal institutions and others. The R-2000
" Home Program pr'ometes the construction of -
| . homes offering homebuyers the maximum in - |
. comfort, quality, energy sovmgs and envnron- .
“mental benefits. _ e

Under this-program, the plans For your '
home will be evaluated to ensure that your

* home achieves aminimum “energy. perfor-

mance- target”. The home will dlso be inspect- -
:_ed and tested durlhg construction to insure - -
~ that it meets or exceeds the estabhshed stan-

* dards.

Contact the Manltobo R- 2000 Home

" Program by calling 945-4335'in Wmmpeg, B
or toll-free 1 800—282—8069 (extensnon

4335)

)AIR-‘I‘IGH'I' HOMES AND
INDOOR AIR QUAI.I'I'Y

Thereis a popular mlsconcepflon that @ -

{ ~ home should deliberately have a “leaky”

building envelope to. avoid moisture or air -

: quallfy problems. Research proves otherwise.

* A leaky home is at the mercy of the weath-
er fo replace stale, indoor air with fresh' air

*from-the outdoors. For example, ‘cold, windy
" days can cause too much ventilation resulting.

in uncomfortable drafts, low humidity and’
high heating bills. On the ‘other hand, mlld
calm days can result in poor ventilation,

causing odours and-other pollutants to'linger. -
A leaky building envelope can also cause

- moisture to accumulate in the structuré of- the
- home |eading to expensive, long-term dam-

age. »
Good mdoor ait quchfy in air- hght homes -

is achieved.through the use of a well-
- designed ventilation system. This system .

continuously exhausts stale air, and replaces
it with- fresh outdoor air that can be heated,
cooled, humidified or filtered before it'is .
circulated. -

For more |nformcmon about choosing a’

" mechanical system and indoor air quality, ‘
please refer to fact sheets #3 and #4 respec- '

hve|y, in thxs series. -

e |
l To check the quah!y of how well the build-

ing envelope Is sealed insist that your .
builder conduct a blower door fest. @ '
{See diagram next page.|-This fest uses a.
large fan flﬁed info an. exferler_door ‘
 frame. It measures the rafe at which air
can be’ exhausfed from’ the home. An
excessive air flow rate means thaf there
are cracks and openings in the bu:/dmg
enve/ope that requrre further seahng
Spec:fy fhat this testing be- a’one in




,_(I:'x_.;c;'o.rd-an':c-e \.&ith the standard : ,
CAN/CGSB-149.10-M86- .

“Determination of the Airtightness of. -

" Building ‘EnVefqpe's by the Fan
Depressurization Method.” .

'MBUILDING -

' CONSIDERATIONS =

. The following fips walk you.through
the building process to help you make

" good defign and consiruction decisions
“before you build. B

... DESIGN CONSIDERATIONS

The construction cost and heat loss .

" from the building envelope is affected

by the home’s overall layout. -

* A 2-storey house has less wall and

roof area relative to its floor area 1. wind. ¢ -

0verimngs
& Shading

. ' [ = \
" South Facing .4 -
" Windows ' >

R

%
it

'Dobr Test -

|~ than & bungdlow; reducing building

" and heating’ costs.

.oOna sloped -site,"_ :c'o'h.sider asplit
| level. A two or three-storey layout- -
| - works well on the downhill side; -

-res_trii__:t the height jté-one level onthe _.
. uphill side. e

& Bi-levels offer considerable interior

* living - space at.a reasondble cost.

* For bungalows, consider whether you

really need a full basement; consider |

" building-a partial basement and use
.the money saved-to expand the main
 floor living and storage areas. . -

" » Avoid-excessively complicated floor - |

- plans since they can be tricky to
insulate and seal properly. . -
* Avoid locating doors on a.side of the
_house which faces the prevailing.

7\ Insulated S
Exterior Door /'

South Facing *
’Wiqdows :

.o Atic
Insulation

:_' 'Purqilel Chord™ "
. /' (athedrol Roof Truss

Yooy

| © Design an unheated air-lock or mud
- room adjacent to outside doors.as a .

means of controlling heat loss.

® Pick a .buildirj{g site that encbvl‘e'_s‘yoﬁ '

“energy. Orient the majority of win-
dows in'the homeé to within 30

| - much south-facing window area. A
“rule-of-thumb is to limit south-facing -
glazing between 6% to 9%.of the -

4' _mentof'the home._‘ e _
* Ask your dgsiéne_fto include proper
* overhangs on.south-facing windows

summer. (©). - -

N\~ tast & West

Gorden '
~~ Door Unit

7 Windows

e A ;‘,'xl o .
Additional ;’f;‘ .
Wall *. i@ -
N Insuloions - T

f Exterior

-~/ Bosement -
"~ Insulofion

Slob Edge
Insulation

... SITE CONSIDERATIONS: -
* o take advantage of passive solaf. B

‘degrées;éfidpe' souf.h.__' S

* To avoid overheating, don’t have foof SN S

. total floor area, including the base- *

to control over heating during the . -

=N Shade Trees

K 'Eﬂi{ient -




> et Buiing Enveloge

J Use trees, louvres or screens 1o shade
- east or west-facing windows which are

" difficult to. shade with overhangs. @

» Orient the home ond windows fo use
prevculnng wmd for notural venhlohon.

»lNSUi.A'rlou' ’

If you are building in a remote or
ortherly area, or if you mustuse a
osfly fuel source to heat your home, .
tis particularly important to achieve -
igh insulation levels. Follow the values
n tables 1, 2, and 3 recommended by
V\cmtobo Energy-& Mines. L

_BASEMENT FLOORS

It is cost-effective to add a 1 meter
(3.3 feet) width of RSI-0.88 (R-5.0)
rigid insulation under the- perimeter of
the basement floor.even though it is

~ seldom included in standard home
specificafions. (€) o

o If the entire basement is to be used as ‘

living space, insulate under the entire
bcsement floor for greater comFort

CAU‘"ON'

An msulafed floor slab may increase '

‘the risk of foundation shifting if the
soil is frost-sensitive or if the founda-
tior is shallow: Find out if there have
been problems with shallow base-
ménts in the wcmlly of your. Iof

" e 'BASEME,N,T' wALLs’.

" You have the option. of choosing B

between interior or exterior basement - |

wall insulation methads. Insulating from
Ihe interior is more common because |t
is less costly to achieve high insulation
values. It also makes it easy fo ansh the
basement as living space. .
Despite these advantages, consider
the beneflfs of exterior rnsulohon @

" Electricity, Qil,”
ot Propane Wood

1©

Natural Gas or

| TABLE 1 RECOMMENDED BASEMENT WALL INSULATION VALUES.

"HOME HEAT Souncs :

SOUTHERN MANITOBA

. NORTHERN MANMOBA®* . .

: Natural Gas or, -
Ground Sourcé .
Heat Pump.

*RSI-3.5 (R-20) Interior
- #RSI-2.1 {R-12) Exterior

© SRSFA.2 (R24) Intesior
_*RSI-3.2: [R-18):Exterior- -

*RSI-4:.2 (R-24) Interior
_ORSI-B,.Z (R-18) Exterior -

. #RSI4.2 (R:24) Interior
IOR_SI-3.2 (R-18) Exterior

Source Mcnltoba Energy and Mines
North of the 53rd paralel

e reduces potenhol for structurol dain- |

age since basement walls are not

subject to |orge temperoture swmgs a

and freeze/thaw cycles

. adds to the thermol ‘mass oI the -

home

o ehmlnotes concealed condensohon

and water Ieokoge problems,

e enables the contractor to' insulate ond
seal the junction between the floor

framing and basement wall better, and |

¢ does not take away valuable mterlor
living’ spoce .

... EXTERIOR WALLS

Exterior wall insulation is typically
‘placed between the studs of & standard

several different types that can be used: ’

e RSI-3.5. (R 20) batt-type msulohon
" Even higher insulation values can'be
aichieved by the.addifion of insulated
sheathing, oh‘oched to the out51de of
the wall framing. -

* Loose-fill ce"ulose or F|breg|css insula-

" "fion can be mixed with an adhesive -

and sprayed into the ‘open exterior

. walls before the interior finish is
- applied. Commonly called ‘blown-

in-blanket’ (BIB), this method can '
provide more uniform insulation.
Alevels ond reduced air leokoge

o There are several different styles of

panel wall systems that use a rigid
foam insulation core. These systems

- offer uniform insulation levels and

quick installation, but may make "
‘electrical wiring and other services ..

,__.'more diFIicult fo install..

38 x 140 mm (2 x 6 in.) wall. There are |

TIiP

Inveshgate fhe performance of new
'lnsulahon systems such as spray-

* application. methods and panel- waIl

‘systems. Find out how | many homes .
your builder has builf usirig these

- methods and ask for references of
 satisfied cusfomers

TABLE 2 RECOMMENDED EXTERIOR WALL INSULATION VALUES

’ HoME HEAT SOURCE -

. SOUTHERN MANITOBA '

NORTHERN MANITOBA .

‘Ground Source
" Heat Pump

*RSI-3.5 (R-20)

' -RSI 4.6 (R26)

Electricity, Oil,
Propane, Wood

CeRSKA.6 R26) .7 .-

. eRSKA.9 R28)

Source: Manitoba Energy and Mines




H Better Building Envem_pg

ooe A"’cs

' Aftics are easy to msulote wnth hlgh
" levels of low-cost batt-type or blown °
insulation. @ Either fibreglass or ce"u-_
Jose insulation that complies to the

" appropriate CSA or CGSB standards is

acceptable

ee CATHEDRAL .AND SLOPED ‘-

CEILINGS

It is difficult and expensuve o achleve'

"high insulation levels in a cathedral or
sloped ceiling. They are also prone to
moisture problems since it can be awk-

~ ward to'seal agcunst air |eaks ond venh-_

: lafe properly. .
Energy-efflaent alternatives to cathe-

dral ceilings include: '

" e taller walls with a flat cellmg and -

standard roof fruss system, or

. parollel chord or scissor truss roof -
systems which are easier fo insulate.

- .. and still achieve a sloped genlmg.@ ‘

Make sure that the builder specifies
** a-minimum insulation value of RSI-4.9
{R-28) for any sloped celllng in your _
home design.

wmpows AND noons

The heahng und coohng require- '_ B
|- ments of your home, and your comfort,

will be influenced by the number, size,

type and location of the windows and

doors in the-design.. v
Select windows that are at |east

! tnple glazed with an air space of 13 -

to 16 mm. (1/2 1o 5/8 in. ) between
the glazings. 0) .

To further reduce heat loss and resist’
condensohon ¢onsider any combination”

of the following ophons in the wmdow b .
. * compare the maintenance, durability, . =

design:

of glazing,”

* low-e (low-emlsswny) coatmgs on the .

glazing layers, and

* gas- filled units with an inert gas such
as argon between the layers oF gloz- _

ing.

» insulating spacers between the |oyers 1
. " window frame materigls that are -

@ for operable windows, choose case-

_TABLE 3 RECOMMENDED ATTIC INSULATION VALUES.. .

--HOME HEAT SouRcE

SOUTHERN. MANITOBA

NORTHERN MANITOBA -

‘Natural Gas-or
Ground Source
Heat Pump_ -

©eRSIZ.I(R40)

' -RSIB 8 (R- 50)

Electricity, Qil,
Propane, Wood

eRSIZ.1 (R50) -

eRSI-8.8 (R60]

" Source: Manitoba Energy and Mines. -

- déOl’S. ®

s

I TIP S
Low-e"coatings cari be tailored fo
- match the orientation with some :
* brands of. windows, For example N
consider spec:fymg alow-e coating -
that maximizes solar heat gain on
. south-facing windows. ‘With east and
- west-facing windows choosé a low-e
coating that blocks solar heat gain -
to avoid overheahng and comforf
problems 4

Also. remember to:
aesthetics and cost of the i various

" available such as wood, clumlnum
PVC and fibreglass; -

* ment and awning windows since they
tend fo have befter seals than shders _

® consider local manufocturers who -

1 have developed products for our
- harsh climate; and,

* be sure to compare the warranties ©
offered by dlfferenf munufacturers

- Chéose'pre'-hung, insulated exterior F—
These' units have o better,

more durable air seal and much higher °

insulating value than any ordirary "

‘wood door. If you decide fo install a .~ -

sliding patio door unit; choose a one -
with an effective, durable seal. French

| or garden door units are the beﬁer

_ alternahve @
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o Envelope

!

} TIP.
A 'new certification label is starhng fo
‘appear on some brands of windows.

~ Sponsored by the Canadian Window
and Door Manufacturers Association
' (CWDMA) this label will indicate the

window's Energy Rating (ER) which i is -

based on an ‘average Canadlan
- home. -

‘Window ER numbers range from =50 _

" to +15. Windows with high positive
ER numbers perform best.

\AAAAAAALAAAAA/

- CommoN BUILDING

ENVEI.OPE 'I'ERM's".
RSI (ME'I'RIC) AND R (IMPERIAL)
|NSULATION VAI.UES'

o measurement of the ability'of o
mutenul To resist heul Irunsfer

L |

Am I.EAKAGE- .

the uncontrolled flow of air into (infiltration) and. out- ;
‘of (exfiltration) o hore through cracks and.other

ummennonul opemngs

AIR-VAPOUR BARRIER'
] muienul used to restrict the flow of-air and wuler
vapour from inside o home to the outdoors.

. HIGH PERFORMANCE WINDOW:
" windowis that are very energy-efficient due to
features such as multiple glozing, low-€ coatings,

. gas- -fills, insulating spacers, good weather seals and

eﬂmeni frume ond sash deslgn

o GLAZING:
the sheets of glass or plastic film vsed in a
' window skylight, patio door, etc.

THERMAL MASS'
the ability of materials in o home :
o absorb and store heat.

For more information about

bmldmg a better building
' envelope, confact
_Manitoba Energy and Mlnes
. Information Centre
1395 E|||ce Avenue, Suite 360
Wlnmpeg, MB R3G 3P2

Coll 945-4154'in Wlnmpeg or

. to" free throughout Manitoba af-

1-800-282-8069

. This Fact Sheet was produced by the
Maritoba Advanced House Project’

12/95

Design: Doowai\ Désign Inc.

- Research & Co-ordination: Appin Associates  Wordsmith: EnviroScribe Consulting, Winnipeg  Illustrations: David Morrow fllustration/ Design
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The mechanical * |
system provides
- space heating, air

conditioning, water

 beating, and | .
. ventilation. Systems |

 with lower
installation costs are
 often less eﬂiéiemi
mcreaszng opemtmg'
costs, while not
providing the best
 comfort or air quality.
This fact sheet outlines .
choices that you can
dzscu:s with y your

builder to improve .

comfort and provide

long-term savings.

-~ This is the 3rd

in a series of nine

- informative fact

sheets about _

energy—efﬁuent,
environmentally
conscious options
- for new homes and _

rehovatioxi 5projects. ,

\l/
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) DARE TO COMPARE

ENERGY SOURCES

* Start planning your. home heating system

-by comparing the energy sources ovmlable

in )’OUI’ area. -

. NATURAI. GAS

Natural gas is the most common heahng

- choice for new homes in Manitoba. I is:
* clean burning - '

¢ affordable

and is available in most larger communmes
in southern Manitoba. Centra Gas is expand-

ing their gas network; call to see if there are
'.plons to service your site in the future S

ﬂ.scrmcmr N

Electncny is the second most common

 heating choice. It is:

. generoted in Manitoba

. from renewob|e resources

" with prices among the least expensive in
Canada. However, electricity is currently-

about 60% more expensive than natural

" gas in homes with an average heating

requitement. In future years, this price -
gap is predlcfed to shnnk

e pnomms

Propone heohng systems are an option for. -
 homes where natural gas is not available and

electric heat is not desired. In some northern

~ Manitoba communities, propane is piped
-dlrectly to homes For most people however,
supply is dependent upon q,dehver)_{ truck.

* Unfortunately, propane prices are less -

stable and generally more expensive thari - -
'elecfncnty prices. This makes it a more cosﬂy
" fuel source unless you use a high- efficiency

heating system

Converhng 16 natural gas from propane.

" service is usually quick ond inexpensive. If
- you know natural gas is going to be avail- -
able in the future, propone would be a good .

chonce

e OIL

' oil i is rcrely consudered a preferred ophon
for new home heotmg in Manitoba. Similar to

propane, oil- prices are less stable and usually

" “more expensnve than electncnty prlces » :

w

soe woon

Wood can be a good chmce asa supp|e- .

mental heat source for your home. In rural’
areas where firewood sources are plentiful
and inexpensive it could be the only heat .~

 source you need. However, it will take time
«and effort to gafher the wood ond tend fhe
" fire.

. Inefficient wood- burnmg equupment

_canbea 5|gn1f|cont source of air pollution. -

Give preference to products that have been -

' cerhﬁed as meeting the U.S. Envnronmentol :
Proiechon Agency (EPA) or Concdlon CSA- .

B415 Emission Standards.
‘Stoves that burn pellets monufocfured

“from wood or agricultural crop residues are .

increasing in popularity. While these heafing.
systems are more efficient than the conven:

_ honol wood-burning varlety, |ong term

reosonobly-pnced fuel supplles canbe .

hard to fmd

I TIP- o
Talk w:th an insurance agent fo see if

‘msfallmg wood- burnmg equipment will
. affect the cost of yoyr home insurance
" policy. Look for salespeople and installers
that are certified under the Wood Energy
Technical Training (WETT) program. =
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- HEATING OPTIONS

" Once you- have made a decision
about what kind of énergy source
to use, choose a heating unitand ™
distribution sysfem that works best
for your home. .

Verify that a heat loss’ caleulation

will be done for your home to ensure
that a properly-sized heating system
is installed. A common mistake is fo
-specify an over-sized heating system.
This can result in significant comfort
problems '

I Ti p -

B Your builder should use the CSA
“Standard F280 “Determining the
Required Capacity of Residential
Space Heating.and Cooling -
'Apphances Ask for d copy of
your home s heaf loss calculahon

There are three nwcxin categories o_f '

heating systems: forced air, radiant and |

basebocrd cthecﬁon systems.

e FORCED AIR svsrsms

with a furnace ...

Most new homes in Mcrmfobc are -
built with-forced- -dir. systems where air,”
heated by a furnace, is distributed -
through the home by ductwork. These
moderately priced systems can be -
fuelled by natural gas, electrlcny oil,
propane or even wood.

With a forced-air systen: 4
® itis easy to heat, cool, filter or

humldlfy air for'the entire home;

e the air can be qurckly wcrmed after

‘a temperature setback; and

» ductwork can double as part of the N ther Sl Buildings".

home’s ventilation system.

- Ductwork must be properly sized-
and the joints sealed for the system to .

circuit of underground prpmg

~ EFicient Nechanical Sugtems
_

) CONSIDER THE SPACE

'opercte at maximurn efﬁcnency Ask

your builder to follow “Residential Air
System Design Standards” published ~

by the Hedting, Refrigerating and Air- .

Conditioning_ Institute of Canada (HRAI),

' TIP )
“You may | have to adlust fhe air ﬂow :

fo each room for dlfferenf comforf
levéls. Adjust the balancing dampers

located in the basement ductwork or -

on the registers in each room.

| with a ground source

heat pump (GSHP) ...
A forced air system can use an
electric GSHP fo extract energy from

| the earth or groundwater to heat your.

home. Most of these systems can be"

1 adapted fo also provide hot water for -

washing; cleaning and cooking—or |

.| even heat hot tubs and swummmg pools'

A GSHP can:

o lower heahng costs by up.to 60%
‘compared fo conventional. electrlc
“heat,

* lower water heating costs by about
°50%, and o

o reduce air condmonlng costs by

"~ about 20%.° - . -

. But be prepared for high installation

costs. This type of system also requires a-
stable source of groundwater or enough
space on your lot-to accommodate a

I TI P S :
Ensure that the GSHP is des:gned
* and installed in accordance with

CSA Standard C445 “Design and .

_ Installation of Earth Energy Heaf '
Pump Systems for Residential and -

or with an lnfegrated space
| and water heater (ISWH) ....

.-Systems which .combine space and
water heating -are- becommg popular.
Some-are based on a space heating -

. boiler that:is adapted to also provide

domestic hot water. Others use a- .
‘storage tank water heater that provides

‘hot water for both domeshc needs cnd .
' spdce heating:

_An ISWH usuclly has a hlgher over-
cll efficiency than a separate furnace

. “and water heater, This fype of system is . :
| worth cons:dermg if you are planning -

to build & very energy-efficient home -
with a small to moderafe spuce hecxhng

" requrrement

... RADIANT HEATING
SYSTEMS

Radiant- hechng systems use electrlc »

ponels cables or hot water piping,
concealed by the ceiling or flcor, to
radiate warmth to objects, and surfaces

| in a room. These systems offer high
 comfort levels. Without supply or return’
- | grills.to contend wrth furniture arrong-'-

ing is more flexible.
‘Keep in mind that you will sl
require ductwork for a ventilation: -

system o circulate; filter and humidify -

fresh air, or'air-condiﬁon'your home.
ThlS makes o radmnt heahng system

more expensive to install-than a
: convenhoncl forced ~air sysfem

_ I---.'rlp

Ground . source heot pumps,
'- integrated space and water heaters,

“and radiant heating systems are not -

* common in Manitoba. Be sure fo
shop around for knowledgeable

. designers and installers. To avoid
disappaintment or costly mistakes,

always obtain references from fhe -

builder or contractor you are
considering.
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l Effu:uanr Mecnamcal Susrems
—

oo BASEBOARD :
CONVECﬂON SYSI’EMS

- Baseboard convection systems are
- long, slender units that aré typically

" installed under the windows of exterior

walls. Using an elécjric:elenieh} or
water heated by a natural gos, electric,
oil, or propane burner, cold air enters
the bottom of the unit and rises-out of
the top after being heated.. A significant
advqntage of these systems. is that they
~enable femperature control in your
" home on a room-by-room basis. A
major drawback is that baseboard -
heaters make furmture plccement
~ more restrictive. . =
Inexpensive electric e|ement bose-
board heaters are the most common .
“type in this category. However, their
high operating temperatures can heat
dust causing odour and indoor air
“pollution probléms. Hot water systems -
- operate at lower temperature ovondmg
“this. prob|em but are more expensive
“fo install and maintain. . ‘
" Ifyou are considefing a baseboard -
convection system, remember that you

* - will'also require ductwork for'a ventila-
tion system to circulate, filter and humid-’

ify fresh air or air-condition your home.

I TIP L

Specify wall-mounted,-electronic
line-voltage thermostats fo sense

- room femperatures when using base-
board convection heaters. Ordinary

.~ thermostats mounted on the heaters -
are not as accurate, and often
permit large temperature swings. -

|'» A LOOK AT AIR- -

CONDITIONING
SYSTEMS

Building o we||-desng-r-1éd,-'energ')"-"

efficient home will reduce or even
eliminate the need for air-condifioning
in our climate. Before you explore air
* conditioning options, refer to the 1st
fact sheet in this series,"Good reasons -
"o build... A Better Building Envelope.

Central air-condifioners are the-
popular choice for new homes. Be sure

‘that @ properly-snzed unit is installed
because bigger isn't better. It might be -

tempting to pick an over- suzed unit to
cool your home quickly, but the unit will -
do little to reduce the relative hymidity -

. level making your home feel “clammy”.

‘Ask your builder to size the unit

" using the CSA Standard F280

”Détermining the Required Capacify of

Residential Space Heating and Cooling

Appliances”. Properly sized equipment

| -will run continuously on hot, humid

days. This will significantly reduce’

| the relative humidity making your -~
_home more comfortable.. -

To minimize operuting costs:
* choose a central air condlhoner
‘with & minimum Seasonal Energy

" Efficiency Rating (SEER) of 10 or

beﬂer o .
To ‘minimize noise problems' '

.® locate the umt away from sensitive

_ areas such as bedroom windows - -
anddecks; and ,

* give preference to'models with
features such as extra sound -
1nsu|ohon or a quiet compressor

| -_'»A I.OOK A'I' HO'I'

WATER HEA‘I‘ING
SYS‘I‘EMS

|n most homes the water heater is

the second |argest consumer of energy
. next fo the space heahng system. By

choosing energy-efficient:

1 . ®-water heahng equxpment and ",

1 @ cpphonces (see.fact sheet #5 Inveshng

Energy-Efﬁc:ent Appllances)

- and mstallmg

 water-efficient. taps and showerheacls
- (see fact sheet #7- How to make...
~ Your Home Water Wise)

You will significantly reduce hot water

demand in your home and save money.
You can choose from two types of

“water heahng systems:

or

®an 'instar-\tane'ous tankless heqfe'r. ‘
The storage tank heater is the most
*_common choice, and is usually fuelled

by the same energy source (e.g. natural

*.gas, electricity, propane or oil) as the
-.Vspoce heahng system. .

. Use the following checklist to help
you choose a water heating system, and

ask your builder to follow the installation .

fips for maximum benefits:

" reduce st.u'nc'!b)" Iossés‘...' .

Confirm thot your water heater meets

‘or exceeds minimum energy efficiency -
lévels specified by CGA_ or CSA: -

Fuel Source ~  Standard. o
”nq‘t-urc.l'g‘as e
or propane - ‘CAN 1-4.1
Celectric . CAN/CSACI9N - |
1 ol . cAN/CsaB211

°q tank that heuts cnd stores’ the water :
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Dlnstoll hect traps where the water

" lines connect to the tank. This keeps

the hot water: in the msuloted tank

rather than in the piping unhl the

" hot water is needed

)lnsulate the first metre (3.3. Feet)
of plplng from the’ water heater

_ Size the Water
Heater Correctly...

) Use the monuFocturers guidelines
" to choose. a tank S|zed to meet the

needs of your famiily. If you are plon- '

ning fo include energy-efficient and
water-conserving appliances and

- fixtures in the home, your hot water

demand will be lower.

Efﬂmenr Mechamcal Sustems

'Locate the Water Heater :
Close to the Demand... :
"_.'Mlmmlze heat loss from the piping
" by locdting the hot water heater close
to the maijor hot water users in the -
. house {e.g. bathrooms, kltchen
B loundry room) B '

Set the Water Heater to
the. Correct Temperuture... :

. .Set ihe thermostat

- * on natural gas, ‘il and propone

' (122°F -131°F); and .

® on e|ectr|c units befween 55°C -
60°C. (]3'|°F-— ]40°F) ‘

Insulote flrst melre o

B_ (33feet) ofplplng,” _

install heat fraps

Set thermostat ot

correct temperature

' @"(.orfectly size tank -'-' ’

" Qptional additional tank .

insulotionwiop

Botiom insulafion
” (for electric fanks only) -

- water heaters between 50°C - 55°C ‘

'There is litle advantage o seﬂmg the
temperoture high. It wastes energy,

a serious threat to safefy from scalds.

I TIP
For nafural gas, o:/ or propane wafer .

. heaters, consider an induced-draft.or
direct-vent unit that exhausts directly
to' the outdoors through a horizontal -
vent. Thése models will improve-.

1 . efficiency and reduce the risk of

-combushon gas enfermg the home.

}A I.OOK AT
VENTILATION
SYSTEMS

-All new homes should have a prop- "
erly designed mechanical ventilation

| system to supply. fresh air and exhaust

stale air. Superior indoor air quohfy can
“be ochleved by a system that:

of the home,
® runs dt a conhnuous |ow |eve|

. exhousts air from high po"uhon areas
" le.g. bcthrooms kxtchen workshop,
" etel), :

o supplles oufdoor air af comfortablé "~
' temperofures to the living space, cmc| '

* has vorloble speed contro|

~ Air quchty in a home is also offecfed '
by the ‘construction materials used,.

| furnishings, filtration system, and so

forth. See fact vsheef #4_ in this series, B
The inside story... Indoor Air Quality,

', for more tips on this topic. -

" reduces the life of the tank and poses

‘* provides bo|onced_ air flow in ond out .
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o THE HEAT | RECOVERY
VENTILATOR (HRV)

Venhlohon sysfems that best meet.the

“criteria listed on the previous page use . -

a HRV. Thése systems remove stale air
from rooms in the house through duct--
work. In a-continuous flow, the stale air -

" passes through the HRV and is exhaust-
ed to the outdoors, as the ircoming

- fresh air from the cutdoors is warmed -

“and circulated through the house.

When a HRV is used in con|unchon

with"a forced air_system, the incoming
fresh outdoor air is ducted to the
furnoce The furnace fan is set to run

 continuously at a low speed to dlsfrlbute _

the air but can be switched ro hlgh

A O
N (old_uiﬁeturﬁdurt ‘ T~

Mouse retum gir-_*
‘ Buthroom.exhudsj:~

Kitchen exhaust '

4.
-"
.

" Fresh outdoor -
uir imd house

r.“4._————Smle exhnust ar

Heui Recovery
. Ventilator (HRV)

s Dryer vented directly
- Yo outdoors

Mixed warm air &
outdobr air fo house

if more ventilation is needed. For .
rochoni and baseboard convection. -
systems, an mdependent duchng system
is requrred to dlstnbute the outdoor air.

I TP . :

Ensure that your- bu:lder uses a.
mechanical contractor trained by

. the Heating Refrigeration & Air
Conditioning Institute.of Canada

CSA ‘Standard F-326 “Residential
- Mechanical Ventilation Systems”. The

sensible heat recovery efficiency. .-

speed either monuo"y or outomohco"y

(HRAI). Ask that the system meets. the

-HRV should have a minimum of. 656 :

eee CENTRAI. EXHAUST
SYSTEM ‘

A centrol exhoust system uses a
variable- speed fan to draw stale air

from rooms in the house into ductwork
that exhousts to the outdoors. An’ ouf-
side air mfoke, ‘connected to the return-
| i side of the furface, brings in the
| fresh air for distribufion to all-rooms.

The incoming air in this system-is

|"not preheated. This cah lead to comfort

problems mcklng it fempting to operate
the system less often.. This can result in

'| not enough ventilation to control mois-

ture, odour and other indoor pollutants.
~ Central exhaust systems cost less

to install but more to operate than a-

system with an HRV. Fortunately, they

¢an'be easily converted to a heat

recovery ventilator at a later date.

- wabimt
' EXHAUST FANS -

The léast expensive ond leost effec-

tive method to ventilate a new home is -

to use: inaividuol exhaust fans vented to
the outdoors in kitchens-and bathrooms. -
If you plani to use individual exhaust.

' _fons choose:

o models that operate quueﬂy (i.e. less:

_ thian 1.5 sone rating).
" And, ot least one fan on the Upper

: floor should be copoble of continuous,

low speed operation.

. Homes that only have mdnvnduol
exhoust fans for ventilation should have
an outdoor air intake connected to the

| return air duct of the forced-orr furnace.
1 This will ensure that some fresh air is

distributed to all rooms in %he house
when the furnoce operotes

TP
Use a fimer switch on bafhroom

_exhaust fans so that the fan can run -

for a while after a shower or baih .
o remove mo:sfure T
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I TIP _ ,
All venfilation systems require regular__ g

: mamtenance ‘Be sure to:
. clean or replace filters regularly,

e vdcuum exhaust fan. blades and -
gnlles '

L e check inlet and exhausf hood

*_openings for pbstruchons, and

@ lubricate ‘fan mé)fdrs periodically.

TIP . S

I A dehumidistat automatically- furns a
HRV to high speed if the relative
humldn‘y inside your home gets.too

high. This cantrol can*also be used fo |-
operate a central exhaust fan system -

or mdlwdual exhausf fans

'vvvvvvyvvvvvvv-a

GLOSSARY OF
~ CommoN |
- HeaTING/
 VENTILATING
TERMS -
BACKDRAFTING' '
o pofentially dungerous situation where combustion
gases from o furnace, boiler, water heater or fireplace

~ escape into the home ruther than flowing to the
outdoors via the chlmney

BTU PER HOUR: -
o unit of measure for sizing that capacity of heuhng

systems. One BTU (British Thermal Unit) is obout-equal

fo the amount of heat generated by burning a
common wood match.

Canadian Gos Association . -

P b ) . l.'CSA " ".‘ - ’ . :
_' (unudibn- Standards Assbciuﬁon' -

COMBUSTION EQUIPMENT’ _
heutmg equipment that burns a fuel with air fo pro-
duce heat {e.g. gos, onl propune wood coal, etc)

Cosmcmm OF PERFORMAN_CE
(COP):-

the ratio of iolul energy delivered by a heut pump Io

' tbe total energy consumed. -

lescr VENT'

'eqmpmem ylhuh draws combustion air directly from

the ouidoors vin a sealed duct and exhausts the -

by products of combustion fo the outdoors through. *

unother seu|ed vem

Domzsnc Hor WATER‘

hot water used for household purposes such as cook '

- ing, cleumng, showenng, elc.

DUC'I"WORK'

 round or redungulur tubing that is used o supply or -

- remove gir from the spaces in & home

EAR‘I’H ENERGY SYSTEM' "
another fome fora ground source heat pump

HEA‘I’ Loss CALCULATION.

deimled caleulations used to. determme the reqmred |
capacity of o heating system fo offset the heat lost
from a home during the coldest part of a typlcul ,

heutmg season.

HEAT TrAP:

~ asimple plpmg arrangement or device de5|gned fo.

prevent hot water from rising from a sioruge tunk

SONE'

- umt of Ioudness used fo rate how much noise an -

exhaust for generates (a fan rated at 2 sones miakes
- half the sound of one at 4 sones). -

STANDBY Loss:

" the beut lost by a hot water tunk und piping fo Ihe

surroundmg air.-

TON OF Cooum;~

 oterm used o describe the cooling copuclty of on air
“conditioner or heat pump. Destribes the coolmg effect

generated by the melting of one ton of ice ina”
24- bour perlod

For more information about
. effective and efficient heating .
and ventilation systems, contact: .

: * your builder or. heating and
_ ventilation contractor -
* Manitoba Hydro or
* . Winnipeg Hydro §
; o Centra Gas
“ e your Iocal propane, fuel oil ¢ or
: wood heahng deoler. .

“or the. -

Munltoba Energy and Mmes
Information Centre .. .
."1395 Ellice Avenue, Suite 360
Winnipeg, MB R3G 3P2
" Call 945-4154 in Winnipeg or
 toll-free throughout. Manitoba: at
+1-800-282-8069

. This Fact Sheet,was produced by the.
Manitoba Advanced House Project * -

' 12/_95 v

Hustrations: David Morrow lllust(aiion/ Desigri

.Resedrch & Co-ordination: "Appin Associates  Wordsmith: EnviroScribe Co.n'éuliing, Winnipeg ..

Design: Doowah Design Inc.
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. Many people spend.a.
- lot of their time.

indoors in northern
" climates. For most,

 this time is spent as
home. If our homes .

* have poor air qualzty
it can contribute to
our familys ill-health.
This fact sheet outlines
A * how indoor air

pollution can occur -
and laelps" you to take.
- some przzctzcal :

| aﬁbm’ab[e steps to

minimize exposure to-

common indoor
air pollutants.

"This is the 4th
in a series of nine
informative fact’

“'sheets about
energy-efficient,

environmentally.

' conscious options

. for new homes and

renovation projects.

é inside story... o

Joor le Uuallru

-

| >wuv IS INDOOR AR

- QUALITY' IMPOR’I‘AN'I"

Mcmy people are- concerned about outdoor 1
. air quality, but few realize that the air mdoors |
. may be more hazardous. - . o
.When the quality of dir inside o home is -

poor, it will have an effect on the health of
every living thing inside it—from humans fo
pets. Vulnerable people such as the elderly,

- the infirm and children are porhculorly at risk
. from chronic, low-level exposure to mdoor air .

ontammonts :
The way the body responds to ‘indoor air
pollutants is a function of the individual’s .
metabolic ability to tolerate or withstand the

effects of the irritant, or ¢ombination of.

irritants, that are present. These physical

responses can be lmmedlofe or develop over
1 a penod of time.

" 'P WHA‘I’ HEAI.'I'I-I EFFEC'I'S

.CAN BE PRODUCED’

- The medical profession is becomlng more
"aware of the range of possible health-effects -
from poor indoor air quality. Since many con-
* faminants enter the body through breathing, - |-

- physical symptoms often include respiratory
and flu-like condmons, as well as heodcches, :

dizziness, fohgue, skm d:sorders and' ofher _

problems

Exposure to contaminants can o|so cause -

indirect effects by making people vulnerable .-
to other diseases, aggravating ‘existing health.
- problems or causing increased sensitivity fo -

other enwronmentol condlhons

. There are a small percentage of people
_'who are extremely intolerant of hyper-sensi-
tive to pollutants, even at very low levels. The
_Canadian Housing Information Centre in
Ottawa (see last page) can provide more
' detailed indoor air quality information and
‘publications fo mdlwduals ond mechcol
' prcxchhoners '

} WHERE DO INDOOR AIR.~ '

. QUALITY POI.I.U'I‘ANTS
. COME FROM’

Indoor gir pollutonts arise from bnologlcol
and chemical sources within fhe home or

-‘From the outdoors. The most common’ types -
" are listed in the tab|e below

Sources o Common Iunoon AR Pouurmrs
BIOLOGICAL -

dust mltes
pollen g
onimal donder”
 bacteria -
~ fungi

CHEMI(AL GASES AD PARTI(ULATES

corbon dmxnde (CO’) and odours from occupunts '

combushon gos splllage from furnaces, woter heuters ranges
C und flreplaces -

. goses releused from buddmg materials, fumiture, fabncs floor
coverings, carpets, paints and coulkmg as they dry, or age

guses from cleumng products pesficides & hobby supphes )

ozone from electncal equipment

' . vupours from hulrspruy, perfume und other personul core products

* radon and othersorl guses S

'Chemlcal air pollufants L
1. eg. solvents and c/eaners =




» THE ROLE OF
HUMIDITY

: Humndlty is the most common mdoor
air quality problem, parficularly in new
homes for the first few years as con-
struction materials dry. If the humidity is

too high, it can produce conditions that

favour the growth of mou|ds cnd Fungl

/

Damp basemenfs are a common
source 6f mould-and fungi problems -

“On the other hand, low Rﬁmidity'cen _

dry the mucus membranes and irritate
the respiratory system. It is quite accept-
able to. use humidifiers to eliminate dry
conditions, but remember to maintain
them properly and clean them regularly
to prevent bacterial growth. Never vent-

a clothes dryer indoors, especially nat-  {

ural gas and propane models.

" Health Canada recommends thiat the
relative humidity inside-homes be main-
tained betweeri 30% and 80% in the
summer, and 30% to 55% in winter. The
easiest and most efficient way fo mom
tor indoor humidity levels is with an
electronic hygrometer. These devices
can be purchosed from home electron-
ics stores for under $50. Make sure.the
model you choose has an-accuracy
rating of £5% relative humidity or
better. This information will be - printed
on the back of the package

{E o By

If you need to correct a humldlty
problem, contact the Manitoba Energy
& Mines Information Centre'in
Winnipeg (see last page) or a heating

and ventilation specialist, for advice. -

» HOW TO AVOID
INDOOR AIR
POLLUTION
PROBLEMS

" «eo FROM EXTERNAL AIR
POLLUTION SOURCES

Avond sites close to or downWmd
from known externc:l sources of
pollution such as: '

o high traffic zones, ro||wcys or.
_airports,

. landﬁll sltes and/or

- o factories o busmesses that generote

fumes such as dry cleaners or gas -
stations.

Smoke from nearby wood burnmg

'chlmneys can also be a nuisance under |

cerfain weather conditions..Locate out-
door air intakes away from the neigh-
bors dnveway and exhoust vents.

Many indoor pollutanfs are from
exferna/ sources

“ If you choose a rural site for'your

' home,' remember that seasonal agricul-. .
| tural activities (e.g: dust; polléen; pesti- _
cide drift) may cause reactions. Choose < - -

a freed site, plant shelter belts, or

_wddhfe corridors to mlnlmlze your. .
exposure to these kmcls oF contcmlncnts

" ... FROM enounp -

'WATER SOURCES

‘Avoid sites. that are' )

.. poorly drcuned or. S

* have a hlgh wcter table.

f your site hcs these characterlshcs

ensure that your builder pays extra

atfention to damproofing and drainage

| or you may end up with a wet base-
ment, and mould and mlldew problems '

voo FROM INTERNAI. SOURCES

'choose building mutenals cmd

new furnishings wisely ... .

" Request low-emission building mate- -

rials in your building specifications. For )

example, ask your contractor.to:

‘».use water-based paints on interior
- surfaces that meet or exceed the
. Environment Canada Envnronmentol

" Choice standards (Ecol.ogo) for -

emlssmns

"L'o'.c}l(. for EcoLoge-dpprovedi paint’ B




. opply water-based Hoor odheswes

or a product that does not contain

~ volatile. orgomc compounds (VOC s)

ond

. ®use water-based or VOC free seohng

products to cover any exposed edges

 of particleboard in kitchen cup-

boords or bafhroom vonmes S

”AND CONSIDER

INVES'I'ING IN...

o carpets.that have been monufoctured |

« without glues or underpads, or
" natural fibre broadloom such as -

wool which has not been as chemn- '

. cally pre-treated as man*made fibres,

T e ncﬂurol flbre coh‘on or woo| area

rugs

« hard surface floormg such as: hard- .
* wood, ceramic tile or cork for high
. traffic areas and bedrooms and

o kitchen cublnets made from wood

products that are formoldehyde Free.

TIP

The R-2000 Home Program now - -

requires builders to make more use

. of materials with recycled content -

- _and/or reduced emission levels. For :‘

a complete lisf of R-2000 building

" features, contact the Manitoba:

Energy & Mines Information Centre

" (seé last page).
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Select carpets, paint and other construc—
~tion marenal that emit fewer pollutanfs

Indoor Air Qual
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_PAY ATTENTION TO THE

VENTILATION SYSTEM ... .

Insist that the ventilation 'system' is
_ designed-and installed in accordance

with the CSA Standard “F326~
Residential Mechanical Venh|_ahon

* Systems”. This will ensure that your . |
home has an effective ventilation sys- |
‘tem to.exhaust stale, moist air and '
. distribute fresh, outdoor air through

out your Bome

Choose a venhlohon sysfem contrac-
tor'who has been trained and cerfi-

. fied by.the Heating, Refrlgercmon
- and Air Conditioning Institute of
Conodo (HRAI). .

Tnstall return air ducts in bedroom
closets to draw air through.clothing. -

and ‘vent irritants such as perfume, -

cigarette smoke or dry cleaning sol--

vents-from the fibres. Consider vent-
~inga “hobby room” separately from
" the rest of the house, to remove . .

fumes

To trap ﬁne parhcles in the ductwork

replace o standaird disposable fur-: . -
* nace filter with a"pleated or ‘extended
- ‘surface dnsposoble filter. .

For greater perFormcmce, tolk fo your‘
* contractor about msto"mg an e|ectro- :
" stdfic air cleaner. :

Ask For cleor written. mformohon on

“how to operate and momfcun the

venh|ohon system

Ensure that your confroctor is- fo||ow-
ing the current Manitoba Building
Code concerning radon reduction
measures; or have the house tested"

" for radon levels by a professional. -
" Obtain a copy of “Radon: An Interim

Guide for Manitoba Homeowners

_from Manitoba Environment. Call

© 945-4422 in Winnipeg or toll-free- _
‘ hroughout Monltobo atl 800 282
4 8069 -

Be alert fo spt”age of combushon gases

into the home from.the furnace, water
_heater, wood stove or fireplace -

it
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Use pleafed or extena’ed
surface disposable furnace
 filters to frap more dust




. Affer construction, have the furnace
ductwork professlonclly cleaned to
~ remove trcpped dust, dlrt and debris.

. AND MODIFY YOUR

AHOUSEKEEPING ROUTINE e

_ eInstall a central vgcuum‘system thcut.'
. exhausts to the outdoors. Conven:
* tional canister and upright vacuums:
stir up biological ¢ontaminants which
“can be wntahng fo people with sensi-
tivities.

- Aveid oérbsol produéts that spray a

* mist of minute chemical parhc|es info

the air. These droplets can be easily.
. inhaled and enter the. bloodsfream
through fhe lungs.

Slmpllfy your clecnmg routine. You'd

. be surprised to see how well alitle . |

* dish soap or soft cleanser can clean,
or how vinegar and water mckes
‘ -wmdows sparkle! -

.Do not use chemlccl air f'resheners
- that mask odours. A dish of vinegar

in a room works wbnders to absorb

smells, and a simmering pan of cin-
- namon and water on the stove,
. makes a fernflc potpourrll n

. cmmomo when clecmlng

‘ D"L'_OCA'I'E A .
KNOWLEDGEABLE
_PROFESSIONAL |

" Be sure fo work. with a firm thaf takes

' ',your concerns about mdoor air quahry ‘

'-serlousfy Slnce thls is an emergmg '

' field, it may be a bit challenging to find
~ a:designer or builder with knowledge
-+ about indoor air ‘quality issues and the

" bu1|d|ng practices that can minimize the

efFect;. _

Subshtute lemon | juice or vmegur for :

Indoor Air Qualify

“ Your best bet is to contact builders

| that are registered with the Manitoba

R-2000 Home Program, and heating

" | .and ventilation contractors that have

received Re5|denha| Mechcnlcol

' Ventilation System Installation fraining -
through the Heating, Refrigeration and

Air Conditioning Institute oF Canada .

:.(HRAI)

vvvvvvvivvinv
CommoN INDOOR
AIR QUALmr TERMS

Comsusnon Gases:
the by-products resulting from the burning of
- notural gas, propane, oil or wood. -

ELECTROSTATIC AIR CLEANER:
“an electronically operated filter device
used 1o remove dust and other
airborne particles from the air.*

.EXFILTRATION: _ -

air that leaks from inside o home fo the outdoors. -

INFILTRATION' _
air Ihui leaks from the outdoors mto a home

REI.ATIVE Hummmr-
the actual amount of moistire in air ot o

 given temperature compared fo the maximum.

- omount it could retain. The ratio is-
"  exprossed.osopercentoge. S

: ~ VENTILATION: - ,
 the supply of fresh outdoor air and removal
 of stale indoor ir from 0.home by
natural o mechomcol means. '

) VOU-\'IILE ORrGANIC COMPOUNDS (V.0.C. )

carbon containing chemical compouinds; from glues,
s_olyen_ls, paints, plastics, pressed wood products, efc,
 that enter the air and can cause health problems.

For more mf-ormahon about_ :

.indoor air quality issues,
" contack:
Canadian Housing
Information Centre

Canada Housing and
" Mortgage Corporation *
. - 700 Montreal Road
" Oﬂawq, ON KiA 0P7

or ihe

: Mamtoba Energy and Mmes

‘Information Centre
1395 Ellice Avenue, Suite 360 .
- Winnipeg, MB R3G'3P2

" Call 945-4154 in Winnipeg or
toll-free throughouf Manitoba at

: —800—282—8069

" This Fact Sheet was produced by the '
Mamtoba Advanced House Project

12/95

Design: D'o'éwdh'De,sign Inc.
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Research & Co-ordination: A.ppin'-Associqtea Wordsmith: Envirosor}be Consulting, Winnipeg




IR ALAAMAAAS
Major applzances in.
“the kitchen, laundry .

. . and wtility room .
- use 10 to 15% df the

. energy consumed

in the home. This |
fact sheet will |

belp you select rnew

“energy-efficient

appliances and

use them more

wisely in the future.

' This is the 5th

in a series of nine

" informative fact
" sheets about
energy-efficient,

environmentally

. conscious options |
' for new homes and |

" renovation projects.

nvestmg 1n...

_ this hidden price fag and
save on future uhllfy bills, by

- efficient model that
. suits their needs.

- redesigned, rectangular,
‘black & white EnerGuide

sold in, Canada.

") ONE APPLIANCE:
' TWO PRICE TAGS

The purchose price facfors info every new | -

apphcmce decision. But we offen forget cbout'
- :the.money that will be spent to opérate it,
during the |ong fime that we own it. Tl'us can

be significant. - :
*The operating costs of a m0|or upphance

' can exceed the original price that was pcld

A wise consuimer will minimize .

choosing the most energy-

» COMPARISON N
SI'IOPPING MADE EASY

eee WITH THE NEW
* ENERGUIDE MBEL

Compcrmg the
energy- efficiency of-
opphonces has never
been easier. Look for the

label on new appliances

‘Consider mixing brands of
" appliances for maximum

|n addmon fo provndlng the cnnucnl energy’ |
* consumption for the product, the’ label now -+
-provides a scale which identifies how the -
- appliance performs in.comparison to other -

models of comparable type and size. -

: X Choose models with the lowest annual

energy consumphon rahng to obtaln fhe
: greotest long- term savmgs

' ..._.,w"m po_Wm SMART

| AND ECOLOGO LABELS

Also watch for the Power Smart and
Ecologo labels on new appliances. These
|abels identify the top energy-efficient per-
formers ini each category of appliance.
"If the appliance showroom seemis *

"iting the store. Consult the EnerGuide
Dlrectory for the energy consumphon )

Canada. For a copy, contact.
Manitoba Hydrg,
Winnipeg Hydro’

orthe -

Bogghng, ‘do some homework before vis-

Manitoba
. _Energy &
. "Mines - -

Information Centre. -
“Take this fact sheet -
with you when you shop; -

- energy savings.

\ "Contact your elec-

- tric or gas utility for
further assistance

| -about energy-"

\ efficient appliance .-
-\ features.

 rafings of all major appliances sold in -

g
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4 CI-IOOSING KI'I'CI'IEN
APPI.IANCES '

eee THE REFRIGERATOR

Bunldmg desngn notes ...

Ask your contractor or kltchen
designer to-locate the refngerotor '
e away from direct sunllght dishwash-

ers, ranges “and hedfing ducts, and

. c|ose to counters to help minimize
door opening time. . _
There needs fo be sufﬁcnenf air

circulation around a refrigerator for it. -

to operate efficiently. Check the size of
the planned enclosure against the fridge
manufacturer’s recommendations to
ensure the required c|eoronce is
provxdecl '

Prepare for shopping ...

Use these guidelines to pick the rlght '

size of refngerotor for your famlly

S:ze oF Househo|d .

Refngerofor ~ " Capacity .
1-2 people : 12 cu. bt
3-4people T 14-17cu.ft.

Add 2 cu.ft. for each addifiorial persor; _

* People are most familiar with refriger-
ators that have a top-mounted freezer.
These appliances.are moderately priced,
come in.a wide variety of sizes, and
offer more features than other types of
refngerotors Some ¢ energy- -efficient
models reverse the order. The rangerotor

is put at eye level to minimize bending, -

and the Freezer is put on the boh‘om

I TIP '-

Slde -by- snde models allow you o put

| the items ySu use most often af eye - -
level. With a slightly larger freezer than. |

the top- -mounted style, this sfyle of -

| refrigerator costs more to purchase ond
‘| operate, especially if you want an ice -

and-water dispenser. :
Listen to different models operahng

before you buy. Some new refr:gerotors :

are noisier thon the old ones, which -
could prove to’ be onnoymg once it'is in
your home :

‘and make furfher

Iong-term savings ...

- @ The refrigerator should operofe at -
* 3°C {37°F) and the freezer at -18°C

(0°F); use an‘accuraté refrigerator
. thermometer to determine each tem-

| . perature and adjust the- cooling ¢ con-
* frols ‘accordingly.

* Some refrigerators have an enérgy
saver switch to control condensation;
consult your owner’s monuol on its,

_proper use.

. ‘C|ecm the coolmg c0||s and the evap-
* oration tray under the fridge every 6
months. ©

o Defrost manual reFrigerotors when the |

frost on the freezer compartment -
~ walls accumulates to about- 1/4 oF an
. mch of more. -

Plannmg to dispose of an old fndge
" or freézer that contains CFC's?

Landfills in Manitoba will no Ionger '

" accept these apphances unless they .
bear a sticker, applied by a qualified,

. refrigeration or cooling expert, that |

: venfles it is CFC- free. For more infor-
mation, contaclL the Montfoba Ozone
Protection Inclusfry Assoc:ahon in

-Winnipég, at 338-0804.

...FREEZER

Prepare for shoppmg -
The |orger the freezer the more -

energy is consumed. Gear freezer -

capacity to the number of people in.

per person, -
" Chst freezers are more efﬁaenf thon
uprlghi models: Buy the most energy- -
efficient model to minimize the hldden '
pnce tag over time.

Keep the freezer in a cool, mdoor

| room and allow 2 - 3 inches of -

clearance around it for adequate air -
circu|_cx_ﬁon.‘Do:not keep" the freezer in
an unheated ‘area such as a porch or -
garage..The compressor could become
'domoged :

' und make further"
long-term savings ... = -
* Operate the freezer at -18°C.

» Defrost the freezer twice a year for -
- best results o

TIP :

Are you losing energy fhrough a

‘poor reFrlgerator or freezer door
Cseal?

Open the door and place a $2 OO

bill across the edge or face of the

appliance. If the bill pulls out easily -
_ when the door is closed, the door

.

ket replaced

Another mefhod to check @ door seal
appliance. Close the door and turn’

'from w:fhm fhe seol Is poor

your family. A||ow 4.5 cl. f'r of space

 needs to be adjusted ¢ or the door gas- o

is by placing a it flashlight insicle fhe :

off the room light. If you see light - -




" .. THE RANGE ‘
.Bunldmg design’ notes vos -
" Consider a natural gas rough-in’
" package for the kitchen, even if you
"intend to use an’electric range. For -
about a $200 investment it makes a
switch fo gas easier in the future, and
becomes an added feature when. sellmg
‘your home. o
Al kitchen odours, mioisture and
other pollutanits require ample ventilation
fo minimize indoor air polluhon For
‘more information about reducing
- sources of indoor air pollution, consult |
fact sheet #4 in this series, .The inside

story... Indoor Air Quahly, for more tips -

‘on this topic.

Prepare for shopplng oo’
If you've ever wondered about the
differences between nuturol gas and.
eleciric cookmg, here are some Features
of both. :
" Compared o a natural gas range, an
energy—efﬁcnent electric range: -
o is |ess expensive to purchase but costs
more to operate,

o i8 less likely to need repcurs
e has burners that.will bring large pots'
. of liquid to a boil more quickly, dnd
e is available in a sleek smoothiop
design.
However;
.t does not respond as qunckly as gas

- and does not have as precuse temper- _

ature control, cnd

* it poses a greater risk of burns From
“accideritally touching hot surfaces. -

8 SEHEI ﬂll Effic_iem HD‘I]'“ﬂH.EElS

" On the other hdnd the new natural. -

gas range has :mprovemenis over older

'_models

o the electronic |gn|hon hos rep|c|ced
the pilot light, - Ll ,

* sealed burners are much easier fo
clecm and - '

® oven capocmes have mcrecsed
Optional elecfronic time and temper-

ature controls on electric and gas-ranges

make cookmg more precise. But remem-

ber: the more complex the operating, *

_technology, the higher the | repclr b||| af

breaks. down

I TIP - -

' If you are debating whether to pur-
chase a self-cleaning oven, consider
that this feature. costs loss to operate

- than purchasing chemical cleaners.

and make further -

long-term savings...

'® When cooking’small amounts of Food

_ use the mlcrowcve tooster oven or.
slow cooker. '

" e An electric ketﬂe saves 50% of %he ,
energy needed fo boil water on the |

stove

" Activate the self -cleaning Feature

" while the oven is hot after cooking -
rather than-when the oven is cool.”™

... A DISHWASHER

. Prepare for shopping ...

" Most of the-energy consumed by -

| dishwashers goes into heating the water.. -

Be sure fo choose a model that’ has a .

low EnerGu:de rating and:
- » includes a short ¢ycle or “econo -

wash” feature and air-dry ophon

- has a booster heuter or “sani” seﬂmg

fo raise the water temperature apart -
‘from the hot water heater, and

» has adjustable racks to accommodate
Fuller loads, and o

e requires less detergent for dlsh

washing.
Many efficient dishwashers operote

. very qweﬂy, whlch Is a great feature For:
" open-plan homes. Visit a dealer with

functional display models-to compare
noise Ievels '

’ and mdl_('e fui'thér" -
long-term savings... ,
- ® Wash dishes only when you hove a.

Fu" load:

* Rinse dishes soon after ecmng and use
* the dishwasher’s short econo”. cycle T

for clecnmg
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s Energy Efflr:lenr prlmnces

» CHOOSING LAUNDRY
ROOM APPLIANCES
" eee THE WAS""NG MAC""NE

Prepare for shopping ... ' ‘
Clothes washers get a lot of use,

adding up o high operating costs over -

he lifetime of the appliance. Plck.q
mnodel that has a low EnerGuide rating

and- offers_ energy-saving feot'ures_such ,

as: -
e cold wash and rinse cycles,
. cd|ustab|e water levels, and

* a “Suds Saver” cycle to conserye
“water, energy and detergent.

TIP

Look for more fronf loading
‘(horizontal axis) washing machines
in Canada soon. This very energy-
efficient style of washing machine -
has been popular in Europe for
years. If uses less water, spins faster

to reduce drying time and is said fo

be easier on clothes.

and make further -

long-term savings...

» Always use the cold water rinse cycle
unless the garment care label says
otherwise.’

o Remember fo lower the wclter |eve|
sefting for small loads.

... A CLOTHES DRYER o

Building design notes ...."

The dryer can be a source of indoor -

air pollution and moisture; always vent
it to the oufS|de

the laundry room:

onsnder these hps when desngmng |

Do:

- ® Locate the dryer on an oufsnde

- wall o reduce the amount of
ductwork needed

e Use mefol ductwork w1th as Few AN

elbows as possible.

‘. Choose an exhaust outlet wnh
a damper.

* Consider odding a clothes dryer

hook-up t6 your natural gcs rough- |n.

pcckoge
Donot:

* Locate the exhaust under a window

or overhong, or where condensation . |
or dripping can create an ice hczord
' |n ‘winter.’

o Usé flexible plastic duchng which can
collectlint and i increases the- nsk of
fire. '

Prepore for shoppmg

The clothes dryer is a long-term
investment. Choose a-mode! that offers
energy-saving features such as:

* sensors that furn off the dryer when

‘the- clothes are dry, and, |

g “cool- down” or perma-press cycle

fhot shuts off the heat before the end |

of the cycle.

" Pick an-electric model with alow
EnerGutde rating, or look for a gas
dryer that would cost much less to

operate but may cost slightly more to.

purchase and install. . -

| and n'rdlee. furﬂier

long-term savings.....

~ |- ® Dryclothes in consecutive loads to -

utilize the retained heat eFfeeﬁvely '

» Clean the lint filter before every load. -
. Clean the exhaust hose, vent pipe,
" hood, damper and exhaust port twice
_a year for optimum pérformance and

o reduced risk of fire.

* Make a conscious decision to dry
clothes outdoors on a clothesline, in
spring, summer and fall.

ey

.. Fer more‘information aboul'

' choosmg and using -
energy-efficient

-appliances, contacl" v

®an cppllance dealer or retoller
" e your builder or contractor
* Manitoba Hydro or -
Winnipeg Hydro
" Centra'Gas
orthe ~
" Manitoba Energy and Mines -
Information Centre

1395 Ellice Avenue, Suite 360
B Winnipeg, MB R3G 3P2

Call 945-4154 in Wlnnlpeg or
- tol|-free throughout Manitoba at -
1-800-282-8069 -

This F_ud Sheet was produced by the
" Manitoba Advanced House Project

12/95 .

Designi Doowah Design‘ Inc.

Hustrations: David Morrow- llustration/Design

Research & Co-ordination: Appin Associates ~ Wordsmith: EnviroScribe Coneulfing, Winnipeg
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Lighting is often -

" neglected in. home .

a'eszgn A little extra

planning can pay

“big dividends and

: -mbdnce the comfort,

appearance and .

i ;cafét_)l of your home.

-This ﬁzct sheet |

' j)rovzde: some advzce E

about how to cbaose

cjﬁczent lights, ﬁxture.\' :
- and controls thar will |,

reduce your electricity

bzlls and the impact

on the enwronment, 1.

- This is the 6th
in a series of nine j
* informative fact

~ sheets about -
. energy-efficient,
environmentally’

conscious options

_for new homes and -

-renovation projects.

~ long. Keep this bulb for
general illumination and -
" task lights that are used

;'-) BASIC I.IGI'I'I'ING 'I'IPS

Indoor hght has an effect on our efmotional

' “well being, porhcularly during the darkness of

winter. A well-designed fighting system

. ‘combines ample natural light from windows

orskylights, with energy-efﬁcneni ||ghhng o
technologies.

Notice how you respond to- mdoor hghhng _
" Somé kinds of arfificial light may feel warm'

and pleasing, while others may irritate you.

of:

o general /lghtmg that is dlffused or mdtrect

illumination. for a large area or room,

o concentrated task lighting for close work or :
A octlvmes such as cooking or reodlng, and -
 accent Ilghflng to hlghhght oblects and |

SUFFOCGS )

~ When shopping for lights, toke fime to .
make decisions. Ask a lighting specialist to

help'you create a pleasant environment with

the right balance of fight sources. ‘Check out 4

. lighting ‘catalogues at the store, to see energy-
efficient fixtures thet aren't on display. o

A vdriety of energy-sovmg lighting products
“are described in this fact sheet. Use this for
. reference when you talk to your builder, or
|- take it with you to the store

Oy CHOOSE THE mom |

LIGHT SOURCE =
Become familiar with the lorge assortment
of light bulbs and fixtures on tbe mo_rk'et.-" :

' Incandescent bulbs - C
- The ordinary mcandescent fight bulb moy h

- be inexpensive fo pur- '
- chase, but it isn't energy- '

efficient and it doesn't last

less than 4 hours a day.

The llghts in your home serve the purpose -

Wnen buymg jncondescent bulbs, look for: .
. rreduced wattage 34, 52, and 90 wat
- bulbs to.replace 40, 60 and 100 watt

bulbs without a nohceoble reductlon
in llght L '

I TI P : : .
‘long- hfe’ or extena'ed life’ mcandescent
“bulbs use the samie amount of energy as

. ' standard bulbs. They last longer because

they emit 30% less light. These producis can
. be used in lights that are hard to reach; but
‘a compact fluorescent bulb is the more
: energy-efflc:enf cho:ce

' Compact Fluorescent Bulbs

A compact fluorescent light bulb consumes

- up to 75% less energy than an incandescent

bulb and lasts up o 10
times longer. These ¢ ener: ,
y - gy-efficient products have
. a pleasing quality of light -

standard screw-in
incandescent bulbs,
- Compcct f|uorescent bulbs
~ range in price. between

$15 ond $25 Use these products in lights that =
.are used more than 4 hours a day to get the

best value for your investment. _
~ Keep these poirifs.in mind when purchosmg

 compact fluorescents:

A compact flucrescent bulb is shghtly |c|rger

- than an incandescent. Some lamps may
‘need an éxtended harp for the shade fo -
allow o compact ﬂuorescent tofit:

* Your lighting dealer might dlsploy only a-
few lighting ﬁxtures for compact fluorescent
-~ bulbs. You can choose from more styles IF
'you ask to see the manufacturers’ cata-
logues. Usually a. specnol order can be
crranged

and conveniently replace



éffﬁtie'nr'HﬂmeLiuhrinu?

“TIP
Because of Man/foba S cold winfers,’

compact flucrescent bulbs should nor 'v

be used in oufdoor fixtures.

Fluorejséent- Tubes _

* Fluorescent tubes have been- around
for whlle For good reason. Using' 60% .
. to 80% less energy

@ than’ mcondescent ‘
bulbs and lasting up fo
twenly fimes longer,
they are still consid-_
ered a good choice
. for valance lighting;
kitchen counter top - -
lighting; or for general
. illumination for exfend-

ed perlods of time. .
The deluxe warm white fluorescent -
ube produces more natura] and flatter- -
ing colour than the common cool-white
variety. Compare each type at the store
before you buy. ‘ :

The T-8' fluorescent tube ond elec- .
ronic ballast is another option. These
oroducts cost more, but produces even.
gréater energy savings cnd a pleasmg
quality of ||ght :

Halogen bulbs

Halogen bulbs produce a brlghf
clear light. They cost-
more to purchase than . ({
ncandescent bulbs, but, |\
will last fwo to four times
onger. . _

Use halogen bulbs in:

* task or accent lighting fixtures _
 desigfied especially for compact .
halogen bulbs, or -

* as a direct replacement in fixtures -
designed for incandescent flood and
spot light bulbs. ° e

'| » SAVE FURTHER WITH

llGHTlN_G CONTROLS .
Lighting controls can. be used around

the home fo creaté a certain mood or

improve security. These products can also

| help'to achreve ‘even further energy
. sovmgs

es INDOORS

. Dlmmers

" Save energy  and extend the life of -
incandescent bulbs wuth dlmmer swntches
Choose from SRR

* wall-mounted or plug in. models '

Look for the Power Smart or EcoLogo ‘

seal on the product label

m Tlmers

If you are gomg on vccahon or |ust

| out for the evening, use inexpensive light
timers for home security. Choose from

models that:

. plug info a wall outlet to conirol fable +

. or floor lamps, or

* replace a light switch with a permc- -
" nent timing dewce that has a variety

~of on/off seﬂmgs '

Delayed on/off swnches
and occupancy ‘sensors - _
I lights are left on in unoccupléd '

- rooms, replace the wall switch with:

* a delayed on/ off switch fo turn off the
lights after predefermmed period, or

* an occupancy sensor which turns on
the hghts in ihe presence of mohon

' Trlllght swm:hes

" Consider a fnllght when purchcsmg a
table or floor lamp with an incandescent
‘bulb. Instead of just an on/off switch,

| these lamps hcve high, medium, and |ow

||ght infensifies.

i AND oursrns

-Photocells

“A light- detechrmg photocell is common-

Iy used outdoors for convenience. It will
' turn a light on at dusk, and turn it off

with the sunrise in mormng

Mohon defectors

- The motion detector is another energy

saving control for outdoor hghhng

“|* Instead of leaving entrance or yard lights -
.on all night for security, this device turns -
| them on only: when achvoted by move-
| ment. : A

K For more energy-eff‘ cient
' Ilghhng information cmd
: ideas, confacl'

® your budder or
electrical confrador

* lighfing, electrical or
" home improvement centres -

"o Manitoba Hydro or
Winnipeg Hydro, -

‘or rhe

| Mamfobu Energy and Mines =

. Information Centre
1395 Ellice Avenue, Suite 360 -
anpeg MB R3G 3P2

. Call 945-4154 in \Mnmpeg or
. folkree throughout Manitoba ot
]—800*282%8(_),69
~ This Fe;l Sheet was pro&uced by.'ti'le -
quitebq'Advehced House Project ._ . :

- 12/95

. :'Res'earcr\ & Co-ordination: Appin Associotes Worc.ismvifh:.Envi_roScribe Consulting, Winnipeg - llustrations: David Morrow lustration/Design ] Design: Doowah Der'ig_rl Inc.
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 Whether you planto .

purchase a new home’

or renovate an-old one,

- it. makés economic |
" and environmental
serise to use water

efficiently. This fact

sheet outliné.% the need

for domestzc water

conservation and

zdentgﬁes where 1
savings can be made, . .
. easily and qﬂéctz'vely._

Thxs is the 7th

.in a series of nine

- informative fact
- . sheets about

energy—efﬁcxent, _

envu'onmentally
- conscious options
for new homes and
renovation projects.

Your Hume

“-grows. With this.demand, the -
' cost of water cnd sewage -’ '

' development of new,
_areas and the mainte-
~ nance and upgrading of
 existing service. '

. reduce water use, lessen
the. impact on the environ-

" quality, reliability or convenience. For
- most homes, the majority of water is used

B 'consumed in.a typlccl household."
“can be tcllored to fit o any bud

e water- efFICIent ﬁxtures

%"‘-"How’to make...'.; "

Wﬂle[w ise

"-As the 1990's progress, Manitobans dre
developmg a new ah‘ltude towords our natur-

- cl resources.

Water has always been perce;,ved fo be
_p|enhfu| but it is limited. The water supply is
at or'near capacﬂy in many’ communmes In’
others, underground aquifers can not replen---
ish themselves in proportion with the demcnd
while some water-supplies have been found -
fo be contaminated and unflt For o

: consumphon

-~ Still, the demend for water  -

trectment services
increase with the -

There are a'lot of |
things you can dao to

ment, and save on wcuter, 4
sewer and even energy - % :
bills—without compromlsmg

indoors (over 90% on average). The dia-
gram on this page shows where water is

- A home water conservation strufegy

get: -

................
Ree

and appliances, can be
~‘selected when bwldmg or
‘rénovating, A
« inefficient fixtures can be modified or
replaced, and o

e water-wcshng habits can be chcnged'

* Keep it handy for quick reference, cmd tcuke it
- with you when you shop

| »A HOMEOWNERS

. (ULF) Toilets -

To help you moke mformed decisions, use ..
this brief guide to home water conservation.

‘GUIDE TO WATER
EFF'C'ENT PRODUCTS
Install Ultra-Low Flush i

Ultra-low flush or “ULF’ toilets use a

=9 - maximum of 6 litres of water per :
' flush without sacrificing perfor- =~

‘rnan‘ce ‘Ordinary toilets use °
\ 15 to 25 litres per flush.
\ ° Insist that your builder -
or plumbing contractor
install CSA- approved

" Washing Machine
: 18% :

ULF toilets.

[ o The selechon of ufford
able brands and styles of

" ultra-low flush tollefs is con-. -

stanﬂy |mprovmg A

I TI P o
Buyer beware! Double-
check toilet water ratings
.before you buy. Some models-
" described as “water conserv-
‘ing”, “water-efficient” or “low-

" flush” are not as warerefﬁc:ent as -

v ulfra-low flush models.

e Modlfy Existing Toilets
_ Water displacenierit devices are
»@_" ot as effective as ULF's but are -
= an economical way to reduce
‘wafer ‘consumption with conventional -
foilets. Ranging in pnce from $10to $25

_ choose from: -

'Indoor water use by resrdenhol single-family.
homes and apartments, based on a Wcrdrop/

‘ TetrES siudy for the Cny of Wlnnlpeg, 1992



L Yo Home Wt wi'se:i‘ '

. toilet fcnk ddn"i's;,
o dual-flush levers thcf provide a fu“ or.
partial ﬂush or - :

o early -closure Happer valves.

T 1 P o
Over time, a silent /eak through the

toilet flapper valve can waste large

volumes of water. Place foilet tank -

dye tablets or a few drops of food

colouring in the toilet tank. Wait a

while. If colour is found in the bowl -
* before flushing, check for leaks and
: repair. prompf]y

Use Wclter-Savmg Showerheads
New water-efficient showerheads are

“a-good invé_sfméhf_. Look_ for models that

are rated 11 litres/minute or less.” '

‘Models bearing the Ecologo provide .

even greater savings at 9.5 ||tre/m|nute
or less. :
price from $10 to $30. Products are
available with spray patterns that vary
from wide and soft to narrow ‘and invig-
orating. Keep your showers short!’

T - _

Heré’s how fo iudge a wafer-wasfing
shower: '
Turn the tap on fu”y Achvafe the
shower. Quickly place a 2 litre'milk -
carton under the showerhead. If fhe
carton is full in 8 seconds or less, -
you need a water-saving shower-

“head! -

Install Water-Saving
Faucets & Aerators’ :
- In the kitchen and bcfhroom save
wcter by:. .
R purchasmg new water-savmg ﬁxtures
or
- replacing gerators on exwhng foucets
for $5 - $10.
‘Models with flow rates of about 5 to
9 litres per minute will perform well cnd

Water-saving showerhecds range in -

| ‘#5, Invesfing in..

‘provide: substantial savmgs Save even
more by turning off the top while’ brush

_ mg your ieethl '

'|' P : '
"New to fhe markef are wafer-savmg

infrared on/off faucets that turn ..
on/shut off in the presence or . -
absence of an object. Although
. expensive, these products are parhc-
vlarly useful for people who have
difficulty graspmg faps.

Look for Waier-Conservmg and

Energy-Efficient Appliances’
Energy-efﬁcuent clothes and dish

washing appliances often use less water.

| Abways ask to see the EnerGuide or
Ecologo label to compare different

"brands and models to make the best

choice: -

For example, when purchclsmg a
new clothes washer, choose a water-.
wise model. Look for features such as: -

. édiusfcble water levels, and

* a “suds saver”. cycle that holds rinse

- water for the next wash.

" Front-loading tumble clothes wcshers
use 30% less water than the convenhon-

al top-foading siyle

Reduce dishwasher water use. by.

| choosing a model that has:

* a:short cycle or “econo wosh"
 feature, and '

e adjustable racks to occomodote fu"er
loads. - '
For.more informdﬁon, read f_dcf sheét

. Energy-Efficient.

Apphances S

‘Plan cmd Mamtam a

Water-Suvmg I.andscupe
Most of the water appliedto lcwns,

 gardens and flower beds is wasted

through ‘evaporation, runoff-or over-

watering in Spring 6r Summer '
Try these water- sdvmg lawn care tips

to reduce fhe need for Frequent watering:

. o Cut the grass |onger (abouf 75 mm or

3 inches.in height).

* Water early in the mornmg when the
- wind is light or in the evenmg, if -
E necessory :

* Place @ fin. can or rain gauge néear
_ the spnnk|er when watering. Move
the hose or turn oFf the tap when
-you've captured an inch of water. -

XeI'IXSCCIplng refers to water conser-

vation through creative landscaping - -
techniques. Whether designing a new

yard or-simply taking care of one, try.fo

Flt these tips into your plans and routine:

- Reduce thie amount of grass around
the yard and replace it with native

frees, shrubs; grasses, flowers, decks,

pahos and walkWays
. Apply mulch to flower beds, trees, -

“shrubs and the vegetable patch o

s|ow evaporchon

‘*.Use above ground or buned drlp

|rr|gahon systems

e Co”ect rcunwater ‘and wcfer with a '

watering can.

" "For more water saving
‘information and ideas,. -
“contact:’ ’

¢ your bu:lder or plumbmg contrador
. homt_a improvement centres
e gdrdenv"cehtfesA

orthe .

1 Muml'oba Energy und Mmes B

lnformahon Centre
1395 Ellice Avenue, Suite 360
Wmmpeg -MB R3G 3P2 :
* Call 945-4154 in Winnipeg or .
tfoll-free throughout Manitoba at
1-800-282-8069 - '

- This Fact Sheet was produced by the ‘
" -Manitoba Advanced House Project i

12/95 -

,lxDe'sign: Doowah Design Inc.

lustrations: David Mdrrow,l"ustréﬁor)/ Design

_ Research &lCo-ordinati:':n: Appin Associates  Wordsmith: EnviroScribe Consulﬁr’ug_;. Winnipeg
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- Many.of us once
“thought natural

" resources would last " |

Jorever and. laridfill
space was free.

That era is over and~
this fact sheet is"

- designed to belp you

reduce and wisely .
- dispose of the waste
 that is generated in .
your home. Much of

o yard waste.and food

waste can be

- composted. Much of
- paper and cardboard,

glass, metal and

| plastzc can be recycled :

: Thls is the 8th.

in a series of nine

informative fact -
sheets about -

energy—efﬁcnent,

' environmentally:
. conscious options -
_ for new homes and
‘renovation projects. |

» THE 'I'YPICAI.

_ HOUSEHOLD WASTE
PROFILE

s easner fo mcmoge wastes when y you

' ‘know what you generdte. These are the kmds
“of waste that the average home creates:

. Pﬁper & Cordboards
- B%

" Yord Woste |
- 18%

2% .
’ ' Food Woste -

In the nof-so- dlstcmt future, scarcity of

* resources, limited space for landfills and the -

cost of municipal solid waste ‘management .
will force us oll to reduce the waste we.

' genercte

‘) INCLUDE WASTE

MANAGEMENT IN ﬂls'
'KITCHEN DESIGN
P FOR RECYCI.'NG

. For convemence, include a recycling centre
in the kitchen. Kitchen manufacturers dre - =
- designing new styles all the time; be surefo” -

shop around.’
In small kntchens, a recycling chute saves

valuable- space. Materials are directed down -
" fo bins.in a basement storage closet below.

A recycling centre can dlso be put in‘a

| large closet or utility room near the kitchen.

" Kitchen cabinet to-basement recycling chute .©

PR R e



< Househl wasrendnagEmenr.' ‘

... FOR ORGANIC WASTE

Have an odour-free compost recepta-
le. Organic kitchen. scraps are

dropped through a hole in the counter-

op, to a compost pall in'a’ compcrtment

below. Insulate the receptacle and put a .

door on the outside wall, for outdoor -
emoval and emptying. -

If limited yard space prevents a
regular compost pile, see if the under-

sink cabinet can accommodate a small.

vermicompost bin for red earth worms.

. Under c':ounfer‘comvposf
~ storage system

oo AND REDUCE THE

VOLUME OF WASTE PICKED .

UP FOR DISPOSAI.

Be prepc:redI Asbag- ||m|t or user-

pay mumcnpal waste systems become -
the way of the future, trash compactors

and garbage disposers will help to .

the |cmdﬁ||

A built-in trash compactor reduces
the volume of non-recyclable waste

by 1/2 or more..

e A gclrbage dlsposer or gorburator

‘beneath the sink grinds food wastes

into finy bits before travelling to the

sewage treatment plant. (Note: Not :

recommended for sepfic systems.)

* Make a lifetinie commitment to solid
waste management. The information in

| this facts sheet shows how simple it can

be.

|» REDUCE SOLID AND
HAZARDOUS WASTE -

... THROUGH BETTER
PURCHASING HABITS

Start to reduce the waste you pro-

“duce by fo"owmg a few basrc ru|es
. when you shop

Do:
*.buy products fhat are:
- concentrated (e.g. laundry
" products, juice)
. - refillable (e g. enviro-
pocks) '
- bulk (e.g. splces dry
goods)
- minimally packaged
. {e.g: boxless tooth-
" poste) '

® purchase products that contfain
recycled material like:
toﬂet paper, tissue cnd
"paper towels ,
- green gorbage bags
- re-refined motor oil

~ * avoid harsh chemlcol products cnd
reduce the volume of wase you send to j '

use less toxic c[eaners such as:~
.- baking soda, ‘washing soda, borax -
- - vinegar of lemon juice.
blodegrcdable soap
- hydrogen peroxide crs a bleoch
~dlternative

* take your own reusable
~ shopping bags or boxes to
the sfore ‘

'Don’r' |
e buy single- servmg Foods cnd

: beverages

»,I,ﬂp o R
| Sharpen your shopplng skr//s’ The .

Enwronmenfa/ly-Fnend/y Grocery -
' Challenge teaches consumers fo-
“make wise enwronmenfa/ choices
when shopping. The program is- .
available to all Manitobans. Call -

the Manitoba Associafion of Home -

. Economists in Winnipeg at -
784-1272, or your reglonal
Manitoba Agricultural Extension
Office for more information. -~

t

. Photo: A Downey-Franchuk ..




’ REUSE _ .
“Think about the durability ond llfe B

" span of products when you shop.
Purchase’ good quality reusclb|e items
suchas: - .

- dnopers, hankies, napkms,
- rechcrgeable batteries, and

. pncmc supphes & lunch klts _

o und give old thmgs new Ilfe oo |
‘One man's garbage is another man's -
‘gold. Look at the groups who want your -

‘donation — and some will even come
by togetitl

‘. Save. :

* - carfons & boxboord buﬁons, :
popsicle sticks, foilet rolls, produce
baskets, efc. - ~

- scraps of wool, fabric cnd corpet
For. '

- day cares, nursery schools and
nursmg homes .

e Save:
- books

-For:

- second hand book stores, cmd L

chorlfob}e sales

‘. Save-
T clofhlng ond ||nens

For.

< thrift shops, Goodwill,
* Salvation Army, and theotrlco|
‘groups '
e Save:-
- small appliances
- hou_sewores A
- Lurniture '
" For:

" - second hand stores, and the _
Canadian Diabetes Association

Household Waste Management

° Save. . _ 4
bunldmg moterlcls & supplles o
-Fors - .
- the Habltat Re- Store

. Suve.

- old records and photogrctpl'\s'i o

- vmtage memorcblho

‘For: - .
 local museums and archlves :
{Winhipeg & some surroundmg
- communities; ccr|| for pick- up
defolls) '

’ RECYC'-E

oo NON-HAZARDOUS

" WASTES _

These materucds are collected for
recycling in Manitoba (|ocoi markets
may vary): )

. ® tin, steel & aluminum cans, foil .

o colouréd & clear glass 'b
¢ all types of paper, magazines,
~ boxboard, corrugated cardboard
@ PET, milk jug, #] #2 #5, #7 plashc _

K mnlk & egg cartons,

. ploshc shoppmg bogs o
@ tires :

} RECOVER

... AND STAR‘I’ COMPOSTING

Start o compost heap in the bockyard

‘or.use a vermlcomposter indoors. Either " :-
‘way, you will turn orgariic kitchen and

yard wastes into nutrient-rich humus, -

< thatis grect for fhe gorden

o V|5|t.fh.e "Compost Trail” of innovative

composting technologies at - -
‘Winnipeg's Fort Whyte Centre for -

. .-.Enwronmentcll Education, 989—8350 .

~ or the Fort Whyte Nature Company - -
" at the Forks Market 943~BTRD

. Two mumcnpcl composhng programs' :

- are available fo the reswlents of
‘Winnipeg: ;

. o the ”Leaf it to Us” leaf composhng

program in the fall, and .

“ethe Chrlsimcs tree chipping -

- program in Jonuory
Contact the Clty of Wlnmpeg for

details.

" COLLECTION _opno~s, TO SUIT EVERY BUDGET

. . : ‘ . -

LocATioN . : DEPOTS. , COLLECTION
- _'Clty of e Call the City of Wmnlpeg City-wide curbside:
- 'Wmmpeg "Waste Reduction Hotline - residential .
: - for information ' o
- (986-4777)
. Across , * Local recycling .- . Some curbside
-Manitoba ofganizations & groups © . service available

for information. .

(925-3777) . -

* ® Manitoba Associoﬁon
Regional Recyclers

“in small communities;
_ contact the Recyeling
~ Cauncil of Manitoba,

- (1-204-857-7919) -
* Manitoba Environment
Manitoba Products -
 Stewartship Progiam

(945 8761)




IS -HDUSehuln_WasreMan'age'menfr_ |
» DlSPOSE OF L 'Automotive'bcﬁeznles used .car" c-)il"
HAZ ARDOUS WASTE fluorescent light ballasts (pre-]980)

smoke detectors, propane tanks and

PROPERI'Y - expired prescription drugs are, also
~ Don't harm sonlfohon workers, " considered hazardous. N
damage the septic system, threcte_n L When you have some HHW to d|s- :
water supplies and poisen wildlife by - pose of, sve it, label it, and store it -~
improperly throwing household safely in the garage or shed for the next -
"hazardous wastes (HHW) away. ~ household hazardous waste collechon S

One way to recognize household depst in your area. -
hazordous wastes is by the warning” = - Household chqrdous Wcste Depots 4

'symbo_l(s) on product labels: .. areheld:

*in Wlnmpeg, on Scfurdays, o

from9am toApm at:

| 55 Trottier Bay
(off Chevrler Blvd)

*in fhe RM. of Montcalm on
- Tuesdays, from 10 am. to 3 p m.
‘Flamable ** . " Corrosive - . . atther - '
" Muml'obcl '
Environmental Centre _
2 km. west of Hwy 75
~on Hwy 14 B

~ % and at.the request oF ryral

 these one-day events are available

from the Manitoba Hazardous Waste

_ .Mo_ndgément Corporation.’

comniunities — planning guides for .

W&Mﬁﬁ‘y

" For more mformahon about'

) ...general waste L
‘management contact: s

“The City of Winnipeg Waterworks, - -

Waite Disposal Department
* Call 986-3333-in'Winnipeg;
visual ear for the deaf,
.986-2149 -
or, call your rural -
municipality office. .
«.provincial recycle
~ initiatives contact:
- The.Recycling Coundil
- for Manitoba
Coll 925—3777 in W'nmpeg

...household hazardous waste»

- collection depots contack:

" The Manitoba Hazordous Waste
Management Corporahon
Call 945—]863 in Wmnlpeg

Thls Fact Sheet was | produced by the
Manitoba Advanced House Project -

12/95 . .
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A lot of waste is

 generated when .
" building a new house. _ |-

" .. oF renovating an old

one. But with . alittle - :

. ﬁret/aoug/at and
planning, you can
* ensure that materials

~will be used more -

" efficiently, construction
‘waste will be reduced,

and, t/mt money will

- be saved too!

.. This is the 2nd " |

_in a seriés of nine

informative fact - |

~ sheets about .- | -
energy—efﬁcnent, '

- environmentally

“conscious options
for new ‘homes and

renovation pro]e_cts..' 4

CONSTRUCTION -
MATERIALS
. ONLY

" 30% of total landfill waste.
 be avoided by using construction materials

“more:efficiently, and diverting useful
items or recyc|0b|e materials from

hcuhng expenses and

" means budgetary and

" volume of waiste fequiring

- disposal will extend the life "
" and save a lot of tax dollars.

* emerged-for drywall, concrete,.
~ and masonty in other communities -

~_resporise in Manitoba has been slow. By

Toronto Home Builders’Association

} THE NEED clso make a dlfference by encouraging your
FOR CH ANGE local municipality. to-foster and develop mar-
S ‘kets for construchon wcsfes much closer to
" With over, 5 000 Ibs of w waste S home :

‘generated in the construction of a typical new
home', it is no wonder that residential build-
ing cmd demolition.debris makes up 12% to ' ARCHITECTS, BUILDERS AND

CON‘I'RACTORS

- Some waste is unavondcb|e Buta lot can ~ When desngnlng your home

 builder or drafting

- company that -
designs homes to -
take advantage of -
standard building .-

dlsposci altogether.
Contractors pass waste -

tipping fees onto -

their ;!lg_nts. ‘ mctenal dimensions. -
‘Reducing if you work witha -
‘waste at desugner who has.
“source. computer.aided -
fowers design (CAD)
waste dis: capabilities, it
posol costs.” is easier fo

~ Using build-. - quickly
ing materials udiugt room

more efficiently dimensions to
_envuronmental savings as -
well. ’And a reduction in the

. such as lumber, ply-
wood and drywall: Be

span of an existing landfill, informed. There are many -

. Recycling markets have

in this fact sheet. Make' waste
in Ccncdc Unfortunately, the ing criteria when inferviewing con--
tractors. Pick o compcny ‘who will break

demanding alternatives.and voicing: concerns, from convention ad minimize job-site waste.

homeowners like you will help motivate the
building industry to becomeaccountable for
the ‘volume of waste ﬂ_)ut is p'rbcluced. You can

CHOOSING AND WORKING WITH

-and drawing up plans, - -
_ work with an crchlfect :

obtain the most . -
efﬁaent use of .
bunldlng products

_suggestions for better con- -
struction. waste management |

“minimization ene of your screen-'_ ‘
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) PI.AN TO USE
MATERIAI.S MORE
CEFFICIENTLY ...
- Some construction wastes can be - -
‘avoided by using certain building

techniques or particular materials in the
design. Talk about these options with-

your “"builder and include as many of the

suggestions as possible in your
specnflcchons Look for ideas in the
illustration be]ow

PPV Hom’sbwnm"s
' CHECKLIST ...

e Lumber and plywood is sold in

- standard sizes; lumber lengths come
in 2’ increments and plywcod comes -
in 4’ x 8 sheets. Trimming and cut-
ting wood products creates a lot of .
waste. Ophmlze the use of diménsion
lurnber, subflooring and sheathing by

Roof trusses use
smaller lumber

Floor frusses
use lumber-

reduces froming use lu _
' - more efficiently

fequirements

ad|ushng room d|men510ns to mulh-
ples or even fractions of stondard

sized materials. @ s
* Reduce the lumber requirements for’
inferior corners by usmg drywoll

‘clips.

. Properly size lintéls over door and

window openings. (€)

o Usé prefabricated roof trusses which |
* Encourage suppliers to “deliver

products in reusable contcuners B

are constructed from small dimension

‘ cnd/ or reused off-cut lumber. @

. Specnfy oriented strand board (OSB) -
for wall and roof sheathing. Only fast.
growing trees are harvested for these

products. @

. Furfher reduce the use of |arge _
d|men5|on old growth forest products
- by. using open web or |- beam floor -
trusses and engineered lumber for

|mte|s and beams. @

~0ri;med strdnd board

Slze |mtels Io
C

) ’ Plan building:diméngions to reduce wastage
. e.g. 16'0" width not 158" or 17'0" -

roof and ,wu_ll sheuthing '

opening width

} MAKE BE“ER
: .PURCHAS'NG
'DEC'S'ONS
A CONTRACTOR’S
. CHECKLIST ... .
o Tell suppliers that you. rib |oﬁger
want fo purchase over~pcnckczged
" materials and supplies. -

e Be aware of the range of environ- -

mentally-friendly and/or recycled
building products on the market.

" “For example plastic/wood products

for-trim and exterior decks; recycled
" tire paving stones for walkways; and
cellulose insulation made from -
recycled newspapers,
* Backfill under the basement slab ond
around the foundation with a 50%

old glass to 50% grcnular bockﬁll
mixture.

* Order precut studs to ‘qyoid wasfe._

‘* Support the local econdrh'y and -
reduce shipping and handling costs:
_Purchase locally made windows, .

" cabinets, stonework and brlck

products. -

‘e’ Avoid ordering too" much mctenul., -

Double check eshmctes
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) REDUCE SI'I'E WASTE

A CONTRACTORS
CHECKL'ST ooo E

. Properly store and hcnd|e materials
6 prevent weather damage cnd loss.

- o Make a central location for cuh‘mg
lumber and sorimg off-cuts. It will be

" edsier fo find pieces for brldgmg and
. blocking later. I

o Place scrap pleces of drywcll beiween'

- the studs of interior walls. This will

increase the thermol mass-and reduce} '

" the cmounf of waste on- sife.

o Use scrap batt insulation around

~ windows and doors or add surplus

insulation 'to the attics.

) REUSE

Py noMsownsn's
m CHECKLIST ... -

. e 'Use salvoge materials whers possible,
such as hardwood flooring, lumber -

" products like studs, beams and posts,

or reclaimed brick. -

. Keep everything from old cabinets to .

" plumbing fixtures; electrical switches
to eavestrough for a'yard sale; or
ook in the Yellow Pages under -
”BUIIdmg Materials — Used” for
businesses: who will buy or trade
sclvoged materials. -

*ln Wlnnlpeg, the Hobliat Re- Sfore will

- pick-up sed items From your home.
~ Call 233-5160 for information. -

} RECYCI.E

A Homsowmsn's
m ‘CHECKLIST ... . .

_' * Hire sub-contrcctors that will rerhov’e_

. “and recycle théir own waste maten- :
~als. '

e Ask the contractor to separcie card-

board waste on-site. Look in the
Yellow Pages under “Recycling” for
hcmdlers of corrugated cardboard.”

"0 Save all unireoted and unpomted
~ wood scraps for the ﬁreplcce or
wood stove. -

® Call the Recyclmg Council oF
Manitoba at 925-3777, to .le_arnv

. of markets for construction wastes . -
in Manitoba. Discuss these”

pos‘sibiﬁﬁés wifhyour contracfor. .-}

} TAKE CARE OF
HAZARDOUS WASTES
b .

" A HOMEOWNER’S
_ AND CONTRACTOR’S
CHECKLIST ...

o Specnfy in your contract that a|| haz- :
" ardous construcfion waste be properly

‘handled and' disposed of off-site.

Wastes containing residues of glues |™ .-

- and adhesives, paints, thinners and
caulkmg products should not be

-~ buried around your home when the |

|qt is graded.

. A CONTRACTOR’S -

_ CHECKLIST ...

e Use leftover paint as primer Fbr' o

other jobs. Extend the life of
solvents - allow solids to seﬁle

* from used solvent. -

~ o Itis an offense to dlspose of wcste o
. paint or solvent improperly. Talk fo .-
your paint supplier or the Manitoba

Hazardous Waste Management -
Corporafion at 945—1 863, for

- advice.

For more mformuhon about
consfruchon wuste
manugement, contact:

Canada’ Mortgage and :
Housing Corporation
4th Floor, 10 Fort Street -
-Winnipeg, MB -
R3C1C4
- 983-5600
for relevant information S
A available of the -
" Canadian Houslng
Information Centre.

The Manitoba Home .
Builder’s Association
Umt 1 - 1420 Clarence Avenue -~
' Wmmpeg, MB
R3T1T4
925—2560

' Th(s Foct Sheet was produced by the
" Manitoba Advanced House Project . -

Research & Cd'-'brdin_aﬁbn: Appin Associates  Wordsmith; EnviroScribe Consulting, Winnipeg - Ilustrations: David Mo‘rrléW !ll_uStrafioh/ D,es'ign.f Design: Doowah Design Ink. :12/95._ L o .
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' For environmental
and economic reasons,

natural gd.{ is being

considered as one.
© alternative to.

* automobile fuel.
Since we will be
bearing more about |
" natural gas vebicles

'.(NGV’:) in the future,

this fact sheet provza'es
some background
mfbrmatzon to help

' you decide zf mztural .
- gas fuel is for you.

"in a series of nine
- informative fact
. sheets about

energy-efficient,

. environmentally

" conscious options
" for new homes and
" renovation projects.

Pla mng ahead for a...

Nafural ﬁﬂs Velncle

', » WI'IY USE NA'I'URAI. GAS

- FOR CAR FUEL? -

Natural gas produces |ess carbon dioxide -

" a greenhouse gos), and less carbon’ manox-
ide than other petroleum fuels, making it an -
‘oﬂrcchve contender as a fufure aufomohve .

- fuel.

New car mcnufocturers are starhng io .

'make some bi-fuel models which operate on

- either natural gds or gasoline. Otherwise, the
conversion of most existing cars can be done -

" quite easily. '

Natural gas vehicle conversion is a .
suitable option for urban commuters who
purchase a lot of fuel: At current fuel prlces
natural-gas costs about half the price of .

gasoline per lifre.

This is the 9th . | .

tanks to cusfomers and providing a list of -

Centra Gas will be renhng veh|c|e fue|

certified mechanics who are familiar with

natural gas conversions. Choose between a

smoller fuel tank

" esfimated cost
- §1500- 53000

wff‘;«.« “%

 bi-fuel system' (natural gas/gasoline), or:
‘make a complete conversion to natural gas.
- No addifional maintenarice is required for -
“a-natural gas vehicle..It.is recommended that
. 'you ‘service your vehicle accordlng to the . -,
| ~owner's monuc1| '

‘There dre a few limitations to both con-
version options, Use thls chart to help you

. compare

' THE BI-FUEL VEHICLE * | THE DEDICATED NATURAL GAS VEHI(I.E .

more refueling opfions | sestrcted ronge for rovel
beﬁer mileage ond performunce '
refuel at home or away. | . limited remote refuelmg stu_hons

- estimated cost:
- $1500-$3000

_Home Refuehng Device - When the vehicle's tank is
fu” nafura/ gas. supp/y aufomahca/ly shufs off

LIPE
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oy WHA'I' IS A HOME
"~ REFUELING |
APPI.IANCE"

Home-refuehng appllonces will be -

. available to lease so that you can refuel

_your NGV carls} convemently

- Eventually, fast-fill public refueling sta~
" tions will be built in Winnipegand
Brandon, for gas-ups away from home,

The compressor for a NGV home -

refueling appliance is located outside -

* the garage but the refueling control

" panel and-fuel hose are found in the
garage. It takes about 5 hours to fill the

" equivalent of 20 litres of gasoline but -

~the control panel can be programmied

to activate refueling overnight — for con- |

“venience and/or better fuel rates, lf
’avcllclble

" You can plan ahead for a home

,-refuehng appliance by having'a gas’

line roughed-in fo a new garage. -
‘Request a copy of the building
specifications from Centra Gas. - -

°* A refuehng apphonce wull moke

it so the sound does not cause a
nu15cmcé :

'l' ] P . S
Through the Markef Developmenr

Natural Resources Canada, $500-
- vehicle conversions as well as the
gas residential refuéling appliances.
' Factory produced natural gas vehi-
-cles are eligible for an additional- -

$500 grant, for a total of $1000

for defa:ls

. about as'much noise as a central air
_condmoner Find a suitable- place for,

" Incentive Program (MDIP) offered by | -
= grants can'be applied towards NGV

purchase and installation of natural -

per vehicle. Call 7—673—995—0955 A

" For rore information abou"?
" Natural Gas Vehicles and home
refuelling stations, contact: -

~ CentraGas.
" 444 St. Mary Avenue '
anpeg MB R3C 317
925-0741 .

. i or the - - '
. Manitoba 'Energy and. Mines
Information Centre -

1395 Ellice. Avenue, Suite 360 -
. Winnipeg, MB R3G 3P2

Call 945-4154'in Wmmpeg or

toll- free throughout Manitoba at
s —800—282—8069

' ThisiFeict Sheet wcs.produced bythe . |
Maonitobia Advanced House Project -, .

12/95
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Energy-Saving Details

A demonstration house in Canada shows new approaches to energy-efficient,
environmentally sensitive construction

Total energy cost: $800 a year. Every system in the Manitoba Advanced House was chosen according to its impact on the
environment. The pine roofing is recyclable and produced with less energy than asphalt roofing. The synthetic stucco mitigates
air and water infiltration, and the energy-efficient windows hold heat inside in winter while keeping it out in summer.

Canada has the highest energy use per capita
of any country in the world. That's not unex-
pected, given the country’s climate. In Winnipeg,
Manitoba, for example—said to have the coldest
winters of any capital city outside of Siberia—tem-

peratures can drop as low as -48°F But in sum- .

mer, temperatures can soar: The highest record-
ed in this prairie city of 600,000 is 108°F. That
kind of climate boosts both space-heating and
air-conditioning costs.

During the oil embargo of the mid-1970's, the
Canadian government started the R-2000 Home
Program. Houses buiit to R-2000 standards con-
sumed half the energy of the typical houses be-
ing built at the time. The reduction was achieved
by increasing insulation, reducing air leakage,
improving window performance, using more ef-
ficient heating systems and installing a mechani-
cal ventilation system, usually a heat-recovery
ventilator (HRV).

But the R-2000 homes still used too much ener-
gy. So in 1991, Energy, Mines and Resources
Canada started the Advanced House program
and proposed building as many as 10 low-energy,
environmentally “green” homes across the coun-
try to showcase cutting-edge and traditional tech-
nologies to chop energy bills to one-quarter of
those attributed to a typical house built in 1975.

The program targeted not only space-heating
and air-conditioning costs but all energy use, in-
cluding embodied energy, the amount of energy

by Kip Park

it takes to produce, manufacture, distribute, in-
stall, operate and, eventually, dispose of every-
thing that goes into a house. Advanced House
techniques and technology are available from
Manitoba Energy and Mines Info Center (Suite
360 Ellice Center, 1395 Ellice Ave., Winnipeg,
Man. R3G 0G3; 204-945-4154).

The Advanced House had to be comfortable
and convenient to live in, not forcing major
changes in lifestyle. And its design had to have
market appeal. There’s little point in advancing
technology if no one is going to buy and use it.

Energy conservation can be stylish and
practical—In the fall of 1992, the Manitoba
Home Builders Association (231-1120 Grant Ave.,
Winnipeg, Man. R3M 2A6; 204-477-5110) was the
first group in Canada to construct and open an
Advanced House (photo, above). According to
computer simulations, it would cost about $800 a
year to heat, cool, ventilate and provide domes-
tic hot water in Manitoba’s Advanced House.
That’s far from the $2,400 for a typical 1975
house. Both figures include about $200 a year
for standby utility charges, fees to keep electri-
cal and natural-gas lines running into the house.

Monitoring sensors and thermocouples were
installed around the foundation and in wall cav-
ities to measure moisture and temperature lev-
els; the performance of the home was scrutinized
closely through the fall of 1994.

The 1,859-sq. ft., four-bedroom Manitoba
Advanced House demonstrates to contractors
and tradespeople that it doesn't take a genius
to conserve materials and energy. To the public,
it shows that energy conservation can be stylish
as well as practical and comfortable.

Reducing waste and using whiskey bot-
tles—A major concern throughout construction
was the amount of construction waste. It's been
estimated that as much as 20% of materials go-
ing into landfills is construction waste.
Transporting that waste to landfills is an energy
cost in itself. Creating landfills eats up valuable
and productive land.

“We wanted to reduce the amount of waste as
much as possible,” said co-designer and home-
energy analyst John Hockman of Appin
Associates of Winnipeg (472 Academy Road,
Winnipeg, Man. R3N 0C7; 204-4884207). So the
floor plan was designed to minimize constric-
tion-material waste (by using full 4x8 sheets
wherever possible, for instance), and scrap lum-
ber was used for blocking. Suppliers were ad-
vised that all packaging materials had to be
made of recycled materials or be capable of be-
ing recycled.

On the roof, pine shakes (Prairie Shake
Roofing, 885 Century St., Winnipeg, Man. R3H
0M3; 204-786-0813) were used instead of asphalt
shingles, which require large amounts of nonre-

This article is reprinted from the Dec. 1994/Jan. 1995 issuc of Fine Homebuilding magazine.
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newable energy to produce. Pine shakes cost
ibout 15*% more than asphalt shingles, but they
have a life expectancy of 30 to 50 years, after
wvhich they can be recycled.

The fill under the foundation and over the plas-
ic drain pipes, or weeping tiles, is an indication
of the imagination used. About 30" of the fill is
empty whiskey bottles. smashed and pulverized
nssite when tumbled in a concrete mixer with
bea gravel. “We expected some problems with
sharp edges of broken glass,” said consulting en-
sineer Gary Proskiw. the other designer of the
house and head of Proskiw Engineering Ltd.
11666 Dublin Ave.. Winnipeg, Man. R3H 0H1; 204-
533-1107). which has extensive experience in res-
dential-energy use. "The only problem we did
enicounter was the smell. It was like a distillery.”

The ground-up bottles reduced the amount of
sravel required: Gravel must be transported,
cleaned and sifted. all of which consume energy.
So Canada’s energy use was reduced slightly by
whiskey drinkers.

Split-stud walls add insulation space—
Predictably, there are high levels of insulation in
he Manitoba house: R-60 in the ceiling, R-12 on
poured-concrete basement walls and rigid insu-
ation under the entire basement-floor slab, to-
aling R-10. The 12-in. thick exterior walls have
an R-value of 46. The walls are a splitstud sys-
em (photo. bottom right, where the exterior 2x4s
are separated from the interior 2x3s by 6-in. long,
ein:dia. metal rods. Manufactured by Ten Lives
ndustries (60 Heaton Ave., Winnipeg, Man. R3B
3E3: 204-956-2860), these wall trusses are easier to
nstall than a site-built double wall. The wall truss-
es use less lumber than a double wall, yvet the
russes are stiffer because of the metal rods,
which conduct less heat through walls than a full
stud. In conventional wall systems, about 18 of
the wall area is made up of studs; a 2x6 stud has
an insulating value of about R-7.

The high-performance thermal envelope fea-
tures rim joists covered with housewrap (photo,
bottom left). which adheres to the structure with
acoustical sealant. On the interior side, a 6-mil
polvethylene air/vapor barrier is sealed to the
housewrap (drawing, right). The bartier is nearly
hole-free: it goes up the wall and into the joist
cavities, where it’s stapled to the joist faces only.

The combination of housewrap and air/vapor
barrier is engineered for a cold climate. The poly
stops moisture from entering the wall, and the
housewrap stops air from flowing in or out, yet it
allows any moisture in the wall to escape.

The air/vapor barrier is sealed to the electrical
boxes, which have adhesive gaskets (Nu-Tek
Plastics Inc., 25-11151 Horseshoe Way, Richmond,
B. C. V7A 4S5; 604-272-5550). The Manitoba
Advanced House, when tested with a blower
door, had an air-change rate (ach50) of 0.78 per
hour at 50 Pascals; requirements call for 1.5
ach50 (the tightest house in Canada, also in
Winnipeg. had less than 0.20 ach50 when it was
builtin 1982).

Conserving natural resources—Very little

large-dimension lumber was used in the
Manitoba Advanced House. “The largest pieces

Thatos this page: John Hockman and Gary Proskiw

Controlling infiltration at the rim joist.

This combination of housewrap on
the rim joist and air/vapor barrier on
the inside faces of the walls and the
floor trusses prevents wintertime
indoor humidity from accumulating
in the rim-joist cavity. The housewrap

2x4

Synthetic
stucco

Metal rod ~————-—U

Plywood-web
floor joist

Housewrap is
sealed to
interior faces of
first- and
second-floor
walls.

Building paper

!

¥-in. sheathing W

Housewrap
sealed to inside
face of exterior
wall and to
mudsill
prevents air
infiltration but
allows moisture

dissipation. \

i

Mud sill on foam
sealant

|

T

eliminates staple holes.

r—— 2x3

‘ /_/»—‘/z-in. drywall

blocks air infiltration but allows any
moisture that sneaked past the
air/vapor barrier to escape. Acoustical
sealant was used because it bonds
well to the poly materials and

/ Y-in. hardboard protects housewrap.

6-mil poly air/vapor barrier
sealed to housewrap.

Section of second-floor rim joist

(i

Poured-concrete
foundation wall

Wrapping the rim joist in Tyvek and then sealing
the vapor barrier to it traps interior air but allows

moisture to escape.

Manufactured wall trusses, 2x4s and 2x3s joined
with metal rods, allow for 12 in. of insulation. The
metal rods stiffen walls and reduce thermal bridging.

Open-web 2x4
floor truss

6-mil poly air/vapor barrier is
stapled only to floor truss
and sealed to housewrap.

7 %-in. hardboard protects housewrap.

Section of first-floor rim joist

Ya-in. drywall
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EET - TR T
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2x4 blocking Plywood

E subfloor acts

o as vapor
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High-efficiency window.

Willmar's R Plus Xll windows were used throughout the Manitoba
Advanced House not only for their R-12 center-of-glass insulating
value but also for their low-E coatings on three surfaces.

The energy-efficient features include a spacer to
prevent heat-transfer from exterior to interior,
heat mirror film that reflects radiant heat to

the exterior and krypton gas

for insulation.

Exterior glazing _\

heat-mirror film ~—— j | y
77

Two layers of

Low-E coating

Spaces between glass
and film are filled with
krypton gas.

Sealant

Warm-
edge
spacer

Steel
spacer

Interior glazing

of lumber are 8t. long 2x8s,” said Glenn Buchko,
executive director of the Manitoba Home
Builders Association, which acted as general
contractor for the project. The 2x8s were in the
garage-door headers.

The first-floor joists are open-web trusses made

of 2x4s; the second-floor joists have fingerjointed
cords and a plywood web. Why use two different
trusses? The open-web joists allowed for large
ducts and conduits; the closed-web joists use less
material. Both types of truss “dramatically re-
duced our need for large-dimension lumber, thus
lowering the demands we impose on our
forests,” said Buchko.

Water conservation is also a major factor in the

Manitoba Advanced House. Water-efficient toi-
lets, shower heads and faucets reduce water us-
age without sacrificing performance. Low-flush
toilets use about 1.5 U. S. gallons per flush, com-
pared with 3.5 gallons for conventional toilets.

Infrared sensors (Crane Canada Inc., 5850 Cote-

de-Liesse Road, Montreal, Quebec H4T 1B2; 514-
735-3592) on bathroom water faucets automati-
cally turn water on and off when hands are
removed from beneath the faucet.

Landscaping includes drought-resistant native

©A oo Hoamaoahittldim o

plants, which are adapted to Manitoba’s dry sum-
mers. These plants reduce watering requirements
and provide summertime shade and a comfort-
able, attractive climate around the house.

There’s even a system to collect and store rain-
water from the roof and from the sump pit for
use in watering the lawn and garden.

Windows for all seasons—The Manitoba
Advanced House is oriented to maximize pas-
sivesolar heat gain—but with a difference. The
program called for window treatments that
would control summertime overheating. The
most energy-efficient windows in Canada,
Willmar's R Plus XII (drawing, above), were in-
stalled throughout (Willmar Windows, 485 Watt
St., Winnipeg, Man. R2L 2A5; 204-668-8230).
They’re considered quadruple-glazed, though
two of those glazings are actually Heat Mirror 88
film, which reflects radiant heat while it trans-
mits 88% of the light, suspended between two
panes of glass. The inner light has an additional
soft low-E coating, and the air spaces are filled
with krypton gas. A special spacer-bar system
was developed to keep the edges of the lights
warmer than conventional-window edges, and

center-of-glass insulation values hit R-11.5. R Plus
Xil windows cost about one-third more than con-
ventional double-glazed windows.

To prevent solar overheating in summer, all
windows are equipped with removable solar
screens, which block about 30% of solar radia-
tion. That reduces the cooling load by more than
one-third and, when combined with the house’s
ventilation system, also eliminates the need for
air conditioning.

Heating and ventilating—On the mechanical
side, a 94% efficient natural-gas water heater with
a custom-built air handler (Mor-Flo Industries
Inc., division of American Water Heater Group,
P. O. Box 4056, Johnson City, Tenn. 37602; 615-
283-8000) heats both the home (forced hot air)
and the domestic hot water. The unit’s high effi-
ciency is achieved in part by circulating warm
greywater, the wastewater from such things as
washing machines and dishwashers, through a
heat exchanger (drawing, facing page) to pre-
heat water going to the boiler.

Indoor-air quality is maintained by a heat-re-
covery ventilator (HRV), which preheats incom-
ing air. The modified Lifebreath 195 HRV
(Nutech Energy Systems inc., 511 McCormick
Blvd., London, Ont. N5W 4C8; 519-457-1904) mix-
es fresh air with return air, and all air is then fil-
tered through an 85% efficient bag filter to re-
move dust and fine particulate matter. The air
then passes through an activated-charcoal filter
to remove odors and chemicals before it is heat-
ed and distributed.

The home is divided into four heating zones—
all forced hot air except for hot-water baseboard
in the fourth bedroom, which I'll explain in a
minute—allowing one area of the home to re-
ceive fresh, heated air, while another (unoccu-
pied) area still can receive fresh, unheated air. To
ensure high air quality and to prevent the chron-
ic problem of mold growth in cold closets, re-
turn-air vents, which pull stale air from the room,
are installed in all bedroom closets. The location
of these vents improves overall air quality, too.
“Clothing can be a significant source of indoor-
air pollution because of chemicals used in dry
cleaning,” Proskiw noted. “Here, we're eliminat-
ing them at the source.”

The fourth bedroom, on the main floor, can be
used as a den, a hobby room or a smoking room.
It has its own separate exhaust-air system, so any
noxious odors or chemicals produced by hob-
bies or smoking are exhausted directly outside.
For the same reason, this is the room heated with
hot-water baseboards.

Great care was taken in selecting materials
used inside the home to ensure good indoor-air
quality. For instance, the technical requirements
as issued by Energy, Mines and Resources re-
quired that products containing urea-formalde-
hyde-based resin glues, such as the chipboard
used in the kitchen cabinets, be sealed to limit
formaldehyde outgassing. Indoor air could not
contain any more than 0.05 parts per million of
formaldehyde.

Using less electricity—“There are two major

~ factors affecting the energy performance of any




1ouse—the structure itself and the people who
ive in it,” said Hockman. In the Manitoba
Advanced House, a Power Sentry power-usage
ndicator was installed above a desk in the
dtchen to show present and cumulative use of
lectricity (Northwest Extension Inc., 15 Central
Vay #201, Kirkland, Wash. 98033; 206-828-9190).
[he power-usage indicator also presents data in
lollars and cents.

In other installations, this type of information
ystem, which makes homeowners aware of just
10w much electricity is being used at any mo-
nent, has resulted in an immediate 10% to 20% re-
luction in consumption. “It’s an awareness
hing,” said Proskiw.

The appliances by General Electric are among
he most energy-efficient models on the market.
'he clothes washer is rated at 74kwh per month,
~ompared with conventional washers that can
1se 150kwh. The refrigerator is rated at 55kwh
ompared with similarly sized conventional units
hat can use as much as 85kwh per month.

Artificial lighting was considered important be-
ause Winnipeg receives only about eight hours
of daylight per day during December. High-effi-
iency fluorescent and halogen lighting fixtures
are used throughout most of the house. Less-effi-
ient incandescent lighting is restricted to fix-
ures that are seldom used, such as closet lights,
because the incandescent lights are a lot less ex-
>ensive. The Manitoba Advanced House also
nakes extensive use of dimmers and automatic
ight switches to promote energy savings and to
ncrease convenience.

In Winnipeg’s cold winter climate, engine-
lock heaters and and vehicle-interior warmers
ceep cars from freezing up. Because these com-
ort devices use lots of electricity, an indoor timer
wutomatically switches on the heaters about two
ours before vehicles will be used.

Future repercussions—There are a multitude
of features in the Manitoba Advanced House,
nany of them simple in concept. “All the features
1ad to be as practical as possible, with the widest
botential application,” said Hockman. “This type
of house will be aimed at the mainstream in the
rery near future.”

The principles learned and demonstrated in
he Manitoba Advanced House eventually could
be transferred to the renovation industry.
3ecause much of the technology incorporated
n the Manitoba Advanced House is cutting-edge,
tis, therefore, expensive. The lessons learned in
Winnipeg, however, will help that technology de-
relop further, and the cost of renovating existing
1omes will drop.

Although its monitoring systems made the
Vlanitoba Advanced House about 25% more ex-
ensive than a conventionally constructed
10me, the house is truly a demonstration that en-
>rgy-efficient, environmentally friendly, “green”
10uses are practical and ready to stand the test of
he marketplace. O

Cip Park lives in Winnipeg, Manitoba, and he
vrites about housing, construction and energy-
echnology issues. Photo by the author except
vhere noted.

An energy-efficient heating and ventilating system.

Using one-third the energy of a typical
house built in 1975, the Manitoba
Advanced House incorporates heat-

the heating system. The ventilating
system, required in the airtight Manitoba
house, pulls outdoor air through a heat-
capturing devices, energy-efficient recovery ventilator, which warms the air
appliances and multiple heating zones. with the residual heat of stale air that's
Incoming water is warmed in a custom- exhausting from the house. The warmed
built preheater that captures heat from incoming air mixes with recirculated
dishwasher and laundry wastewater; the indoor air and is filtered twice, then sent
preheated water then goes to a highly to one of four separate heating/ventilating
efficient gas water heater and is zones. All fan motors are more efficient
distributed to the domestic hot water and than conventional fan motors.

Exterior wall —w

Bathroom #1
exhaust air

Bathroom§
and fourth
bedroom
have
separate

high-flow
Bathroom #2 exhaust

‘ : ‘ ,l exhaust air fans.

[ ' ) Laundry/bathroom

Return air from bedroom
closets, etc.

exhaust air

Kitchen
range-
hood

Fourth bedroom exhaust

] . .
Heated air l ‘ l{ exhaust air fan 2 ,
' ; J

Kitchen exhaust ai/rﬂ

Bag
air filter Heat-recove
Charcoal odor filter ventilator (Hrgv)

( Pump
Domestic water use

Cool return water J [ ) Incoming .
. air —
oming < Preheated water s
d wate/r2

Makeup-air fa
HOt water blows air behin
refrigerator to
warm air when
range hood is

ﬂ operating.
-

94% efficient
gas water
heater

)

Warm
greywater
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CHECK LIST FOR ADVANCED HOUSES
TECHNICAL REQUIREMENTS

Robert S. Dumont
Building Science Division
saskatchewan Research Council
15 Innovation Boulevard
Ssaskatoon, Saskatchewan
S7N 2X8

September 9, 1992

INTRODUCTION

This check list follows the numbering scheme used in the Technical
Requirements(1l). For further information regarding the check list,
refer to the Technical Requirements. Please note that this check
1ist should be returned within 10 days of receipt to Robert Dumont
at the above address. If information is missing or unknown, leave
the item blank. A followup questionnaire will be sent at the time
of completion of the house.

Advanced House Location

Street Address 4/20 /(//2/65/5/55{ /712//6

city iky//l/l/ PE G
Prov /‘7/4/f// 7‘0/3A
Postal Code ,Z 3 T 5/2 /
70
Name of person filling out this form g#/?”/ //Zﬂ-fz(/%/
Telephone (ZOV> ézg" //07
CHECK LIST

2.0 MINIMUM ENVELOPE AIR LEAKAGE REQUIF-QEMENTS
Air tightness test attached? Yes X No ___ Pending
Result of air tightness test: 0,78 air changes/hr € 50 Pa
Qﬁ_}cmz/mz normalized leakage
area

If not done, state approximate

date on which test will be done: A Fride TEST vl
Re Dowe ﬂtféz




3.0 VENTILATION SfSTEMS AND EQUIPMENT
HRAI installer’s report attached?

If not done, state approximate
date on which report will be
submitted:

' Is insulated ductwork between
HRV and outdoors less than
2 metres?

If answer is no, state length
of ductwork and insulation
level on ducts.

Does innovative ventilation
equipment have laboratory test
results to back performance
claims?

If answer is no, when will
report be submitted?

Yes ___ No X

0’C.7' /5/2,

JNCT
A7
(T~ e

yo—
g L
—

Yes No ¥
Length (m)
Insulation
Value (RSI)
Yes No X

Se/ [21EE / 13

IMSTRS L7
A F -

COM ™

"\

Is all ductwork carrying conditioned

air located inside the conditioned

envelope of the building?

If the answer is no, please attach

pressure test report on the

Yes g No

ductwork, or indicate the approximate

date on which the test report will

be submitted.

If the answer is no, please indicate

the insulation levels used on the

. ductwork.

COMBUSTION EQUIPMENT




Does all combustion equipment meet :
provisions of Technical
Requirements? Yes \( No

Does wood heating apparatus meet
current State of Oregon emission : Ak
requirements? Yes No M 4 e

(See Resource Book for listing
of approved apparatus.) //@T/fdﬁ

ENERGY PERFORMANCE TARGETS
Please fill in the Table with the appropriate numbers.

ENERGY PERFORMANCE SUMMARY
(Annual Figures)

Target Prediction
(kWh) (XWh)
Space Heating 7%03 5924 2173
Space Cooling £~ £
Domestic Water
Heating 5520 3/67
Appliances 3 83‘ & 7520
Lighting 5 572 =52
oOutdoor
Electrical / g 3 /8 3
Usage
/7,176 /7,/56
Totals

State following house characteristics:
Volume of House (m’) 72/' g

Number of Bedroons 4/

Ssurface/volume factor 0, 7%

Occupant factor . q




Type of space heating
system electricity
‘ natural gas b4
oil

propane
solar
other

(please

state)

Has the revised HOT-2000 or
other energy analysis program
calculation been submitted? Yes X No

Has RSI 3.5 (R20) insulation
been specified for all heated
water storage tanks? Yes. No_X

R-r6 onv Rrgris

Has RSI 0.5 (R2.9) insulation
been specified for all inlet
and outlet water piping for
one metre from the water heater?

Yes i No m—

5.5 APPLIANCES

State the Energuide electrical
consumption for each of the
following appliances (kWh/yr): ¢
(In the absence of Energuide —
ratings, give the manufacturer’s
projected annual consumption)

Ref rigei'ator Z é C‘(
FTE'@ PEDiNT 77-
Stove ' 708 & ’745 Liyh ZK Fe /o

Loth her ( Lug HeAT Rele VERY
Clothes washer (excluding
hot water) %é "
: HFETE ZDU(T /AL
Clothes dryer 528 S G kwhlyll Fok

. HehAT Fecovely

Dishwasher (excluding hot '
water) 23(2 3




Heat distribution System
Furnace fan(s)
Furnace combustion gas
exhaust fan
Furnace electronics
Circulating pumps
Heat recovery ventilator
Fans
Electric defrost unit

Additional major electrical
loads (Specify)

1971

Gl
A

ceious Browers /oo

2.

Do appliances meet minimum
capacity requirements?

Refrigerator or
refrigerator/freezer (440 L)

Stove
Minimum 4 burners; minimum
60 litres volume

Clothes washer; minimum tub
capacity €0 litres

Clothes dryer: minimum 140
litres volume

Dishwasher; minimum 150
litres volume

Yes_}i No 474 /Z

Yesl_ No_ 127 [
Yes_x. No_ /7 /
Yesi No__ /§ 3 [

o7 LiSred fu

tes__ N ¥ ZuroGu e




5.6 LIGHTING

Is the installed lighting for the

house (including movable lamps)

less than 8 W/m?? Yes___ No___
Is the average lighting output for

all fixtures less than 40

lumens/watt? Yes No

— | cm——

State the lighting density W/m?.

State the average lumens/watt.

5.8 PEAK ELECTRICAL CONSUMPTION CONTROL

Does house use grid-connected
electric resistance heating? Yes No :g

If answer is yes, what type

of load management controller
is used? Give manufacturer and
model number

In areas where the January
design temperature is below
-20°C, is a timer located
inside the house to control

the automobile block heater? Yes \g: No

Not Applicable
5.9 FAN ENERGY

Will heat recovery ventilator
fans meet the requirement of
1.2 W/L/s of air flcw capacity?
(Systems without forced
air heating.) Yes No

Not applicable ><
State predicted W/L/s

consumption rate. /




Will the fans for the

combined warm air heating

and heat recovery ventilator

system meet the requirement of

0.75 W/L/s of air flow capacity?

(Systems with forced air

heating.) Yes No ~><

Not applicable

State predicted W/L/s % &
consumption rate. /, 54 (\/‘/8,3>
l 'ZHZ_

WATER USAGE

Do the toilets meet the 7 litre
or less per flush requirement?
Yes \{L No \(

A @ A j/ﬂm#

State water usage per flush (L) < ) G;; /7 Z%?Lv’
Do the shower heads meet the I éy .
10 litre/minute or less flow > & frans
requirement at a water pressure CDH#}L F'LL!.S?//
of 551 kilopascals (80 psig)? Yes \( No

State water flow per shower

head. 1) ‘g/ﬂ\ ."'\ iﬂg{/ys (

Do sink faucets have aerators? Yes _\14 No

Has the landscaping for the

house been chosen so as to - MIINYL TeeF
reduce the outdoor water usage _ _
of the house by 50%. ves Y No INDIG/wptls Pehie
Attach list of water conserving ’ — B ‘
measures. b R0~ /’/'97&5/

Bpee cHiPS
Has a low water consumption .
per cycle washing machine
been chosen? Yes )L No

State water consumption
per cycle (L) 1Z g"/gg é

Mivihavy — M AU




RECYCLING

Has the kitchen been laid out

to include space for a 10 litre
compost container and a volume

sufficient to hold a blue box
container (508x394x305 mm)?

Has an outdoor compost bin
with a minimum volume of
150 litres been specified?

ECOMANAGEMENT

Has a construction waste
management plan been
designed?

Has a construction waste
management plan been imple-
mented?

Has construction waste
management plan been sub-
mitted?

How will scrap gypsum board
be handled?

ECOLOGO PRODUCTS

Provide a list of ECOLOGO
approved products that are
used in the house:

IN  Baserre

Yes—% No_ < topaeen eD
7O XhceHew
VIi4 CHure

Yes ;é No

Yes X No

Yes % No Pending

Yes No

X
Recycled _AQ_

« Mo Locsc

Used as PﬁC Ll T/ZS
interior )

thermal

mass //Z/ZQ & ZD“UKQQ

/D€ 4

Cetcuycose //7«(5'#/4,,4:/-/5@

. YRV
3. /p/f//(/'f"




Are any insulation products

being used that contain
fluorocarbons with an ozone
depletion factor greater

than 0.057? Yes

vo_ X

9.0 INDOOR ENVIRONMENT

9.1 Air quality

Has house questionnaire
detailing the building materials
been completed? Yes

No Pending X

Have products known to contain
urea-formaldehyde based resin
glues been excluded? Yes

(Products include interior

grade particle board, medium
density fibreboard, and interior
grade plywoods such as oak, birch,
mahogany.)

If answer is no, is documen-
tation attached to show that

the product can meet the

target guideline of 0.05 ppm
formaldehyde when the room

is ventilated at design
conditions? Yes

N No Pending

ALl

PRy CleBaARD UISE0 /Y

Have the federal-provincial (PG ) VETRT s fBreTED

air quality gquidelines been /V I7TH 2 Co‘,h_s OF "[ﬂéfﬂd[zg/g.

accounted for in the selection
of materials and equipment

for the house? (See Resource
Book for a summary of the ‘
air quality guidelines.) Yes

S( No

Thermal Comfort

Have air supply vents been
positioned to minimize
drafts? Yes

\4

Have glass areas been
chosen so as to

N/ No




10

minimize thermal discomfort
from large cold window
surfaces? Yes \5( No

Noise

Has air moving equipment

been chosen, located, and/or

acoustically isolated so that

the ASHRAE noise criteria (NC)

equal to 25 to 30 or less is

met? Yes ‘\( No

State measures used:

Flexible mounting of

air moving equipment Yes &K:No
7 %

Flexible connectors

between equipment and

ducts Yes ‘>< No

Acoustic lining of

ducts . Yes >K1~ No

Acoustic isolation of
mechanical room Yes No EX:

Humidification equipment

Has provision been made to

maintain a minimum of 30%

relative humidity in the

house throughout the heating '
season? Yes \X{

cs

References

1. Dumont, R.S. Saskatchewan Research Council, Advanced Houses
Program Technical Requirements. CANMET Buildings Group, Efficiency
and Alternative Energy Technology Branch, Energy, Mines, and
Resources Canada, Ottawa, Ontario, 1992 (39 pp)

c:\crit\checklist

No_ Pending__
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ONE-TIME AND SHORT TE.

Local Monitoring Coordinator: Gary Proskiw
Telephone: 1 204 633.1107
Faxphone: 1 204 632-1442
HVELD . el S
JOutside Conditions  |Envelope Horizontal radiation’ SOLhor [Determine heat loss coefficient Effect of solar 1.
Compare with long term trends Correlation witt.
HOT2000 attic.
Qutside temperature Tout |Determine envelope heat loss Wall, window,
Correlation wit!
HOT2000 atlic -
Outside RH and temperature RHout _|Determine HRV enthalpic efficiency  {Enthalpic efficic
Trhout jDetermine moisture added to inside
inside Conditions Second fioor Temperature - S, master bedroom T2mbed |Determine envelope heat loss Wall, window, 1
F Temperature - NW bedroom T2bed using weighted:
First fioor Temperature - S, kiichen T1kitc associated witl
Temoerature - N, entry Tientr Bin and graph
Temperature - N, hobby room T1hobb with other adv:
Basement Temperature Tb
|Adjoining Spaces Aftic - east and west | Temperature Tatice |Determine envelope heat loss Ceiling heat ios.
Taticw HOT2000 attic
(3arage Toar Adioming wal | :
[Wood Moisture Wall framing Wood moisture content and temperature]  na  |Evaluate performance of framing/ Document rest:
Gontent at top and bottom of inner and outer stud insulation combination and of houses in Fi-
susceptibility of framing members Mark XIV Proje:
to wood decay
Attic Reclaim System |inlet duct Temperature from attic Tatico {Determine energy to weeping tile Document rest.
Sump Temperature 10 sump Tsmpin :

Pag
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RM TESTS NOT INCLUDED Manitoba Advanced House
4/584
Anaiog Channeis: 38
Counter Channels: 07
Digital Channels: 13
jains on balance point Locate sensor at roof peak in unobstructed area DAS - A Hourly  {Pyranometer
1 atlic temperature for use with
model
joor and ventilation heat loss Locate sensor in shaded area on north-east sice of house DAS-A Houry  |Shielded thermistor
1 atiic temperature for use with
mode
2ney Locate RH sensor in HRV supply air duct, close to outside wall DAS - A Hourly  |RH sensor
. Locate temperature sensor next to RH sensor DAS - A Hourly  [Thermistor
Joor and ventilation heat loss Locate sensor mid-height on wall adioining closet DAS - A Hourly  |Shielded thermistor
values based on heat loss Locate sensor mid-height on wall adioining linen closet DAS - A Hourly  [Shielded thermistor
 each temperature zone Locate sensor mid-height on wall adioining desk DAS - A Hourly  |Shielded thermistor
il temperatures for comparison  |Locate sensor mid-height on angled wall adjoining closel DAS - A Hourly  |Shieided thermistor
nced houses Locate sensor mid-height on wall adicining bathroom DAS - A Hourty  |Shielded thermistor
. Locate sensor mid-height in center of basement DAS-A Hourly  {Shielded thermistor
s Locate sensor mid-height in center of east attic DAS - A Hourly  |Shielded thermistor
mode! Locate sensor mid-height in center of west attic DAS - A Hourty  |Shielded thermistor
eat loss Locate sensor mid-height on wall adjoining house DAS - A Hourly  [Shielded thermistor
lis and compare o performance | Locate sensors in north wall, main fioor, celiulese insulation Manuai Monthly | Moisture pins and
air Energy Demo/CHBA Locate sensors in east wall, main fioor, celiulose insulation Manual Monthly  jthermocouples
o Locate sensors in east wall, main fioor, fiberalass irsulation Manual Monthly
Locate sensors in north wall, second floor, cellulose insulation Manual Monthly
Locate sensors in east wall, second fioor, fiberglass insulation Manual Monthly
. Locate sensors in east wall, second fioor, cellulose insulation Manual Monthly
its Locate sensor in inlet duct of attic reclaim system DAS - A Hourly  |Thermrstor
. Locate sensor in sump DAS-A Hourly  |Themmistor

e1




ONE-TIME AND SHORT TEL

e

Determine input energy

Integrated syste.

Gas consumption NGgwt
: Energy balance-
DHW Systems Electric consumption EEgwt Verify technical *
HOT2000 fan in-
Space heating pump ZEsho :
Space heating fan EEshf
DHW circutation pump EEdhwp
Attic reclaim fan EEatcf )
Energy Demand from |Fan coils (3) Water fiow from hot water tank to coils Vshc  |Determine output energy for space Integrated systef
ISpace Heating and Supply temperature from hot water tank | Tshs {heating Energy balance -
DHW Systems Return temoerature to hot water tank Tshr
g Preheat tank Outlet temperature from preheattank. | Tphot |DHW total preheat contribution, Verify technical .
' including greywater ; HOT2000 DHW
Domestic hot water  |Water flow vdhw _ |Delermine total DHW outpul energy  {Combination D-_
Temperalure of cold service water Tow | Energy balance -
Temperature of hot water to house Tdhw Verify technical 1
Ventilation System Heat recovery Fan electrical consumption EEhnvt |Determine HRV efficiency Sensible and en:
ventilator (HRV) Supply air flow rate to house Fsup |Determine moisture added fo inside air |for HOT2000 Prc
Exhaust air flow rate from house Fexh |Evaluate indoor RH levels Verify technical i
Suoply air temperature to core Tsupin
Suppty air femperature from core Tsupou
Exhaust air temperature to core Texhin
! Exhaust air temperature from core Texhou E
: Exhaust air temperature at hood Texhhd B
Exhaust air RH to core RHexh
Flow duning defrost mode Fdef :
Thermocouple iunction temperature Tinc  |Determine thermocounie temperatures |None required
Range hood Exhaust air flow from house Frgf  |Determine fan electrical consumption  |Energy balance
and volume of exhaust air HOT2000 infiltral:
i Exhaust temperature Texhrg |Determine stove utilizability factor Verify technical 1
[ Range make-up ait___{Preheat coil onvoff status, power draw | EEmaph jDetermine input energy
Range make-up air fan [Fan on/off status, power draw EEmaf
Ensuite exhaust fan EEensf
Bathroom exhaust fan EEbthf
Hobby room fan EEhobf

Page



M TESTS NOT INCLUDED

Manitoba Advanced House

4/5/94

n ———
Connect sensor to detect on/off voltage signal from gas valve

m efficiency DAS-D Houry  |Voltage siatus sensor
Determine gas flow constant with a manual messurement
requirement Status will be the same as gas vaive status. Measure duty CoPilot Hourly  |None required
put cycle and measure power draw using a Wattmeler,
Connect sensor in line dedicated to space heating pump DAS - ) Houny w_
Connect sensor o detect on/off voitage signal fom fan or pump | DAS - A Hourly  {VollegestaiasSonsor
control. Measure power draw using 2 Watt meter. DAS -D Hourly  [Voitage status sensor
r DAS -D Hourty  |Voltage status sensor
m efficiency Locate sensor in supply line to. or return iine from, exchanger DAS-C Hourly  [Fluid meter with pulse output
Locate sensors in supply fine to fan coil DAS - A Hourly  {Thermistor probe
Locate sensors n return line from fan coil DAS - A Hourly  {Thermistor probe
requirement. Locate sensor at outlet from preheat tank DAS -A Hourly  |Themmistor probe
modet
W tank efficiency Locate sensor in cold water line to preneat tank DAS -C Hourly  |Fiuid meter with pulse output
and DHW demand Locate sensor at entry point of service water to house DAS - A Hourty | Thermistor probe
requirement Locate sensor after mixing vaive in hot water line to house DAS-A Hourty  {Thermistor probe
thalpic system efficiency inputs  {Locate sensor in line dedicated to HRY DAS-D Hourty  tkWh meter with pulse outout
xgram Locate sensor in warm side supoly Guct DAS - A Hourly  {Pitot array and transducer
‘equirement Locate sensor in warm sice exhaust quct DAS - A Hourly  |Pitot array and transducer
Locate sensor at fresh air intake to HRV DAS - A Hourly  {Thermocouple grid
Locate sensor at fresh air outlet from HRY DAS - A Hourly  [Thermocouple grid
Locate sensor at exhaust aif intake to HRV DAS - A Hourly  {Thermocoupie grid
Locate sensor at exhaust air outlet from HRV DAS - A Hourly  {Thermocouple gnd
Locate sensor as close to outside wall as possiie DAS - A Hourty | Thermocouple gnd
Locate sensor in warm side exhaust duct DAS - A Hourty  {RH sensor
Locate sensor at defrost air infet to HRV DAS-A Hourly  {Pitot array and transducer
Locate sensor inside DAS near thermocouble channels DAS - A | Not required | Themistor
Locate sensor in exhaust air duct DAS - A Hourly  {Pitot array and transducer
tion mode!
equirement Measure in center of range hood exnaust duct DAS - A Hourly  {Thermistor
Connect sensor to detect on/off voitage signal from preheat coil | DAS - D Hourly  {Voltage status sensor
and fan control. Measure power draw using a Wattmeter. DAS -0 Hourly  |Voltage status sensor
DAS -D Hourly  |Voltage status sensor
- DAS-D Hourty  [Voltage status sensor
DAS-D Hourly  |Voltage status sensor

R
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M TESTS NOT INCLUDED . Manitoba Advanced House
4/5/94

: S
ntitation rates - Locate sensors in master bedroom DAS - A | Short-term |CO2 sensor
5 Locate sensors in family room DAS - A | Shori-term |CO2 sensor
As specified in the Aavanced Houses indoor Environment Manual { Short-term |As specified in ingoor
Monitoring Requirements Environment Monitoring
| Requirements
door RH levels Locate sensor in relav panel instailed near elecincal service Manual | Continuous jRuntime meter
. Locate sensor in electrical service iine 10 panel DAS-C Hourly  {kWh meter with pulse output
equirements Locate submeter in line dedicated to refrigerator Manual® Monthly  {kWh meter
0 defauits Locate suometer in line degicated to dishwasher Manual® Monthly  [kWh meter
Locate submeter in line dedicated 10 clothes washer Manuai* Monthly  [kWh meter
Connect sensor to detect onvoff voitage signal from dryer control | DAS - D Hourly  {Voltage status sensor Dox r
Measure power draw using a Wattmeter o
Locate sensor in exhaust fine from dryer DAS - A Hourly  {Thermistor
Locate sensor in line dedicated to ciothes dryer supoly fan Manual® Monthly  1kWh meter
equirement Locate submeter in line dedicated to liahting Manual* Monthly  [kWh meter
Validate HOT2000 default Locate sensor in line cedicated to outside consumotion DAS-C Hourly  |kWh meter with ouise output
5 Locale sensor in line cedicated to vehicle refueler compressor Manual® Monthly  |kWh meter
Measure power draw using a Waltmeter Manual One-time  |Watimeter PONE
Locate sensor in gas fine 10 house DAS-C Hourly  |Gas meter with oulse output
Locate submeter in gas line 1o oven DAS-C Hourty  |Gas meter with pulse output
Connect sensor 10 cetect on/off voltage signal from gas valve DAS-D Hourly  {Voltage status sensor
Determine gas flow constant with a manual measurement
Connect sensor to detect onvoff signal from electric switch DAS-D Hourly  {Voltage status sensor
Determine gas flow constant with a manual measurement
Locate sensor in gas line to garage heater DAS-C Hourly  |Gas meter with putse output
Locate sensor In gas line to vehicle refueler Manual® Monthly  {Gas meter
Obtain by subtracting ail other used from total Calculate | As requireq jNot required
aquirement This is house meter installed by local utility Manual Monthly  |Utility water meter
Locate submeter 10 measure total outside consumotion Manual* Monthly  {Water meter
; Locate submeter 1o measure water from sumo Manual* Monthly  {Water meter
- Locate submeter to measure water from outside tank Manual* | Monthly |Water meter
Install according to senor connection diagram in senor DAS - A Hourly  [Resistor
documentation manual DAS - A Hourty  {Resistor




Ventilation system

ONE-TIME AND SHORT TEF

Carbon dioxide {COZ) CO2bed |Verify acceptable exposure levels Cofretate with v
and source control CO2fam |Determine system effectiveness Document resull
measures Other parameters as specified in the na  |Determine source strengths

Advanced Houses Indoor Environment

Monitoring Requirements .
Humidifier On/off status Determine ontime Correlate within

JElectrical Servics Total house Electrical consumption EEhse {Determine input energy Energy balance
Refrigerator na Verify technical1
Dishwasher na Validate HOT20(
Clothes wasner na
Clothes dryer EEdryr s
Temperature - exnaust air Tdryxh |Determine utilizability factor Energy balance

Dryer suoply fan Electrical consumption na  |Determine input energy
Inside lights na Venfy technical r
Qutside circuits EEout Energy balance:
Vehicle refueler Compressor electnical consumption na Document result
Monitonng system Electrical consumotion na |Determine contnbution to space gains |Energy balance

Gas Service Total gas consumption {Natural gas consumption NGhse |Determine input energy Energy balance -
Stove NGstve -
Dryer NGdryr
Fireplace NGfire
Garage heater NGgar
Vehicle refueler na
Barbecue na

Water Service Totai house Water consumption na |Determine total water consumption Venfy technical
Qutside water na  |Determine outside water consumption
Water from sump na  |Determine contribytion from sump Document results
Water from outside na |Determine contribution rainwater

Data acquisition unit

Voitage constant

Veonst

Venfy operation of DAU

Resistance constant

Reonst

None required

Page
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HOT2000 Version 7.10b File: AHCASE31.HDF Feb 29/96 09:30:42 Page

khkkkkkhkhkkkhkhkkkhkkhkhhkhkkhkkhkkkkkkkkkhkhkhkhhhkhhkhkkk

*

* HOT2000

* Version 7.10b

* CANMET

* Natural Resources CANADA
* Apr 30, 1895

* Reg. # CD000172

*

*
*
*
*
*
*
*
kkhkhkhhhhhhkhhhhhhhhkhkdkrkhhhkkhhkkkrkkhx*
File = E:\001\REPORTS\AHCASE31.HDF

Weather Data for WINNIPEG, MANITOBA

Buildexr Code =

Data Entry by: GP Date of entry
Client name: Manitoba Advanced House

" Street address:

City: Winnipeg Region: Manitoba

Postal code: Telephone:

*** GENERAL HOUSE CHARACTERISTICS **%*

House type: Single detached

Number of storeys: Two storeys

Wall construction: Platform frame, double stud wall
Year House Built: 1992

Wall colour: White 0.25 Value .250
Plan shape: Square Front orientation North

20/01/1996

SOIL TYPE: Normal conductivity: dry sand, loam, clay, low water table

HOUSE THERMAL MASS LEVEL: (A) Wood frame construction, 12.5 mm (0.5 in.)
gyproc walls and ceiling, wooden floor

Effective mass fraction 1.000

Occupants : 2 Adults for 50.0 % of the time
2 Children for 50.0 % of the time
0 Infants for .0 % of the time

Sensible Internal Heat Gain From Occupants

*** HOUSE TEMPERATURES ***

Heating Temperatures Main Floor = 69.8 F
Basement = 68.0 F
TEMP. Rise from 69.8 F = 6.3 F

‘Basement is- Heated: Yes Cooled: No Separate T/S: No

2.40 kWh/day

1




HOT2000 Version 7.10b File: AHCASE31l.HDF Feb 29/96 09:30:42 Page 2
Indoor design temperatures for equipment sizing
Heating = 71.6 F
Cooling = 75.2 F
**% PFOUNDATION CONSTRUCTION CHARACTERISTICS ***
Foundation Attachment Insulation Volume
Construction Sides Placement Ft3
Full Basement None Interior 9538.0
*%* WINDOW CHARACTERISTICS #**%*
Direc- Seq Loc. # of Type Window OverHang Header SHGC Curtain
tion # Code Windows Width Height Width Height Factor
Ft Ft Ft Ft
South 1 M1 2 00 2.350 5.340 2.00 .67 .3414 1.000
2 M1 4 01 2.480 2.000 2.00 .00 .2601 1.000
3 D2 1 00 2.210 5.920 2.00 2.67 .3404 1.000
4 D4 2 00 2.420 5.920 2.00 1.20 .3442 1.000
5 M1 3 00 2.350 2.670 4.00 1.00 .324595 1.000
6 M1 3 00 2.350 3.390 4.00 4.00 .3319 1.000
7 M1 4 00 1.675 2.670 3.00 1.00 .3096 1.000
8 M1 1 00 2.350 2.670 1.00 .50 .3249 1.000
9 M1 1 00 2.350 3.350 4.00 3.50 .3316 1.000
10 B1 3 300224 2.350 2.000 1.00 1.00 .3802 1.000
East 1 M1 1 00 1.210 1.210 2.00 9.00 .2543 1.000
2 M1 2 00 2.680 2.040 2.00 9.00 .3193 1.000
3 M1 1 01 2.380 5.000 2.00 2.00 .2995 1.000
North 1 M1 2 00 4.000 3.390 1.00 2.00 .3479 1.000
2 M1 1 01 6.620 2.670 2.00 1.00 .3137 1.000
3 M1 1 00 6.620 4.000 2.00 4.00 .3613 1.000
West i M1 1 00 1.210 1.210 2.00 .67 .2543 1.000
Southwest 1 M1 2 01 2.020 4.000 3.00 2.67 .2812 1.000
**% WINDOW PARAMETER CODES SCHEDULE ***
Code Description

( Glazings, Coatings, Fill, Spacer, Type, Frame )

1 300224 Triple/Triple with 1 coat, Clear, 13 mm Air, Insulating,
Slider with sash, Vinyl, ER* = -6.8, Eff. R= .51

Window Standard Energy Rating estimated for assumed dimensions, and
Air tightness type: CSA - Fixed; Leakage rate = .25 m3/hr/m

*** USER-DEFINED WINDOW CODES SCHEDULE **¥*
Code Description Window Type

1 00 A/H fixed Picture
2 01 A/H awnings/casement Hinged
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*%*%* USER-DEFINED WINDOW CODES: DATA ***
Code R -Values Frame Ht. Centre of
Centre of Glass Edge of Glass Frame In Glass SHGC
1 00 9.300 7.400 2.700 1.6 .400
2 01 9.300 7.400 2.600 2.8 .400

**% BUILDING PARAMETER DETAILS

CEILING COMPONENTS

Construction Code Roof Heel Ht. Section R-Value
Type Type Slope Ft Area Ft2 R
Cl Attic/Hip 211 6.00 / 12 .67 645.70 58.43
C2 Attic/Gable 211 6.00 / 12 .67 467.60 58.28
WALL COMPONENTS
Wall Type Lintel Facing Number of Height Perim. Area R-Value
Code Type Dir Corners Inter. Ft Ft Ft2 R
Main Walls
M1 111 101 N/A 1 2 8.60 245.8 2113.88 43 .62
M2 0000000000 N/A N/A 0 0 1.00 29.0 29.00 60.00
Basement Walls above grade
Bl 112 N/A N/A 1 0 2.00 63.1 126.20 31.14
B2 0000000000 N/A N/A 1 1 1.00 126.2 126.20 35.00
Upper Basement Walls
1 113 N/A N/A 1 0 2.00 126.2 252.40 40.18
Lower basement walls
1 113 N/A N/A 1 0 5.68 126.2 716.82 41.18
FLOORS
Seq # Construction Section R-Value
Type Area Ft R
Exposed or overhanging floors 1 0000000000 70.00 46.00
Full Depth Floor Perimeter 1 311 369.60 11.67
Full Depth Floor Centre 1 311 610.00 11.67
Floors above Basement 1 4512008300 1054.00 5.08
DOORS
Location Type Height Width Gross Area R-value
Ft Ft Ft2 R
D1 M1 Steel polyurethane core 7.00 3.63 25.41 6.47
D2 M1 Steel polyurethane core 7.00 3.26 22.82 6.47
D3 M1 Steel polyurethane core 7.00 3.63 25.41 6.47
D4 M1 Steel polyurethane core 7.00 6.28 43.96 6.47

* %k
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*** Interior Floor PARAMETER CODES SCHEDULE **x*

Code Description

(Str., typ/size, Spac., Insl, 2, Int, Sheath, Ext., Drop Floors)

1 4512008300 Composite wood joist, 38 x 302 mm (2 x 11.875 in),
487 mm (19 in), None, None, Carpet & underpad,
Waferboard/OSB 15.9 mm (5/8 in), None, No
**%%* USER-DEFINED STRUCTURE CODES SCHEDULE **%*
Code Description
1 211 R-60 cellulose, truss 16" o/c
2 111 R-46, 12", A/H double stud
3 112 A/G bsmt. wall, R-32
4 113 B/G bsmt. wall, R-241
5 311
*** [,intel PARAMETER CODES SCHEDULE ***
Code Description
( Type, Material, Insulation )
1 101 Double, Wood, Same as wall framing cavity
**% USER-DEFINED LINTEL CODES SCHEDULE *%*%*
Code Description
1 L1
2 Lo2
Roof Cavity Inputs
Gable Ends Total Area 77.9 Ft2
Sheathing Material: Plywood/Part. bd 9.5 mm (3/8 in) .47 R
Exterior Material: Hollow metal/vinyl cladding .62 R
Sloped Roof Total Area 1244.7 Ft2
Sheathing Material: Plywood/Part. bd 12.7 mm (1/2 in) .63 R
Roofing Material: Asphalt shingles - _ .44 R
Roof colour: Medium brown 0.84 Absorptivity: .840

Total cavity volume 2706.6 Ft3 Ventilation rate .50 ACH/hr

4
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*** BUILDING ASSEMBLY DETAILS ***

CEILING COMPONENTS

Loc Construction
Code

C1 211

c2 211

WALL COMPONENTS

Loc Construction
Code

) Main Walls
M1 111

Basement Walls above grade

Bl 112

Upper Basement Walls
1l 113

Lower basement walls
1 113 »

FLOORS

Component

Full Depth Floor Perimeter

Full Depth Floor Centre
Floors above Basement

WINDOWS
Orientation
Location Number Type
(Code)
South
M1 2 00
M1 4 01
D2 1 00
D4 2 00
M1 3 00
M1 3 00
M1 4 00
M1 1 00
M1 1 00
Bl 3 300224
East
M1 1 00
M1 2 00
M1 1 01

Seq Construction
# Code
1 311
1 311
1 4512008300
Total R
Area (Ft2) Window
25.10 6.44
19.84 4.56
13.08 6.41
28.65 6.54
18.82 5.85
23.90 6.15
17.89 5.55
6.27 5.95
7.87 6.14
14.10 2.74
1.46 4.50
10.93 5.80
11.90 5.31

Nominal
R

60.39

60.39

Nominal
R

45.96

31.82

38.96

38.96

Nominal

10.01
10.01
.00

(Shutter)

System

58.84
58.84

System

43.77

31.14

40.18

41.18

System

11.67
11.67
5.08

Effective
R
58.43
58.28

Effective
R

43.62

31.14

40.18

41.18

Effective
R
11.67
11.67
5.08

5
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Fan and Preheater Power at 32.0 F

Fan and Preheater Power at -13.0 F

PreHeater Capacity:

Sensible Heat Recovery Efficiency at 32.0 F
Sensible Heat Recovery Efficiency at -13.0 F
Total Heat Recovery Efficiency in Cooling mode

Hoh

([

Low Temperature Ventilation Reduction =
Low Temperature Ventllatlon Reduction: Airflow Adjustment=

1
1

Vented combustion appllance depressurization limit = 10.0 Pa.

Ventilation Supply Duct

Location : Basement Type : Ext. insulated Sheet metal

Length 15.0 Ft Diameter 10.0 In
Insulation 4.0 R

Ventilation Exhaust Duct
Location : Basement Type : Flexible

Length 5.0 Ft Diameter 6.0 In
Insulation - 4.0 R

**% ATR LEAKAGE AND VENTILATION SUMMARY ***

F326 Required continuous ventilation rate
Central Ventilation Rate ( Balanced )
Total house ventilation is Ralanced

Hon

Gross Air Leakage and Ventilation Energy Load

Seasonal Heat Recovery Ventilator Efficiency

Estimated Ventilation Electrical Load: Heating Hours
Estimated Ventilation Electrical Load: Non-Heating Hours
Net Air Leakage and Ventilation Energy Load

[ LA | I

*** SPACE HEATING SYSTEM **x*

PRIMARY Heating Fuel : Natural Gas

Equipment : Condensing furnace/boiler

Manufacturer : Mor-Flo/American

Model : Polaris

Output Capacity = 93999.7 BTU/hr
Steady State Efficiency = 95.4 %

Fan Mode : Continuous Fan Power 225. watts

**% DOMESTIC WATER HEATING SYSTEM **%*

PRIMARY Water Heating Fuel : Natural Gas
Water Heating Equipment : Condensing
Energy Factor : .860
Manufacturer

Model

Tank Capacity = 33.3 Imp Gal Tank Blanket Insulation

Sealing Characteristics : Sealed

Sealing Characteristics : Sealed

148.3
148.3

70
73

2.

37.

Feb 29/96 09:30:42

Page 8

08. Watts
08. Watts
0. Watts

80.
77.
25.

cfm
cfm

.542
.238
967
.261
551

Mil

=)

Mil.

Mil
Mil

—
~J
o\@

.35 ACH)
.35 ACH)

.BTU
BTU

.BTU
.BTU
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*%% ANNUAL SPACE HEATING SUMMARY **=*

Design Heat Loss at -27.4 F
Including credit for HRV

1.63 BTU/hr/Ft3
1.16 BTU/hr/Ft3

Gross Space Heating Load
Usable Internal Gains

Usable- Internal Gains Fraction
Usable Solar Gains

Usable Solar Gains Fraction
Auxiliary Energy Required

Space Heating System Load
Furnace/Boiler Seasonal efficiency
Furnace/Boiler Annual Energy Consumption

= 41494.
29541.

1]

85.951
23.159
26.9
16.001
18.6
45.925

o o

45.925
94.7
48.139

wouwn

*%% ANNUAL DOMESTIC WATER HEATING SUMMARY **%*

Daily Hot Water Consumption -
Hot Water Temperature
Estimated Domestic Water Heating Load

PRIMARY Domestic Water Heating Energy Consumption
PRIMARY System Seasonal Efficiency

*%%* BASE LOADS SUMMARY *#*x*

kwh/day

Interior Lighting 3.0

Appliances 10.1

Other _ .0

Exterior use .5
HVAC fans

HRV/Exhaust 2.6

Space Heating 5.4

Space Cooling 0

Total Average Electrical Load 21.6

37.1
131.0
12.124

o

i

14.450
83.9

42

Page 9

BTU/hr
BTU/hr

Mil

[}
K3

Mil.

o\®

Mil

Mil.

o\®

Mil

Imp

Mil

Mil.

Annual kWh

1095.
3686.

0
5

.0

182.

946.
1971.

7881.

R-2000 Energy Efficient Lighting Credits

Area

Kitchen

Main hallway

Living room

Family room

Dining room, or bedroom, or entrance,
or bathroom, or other finished room

Credit

(kwh/yr)

110
70
65
65

17

Utility or laundry room, or other unfinished room 9

5

[eNeN

Applied

.BTU
Mil.

BTU

BTU

.BTU

BTU

.BTU

Gal

.BTU

BTU

Yes
Yes
Yes
Yes

Yes
Yes

/day
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Total R
Area (Ft2) Window ({Shutter)
27.12 6.67
17.68 5.64
26.48 7.19
l1.46 4 .50
16.16 4 .92

*** BUILDING PARAMETERS SUMMARY **=*

HOT2000 Version 7.10b
WINDOWS
Orientation
Location Number Type
(Code)
North
M1- 2 00
M1 1 o1 -
M1 1 00
West
M1 1 00
Southwest
M1 2 01
Component
ZONE 1 : ABOVE GRADE
Ceiling
Main Walls
Doors

Exposed floors
South windows
East windows
North windows
West windows
Southwest windows

INTER-ZONE Heat Transfer

Area (Ft2) Effective Heat Loss
Gross Net R Mil.BTU
1113.30 1113.30 58.37 4.422
2142.88 17%2.39 43.81 11.708
117.60 75.86 6.47 3.487
70.00 70.00 46.00 .426
161.43 161.43 5.92 8.116
24 .30 24 .30 5.45 1.325
71.28 71.28 6.55 3.237
1.46 1.46 4 .50 097
16.16 16.16 4 .92 976
ZONE 1 Totals: 33.794

Floors
1054.

Above Shallow and Full Basement
00 1054.00 5.08 9.447

/-\

0,

Page

=

6

> Annual

Heat Loss

i

/ 13.
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ZONE 2 : SHALLOW / FULL BASEMENT

Basement Walls above grade 252.40 238.30 33

South windows 14.10 14.10 2
Upper Basement Walls 252.40 252.40 40
Lower basement walls 716.82 716.82 40
Full Depth Floor Perimeter 369.60 369.60 11

Full Depth Floor Centre 610.00 610.00 11

ZONE 2 Totals:

Ventilation
House Air
Volume Change
25485.2 Ft3 .520 ACH

*** ATR LEAKAGE AND VENTILATION ***

Building Envelope Surface Area
Air Leakage Test Results at 50 Pa. (0.2 in H20)
Equivalent Leakage Area @ 10 Pa.

Terrain Description
@ Weather Station : Open flat terrain, grass
@ Building site : Suburban, forest

Local Shielding- Walls: Heavy
Flue : Light local shielding

Leakage Fractions - Ceiling: .200 Walls:
Normalized Leakage Area @ 10 Pa.

Estimated Airflow to cause a 5 Pa Pressure Differen
Estimated Airflow to cause a 10 Pa Pressure Differen

**% F326 VENTILATION REQUIREMENTS ***

Kitchen,living,dining: 3 rooms @ 10
Bedrooms: 1 rooms @ 20
Bedrooms: 2 rooms @ 10
Bathrooms: 3 rooms @ 10
Other habitable rooms: 2 rooms @ 10

Basement Rooms:

*%%* CENTRAL VENTILATION SYSTEM *
System Type : Heat recovery ventilator (HRV)
Manufacturer: Nutech

Model Number: 185 DCS

* %

29/96 09:30:42 Page 7
.07 2.003 / 2.33
.74 1.429 1.66
.91 1.207 1.40
.91 3.263 3.80
.67 3.726 4 .34
.67 4.460 5.19
16.089 18.72
Heat Loss % Annual
Mil.BTU Heat Loss
36.068 41.96
= §527.4 Ft2
= 1.17 ACH
= 52.4 in2
Height Ft
Anemometer 32.8
Bldg. Eaves 18.0
.650 Floors: .150
= .0095 in2/ft2
ce = 114 cfm
ce = 178 cfm
cfm = 30 cfm
cfm = 20 cfm
cfm = 20 cfm
cfm = 30 cfm
cfm = 20 cfm
20 cfm




Tank Location
Pilot Enexrgy

Basement
.0 BTU/hr

Flue Diameter

In
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*** FAN OPERATION SUMMARY (kWh) ***

Hours HRV/Exhaust Fans Space Heating Space Cooling
Heating 869.7 109.9 .0
Neither 76.4 1861.1 .0
Cooling .0 .0 0
Total 946.1 1971.0 .0

**%% R-2000 HOME PROGRAM ENERGY CONSUMPTION SUMMARY REPORT ***

Estimated Annual Space Heating Energy Consumption = 51185. MJ = 14218.2 kWh
Ventilator Electrical Consumption: Heating Hours = 3131. MJ = 869.7 kWh
Estimated Annual DHW Heating Energy Consumption = 15246. MJ = 4234.9 kWh
ESTIMATED ANNUAL SPACE + DHW ENERGY CONSUMPTION = 69562. MJ = 19322.8 kWh
ANNUAL R-2000 SPACE + DHW ENERGY CONSUMPTION TARGET = 118559. MJ = 32933.0 kWh
(Credit included for Energy Efficient Lighting) = 1210. MJ = 336.0 kWh
*%%x ESTIMATED ANNUAL FUEL CONSUMPTION SUMMARY ***
Fuel Space Space DHW Appliances Total
Heating Cooling Heating

Natural Gas (MCF) 48.1 .0 14.5 .0 62.6
Electricity (kWh) 2840.7 .0 .0 5040.4 7881.1

*%% MONTHLY ENERGY PROFILE ***

Month Energy Load Internal Gains Solar Gains Aux. Energy HRV Eff.

Mil.BTU Mil.BTU Mil.BTU Mil.BTU %

Jan 15.585 2.237 2.280 11.068 75.5 A
Feb 12.755 2.017 2.368 8.370 76.1

Mar 11.105 2.239 2.597 6.270 76.5

Apr 6.689 2.180 1.500 3.009 76.0 :
May 3.965 2.240 1.222 .503 72.2 ]
Jun 1.630 1.409 .221 .000 66.6

Jul .922 .890 .031 .000 61.7

Aug 1.205 1.125 .080 .000 66.3

Sep 3.177 2.089 .909 .179 72.1

Oct 5.526 2.287 1.399 1.840 75.1 e
Nov 9.139 2.195 1.555 5.389 76.9

Dec 13.386 2.250 1.839 9.297 76.2

Annual 85.084 23.159 16.001 45.925 73.2
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*** FOUNDATION AND VENTILATION ENERGY PROFILE ***

Month Heat Loss (Mil.BTU) Temperature (Deg F) Air Change Rate
Crawl Slab Shallow/ Air Crawl Basement Natural Total
Space Full Space
Jan .000 .000 1.117 7.320 .0 67.5 .219 .574
Feb : .000 .000 .844 5.822 .0 67.2 .211 .566
Mar .000 .000 .632 4.848 .0 67.0 .199 .554
Apr .000 .000 .304 2.612 .0 67.1 .180 .535
May .000 .000 .051 1.317 .0 67.6 .151 .506
Jun .000 .000 .000 .420 .0 68.5 .117 .472
Jul .000 .000 .000 .139 .0 70.1 .087 .442
Aug .000 .000 .000 .299 .0 69.9 .099 .454
Sep .000 .000 .018 1.073 .0 68.3 .148 .503
Oct .000 .000 .186 2.145 .0 68.0 .169 .524
Nov .000 .000 .544 3.934 .0 67.8 .193 .548
Dec .000 .000 .938 6.139 .0 67.7 .208 .564
Annual .000 .000 4.634 36.068 .0 68.1 ' .165 .520

*** SPACE HEATING SYSTEM PERFORMANCE ***

Month Space Heating Furnace Pilot Indoor Heat Pump Total System
Load Input Light Fans Input Input Cop
Mil.BTU Mil.BTU Mil.BTU Mil.BTU Mil.BTU Mil.BTU
Jan 11.068 11.602 000 .571 000 12.173 .947
Feb 8.370 8.773 000 516 000 9.289 .947
Mar 6.270 6.572 000 571 000 7.143 . 947
Apr 3.009 3.155 000 553 000 3.707 .947
May 503 527 000 571 000 1.098 .947
Jun 000 000 000 553 000 553 000
Jul 000 000 000 571 000 571 000
Aug 000 000 000 571 000 571 000
Sep 179 188 .000 553 .000 741 947
Oct 1.840 1.928 .000 571 .000 2.499 947
Nov 5.389 5.649 .000 553 .000 6.202 947
Dec $.297 9.745 .000 571 .000 10.316 947

Ann 45.925 48.139 .000 6.725 .000 54.865 .947
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**%* MONTHLY ESTIMATED ENERGY CONSUMPTION BY DEVICE ( Mil.BTU ) **+*

Space Heating DHW Heating Lights & HRV & Air
Primary Secondary Primary Secondary Appliances FANS Conditione:
Jan 11.602 .000 1.295 .000 1.439 . 845 .000
Feb 8.773 .000 1.180 .000 1.299 .764 .000
Mar 6.572 .000 1.296 .000 1.439 . 845 .000
Apr 3.155 - .000 1.227 .000 1.392 .818 .000
May .527 .000 1.228 .000 1.439 .845 .000
Jun .000 .000 1.150 .000 1.392 .818 .000
Jul .000 .000 1.160 .000 1.439 .845 .000
Avg .000 .000 1.150 .000 1..439 . 845 .000
Sep .188 .000 1.122 .000 1.392 .818 .000
Oct 1.928 .000 1.188 .000 1.439 . 845 .000
Nov 5.649 .000 1.188 .000 1.392 .818 .000
Dec 9.745 .000 . 1.266 .000 1.439 . 845 .000
Total 48.139 .000 14.450 .000 16.938 9.853 .000

khkkkhkkhkkkhhkkhkkkkkdkk*k

Energy units: MIL.BTU = Million British Thermal Units (3413 BTU = 1 kWh)

The calculated heat losses and energy consumptions are only
estimates, based upon the data entered and assumptions
within the program. Actual energy consumption and heat
losses will be influenced by construction practices,
localized weather, equipment characteristics and the
lifestyle of the occupants.






