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CMHC'S HEALTHY HOUSE IN TORONTO 
NO CONNECTIONS TO MUNICIPAL WATER OR SEWERS 

 
Picture this: a three-bedroom family home built on a small downtown lot in Metro Toronto, 
independent of city water, sewer, and natural gas. Sound like a hardship? Think again. Because these 
are just a few of the many features that make this home a clean, comfortable, environmentally 
responsible haven in the heart of the city. 
 
Seven years ago architect Martin Liefhebber's design for a self-sufficient house was one of two 
winners of Canada Mortgage and Housing Corporation's (CMHC) Healthy Housing Design 
Competition. The winning design met CMHC's criteria that new housing technologies and designs be 
workable, commercially available, and affordable for the occupants and the community while going 
easy on the planet.  
 
"Our team responded to the Healthy Housing Design Competition not as an academic exercise, but as 
a real challenge." says Liefhebber. “Each person on the team lives in the city and is part of the 
economic and psychological gridlock that has become anathema to the modern urban existence. We 
live and work in our neighbourhoods, and we worry about where our children are going to live."  The 
next step was to make the award-winning design a reality.   
 
Although there are many Canadian homes that have energy and water conservation features, 
Liefhebber's design integrates the additional Healthy Housing principles of good indoor air quality, 
affordabilty and environmental responsibility. The four-storey, semi-detached house is located in an 
established neighbourhood in downtown Toronto. And because the house requires no water, sewer or 
gas connections, it was possible to build on a lot that normally would be too expensive to develop.   
 
Some of the features of CMHC's Healthy House in Toronto include: 
- Water consumption in this house is reduced to 10% of that in a typical household; 
        720 litres of water are used in the house each day, 600 litres of which are recycled 
- Rain and snow are the sole sources of water for the house 
- The dishwasher and washing machine use 50 percent less water than that of standard appliances 
- The toilets use six litres of water per flush 
- 75 percent of the space heating energy required in the house comes from the sun  
- Energy efficiency is achieved through the appliances selected, airtight wall and roof construction, 
thermally efficient windows, high levels of insulation in the building envelope, vertical orientation of 
the house, and the optimum use of solar energy and thermal mass to maintain a stable temperature. 
The corrugated metal decking in the suspended floor / ceiling system holds 45 metric tonnes (50 tons) 
of concrete, which provides adequate thermal mass for the passive solar system 
- The thermal mass of the house absorbs heat during the day and releases it during the cooler hours of 
the night, thereby reducing daily swings in indoor temperature 
- Radiant hot water floor heating is used when there is not enough sunlight to provide passive heating 
- The house is designed for the installation of a back-up co-generator. This will be used when there is 
insufficient sunlight for more than four days; the expected cost to operate such a co-generator is $80 a 
year. Work is in progress to select a suitable, commercially available unit. 
(see the Sesci’98 Conference paper “Integrating Housing Energy and Transportation Energy 
Requirements” which discusses using a hybrid car to provide heat and power for the house)  
- The refrigerator uses 40 percent less energy than a modern energy efficient refrigerator 
- The heat recovery ventilator exhausts stale hour to the outside to maintain good indoor air quality 
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- Materials with reduced or no emissions, such as veneer plaster, were used to reduce air pollution at 
the source 
- Many recycled materials were used, including recycled glass in the flooring, slag from steel 
production in the mineral wool insulation, waste wood fibres in the concrete wall forms, and cellulose 
in the fibre-cement siding 
 
"This house may appear revolutionary, but it is actually based on ideas that are not new or high-tech," 
says Chris Ives, project manager for CMHC. "The result is not a demonstration house of tomorrow, 
but rather of housing choices that are do-able and affordable today. These housing choices can apply 
to both new and renovated homes, and even to rental accommodation. Despite the home's high-tech 
appearance, most of the products and systems are actually simple and straightforward. Off-grid 
houses do not necessarily require hours of labour for upkeep. In fact, everything in the house is easy 
to maintain and available in today's marketplace. All of the components in the house have proven 
track records, but some have just never been used together in one house before as an integrated 
system." 
 
The inner city lot that was chosen posed a challenge for various reasons. The 161 m2 house sits on a 
6.86 x 21.84 m lot with a 6.1 m cliff in the backyard. The vertical design of the house meant that it 
would be more visible than the garages typically built on the back lane where the lot was situated. 
Liefhebber's research confirmed that neighbours to the rear of the property would prefer to look out at 
a roof line with skylights, rather than at a straight wall with windows. Originally, the swallowtail 
back roof was to be made of metal. However, because the neighbours were concerned about glare, a 
plastic resin roofing material that resembles slate was substituted. Fortunately for the project, 
neighbours in the Riverdale area where the house is situated -- many of whom are environmentalists -
- were very supportive of the project. In fact, they actually submitted a petition to the city supporting 
it.   
 
When the project began, the Ontario Ministry of Environment and Energy, the City of Toronto Public 
Health and Ontario Hydro were concerned: here was a house that would treat all of its own sewage on 
site and would use photovoltaic systems for electricity. Generally, building code requirements dictate 
that a house in an urban centre such as Toronto must be hooked up to municipal services. Within the 
approval agencies champions for the project came forward. These visionary people saw that this 
house could demonstrate how to minimize the environmental impact of housing and yet make homes 
more affordable to build and operate. It is expected that the total operating costs for one year for 
CMHC's Healthy House in Toronto will be between $200 and $300. These costs are primarily for 
back-up heating, and maintenance of the biological filters and ozonation equipment in the water 
treatment system. 
 
The Water Treatment Systems 
 
The most difficult obstacle in the approval process was the waste water treatment system and the use 
of reclaimed water for bathing and showers. The design team looked for a system that would be easy 
to maintain, provide safeguards should any problems develop, and fit in a small space. We know that 
Canadians use a lot of water. In fact, water has the potential to be the most expensive utility we have. 
The average house is built anticipating consumption of 1600 litres per day. This is a very heavy 
volume for chemical treatment.  
 
Finding an effective waste water treatment system that would meet environmental and health 
concerns was not the key problem -- there are several excellent systems on the market. The problem 
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was space. Only 11 m2 was available for disposal of waste water. And because the house would 
depend on rainfall and snow for its water supply, it was possible that there would not be enough fresh 
water available. A conventional Class 6 septic system with an absorption trench leaching system on 
soil and using conservation measures (low flow fixtures and appliances) required 76.8 m2 plus 
distribution area for disposal. Adding a sand filter leaching system reduced the requirement to 16.9 
m2. The final solution included all of the preceding measures plus a water reclaiming system, which 
eliminated the disposal problem and meant that the house could be totally independent from 
municipal water and sewer services. By recycling 600 litres of the 720 litres of water available for 
consumption each day, disposal water is equal to treated potable water of only 120 litres/day and the 
disposal area required is 1.7 m2. 
 
The system selected was developed by Dr. Craig Jowett at the University of Waterloo and is 
appropriately called the Waterloo Biofilter™ system. It is a highly efficient waste water treatment 
system which is able to digest biological loading effectively in a small basement space -- 7 m2 in the 
case of CMHC's Healthy House in Toronto. There are no chemicals involved in this system. Primary 
treatment in a septic system ferments and biodegrades large organic molecules into smaller dissolved 
organics which are more readily treated in the aerobic Waterloo Biofilter™. A recirculation tank 
downstream from the septic system achieves denitrification in an aerobic environment. The 
secondary treatment in the Biofilter is an aerobic biological process which removes organic matter 
and effects denitrification. The Biofilter effluent passes through the recirculation tank several times.   
 
Advanced treatment and disinfection of the waste water uses a staged approach typical of drinking 
water treatment technology (note that the potable water treatment and the wastewater treatment 
streams are completely separate). The multi-stage filtration unit does not rely on the use of chemicals. 
A roughing filter of gravel layers, graded from coarse at the bottom to fine at the top, removes a large 
percentage of suspended solids by filtration throughout the depth of the bed. Then the effluent passes 
through a slow sand filter. This consists of a fine sand bed that develops a thin, biologically-active 
layer at the sand surface, which becomes very effective in adsorbing particulates, bacteria and cysts. 
A significant percentage of dissolved organic matter is also consumed. Finally, the water passes 
through an activated carbon contactor to adsorb colour, taste and odour. The unique aspect of the 
filter is that all three elements can be incorporated into a single tank.  
 
The slow sand filter is cleaned by automatic back flushing about once a month and the carbon needs 
to be replaced about once a year. If the sand filter is not cleaned when required it will simply become 
plugged-up and gradually produce less and less effluent. Water quality is not affected. If the carbon is 
not replaced only the aesthetic quality will be affected. This serves as a reminder to the occupants 
(when using reclaimed water) that attention is required.  
 
As a final barrier to pathogens, the effluent from the filter is passed twice through an ozone 
disinfection unit. This ozonation unit is equipped with a sensor that will automatically shut down the 
supply if there is insufficient disinfection due to a malfunction or fouled equipment. Treated water is 
discharged to a 1200 litre storage tank and is then pumped into the reclaimed water system.  
 
Rolf Paloheimo of Creative Communities Research Inc., the builder and owner of the house, 
says that it was vital that the system produce safe and aesthetic water reliably. "While waste water 
technology is dedicated to removing waste from water, drinking water technology is dedicated to 
ensuring that water is safe for human consumption. For me, the purpose of the polishing of the water 
in the reclamation stage is to ensure that the finished water is always acceptable."  
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Not only is Paloheimo's company selling the waste water treatment system developed for CMHC's 
Healthy House in Toronto, but he and his family have been been living in the house since November 
1996. He therefore has a personal interest as well as a business interest in the quality of water being 
produced. "As a result of this project, I as a builder, have become aware of the need for alternatives to 
existing on-site waste water systems and also to large scale collection, treatment and disposal as 
currently practiced by our cities and towns. I have great confidence in this system's ability to deliver 
safe and aesthetic water." 
 
The first waste water treatment system cost about $15,000, but Mr. Paloheimo anticipates that the 
next residential application of the system would be about $10,000. The cost could be reduced even 
further if demand warranted quantity production of the system. Ten such systems have recently been 
installed in Yellowknife, Northwest Territories, for houses normally serviced by truck haulage of 
water and sewage. 
 
The source of potable water is from rainfall and snow. The water purification system mimics the 
natural path that rain follows when it passes through the ground to a spring. Rainwater from the roof 
of the house is collected in a 20,000 litre cement cistern. Its size is based on Toronto's average annual 
precipitation and, when full, should be sufficient for the household's potable needs for five months if 
there is no rainfall. In the unlikely event of a shortfall, levels can be supplemented from outside 
sources. The cistern contains a layer of limestone to neutralize acid rain, a problem prevalent in the 
Toronto area. The water passes through a sand filter, a charcoal filter to remove odour, organics and 
low levels of hydrogen sulfide, and finally ozone treatment.  
 
The potable and reclaimed water systems are independent of each other to ensure purified rainwater 
is being consumed while reclaimed water is only used for secondary purposes. The potable water 
supplies all the sinks and the dishwasher. The reclaimed water supplies the tubs, showers, toilets and 
washing machine. Water is reclaimed and recycled three to five times.  The purified surplus water -- 
120 litres -- is discarded daily and used to water the front garden.   
 
The Electrical System 
 
Generating electricity using photovoltaic (PV) panels is not new. Solar energy has become a more 
appropriate and acceptable option for heating and electricity because of improvements in materials 
and equipment technology and the greatly reduced requirements of energy efficient housing. To 
determine how many panels are required, the amount of power needed for the equipment and 
appliances in a home must first be calculated. The more power needed, the more PV panels and 
batteries are required, and the greater the expense. CMHC's Healthy House in Toronto has eight PV 
panels mounted on a metal structure attached to the roof.  The panels act as an awning for the south 
facing windows on the fourth floor of the house to ensure that the rooms are not too bright or too hot. 
The PV panels can generate up to 2.3 kW of power on sunny days. The electricity is stored in 
batteries in the basement utility room.  A 4 kW inverter changes direct current from the 48 volt 
battery into household alternating current at 120 volts. 
 
It is expected that on the worst grey day of winter the house will consume 9 to 12 kW hours of 
electric power over a twenty-four hour period. On a typical day with five to eight hours of sunlight, it 
is possible to generate a total of 10 to 15 kW hours of power. If there is no sun at all, the batteries can 
provide about four days of power before they need recharging. Toronto has many grey days between 
November and April.  However, there is usually enough sunlight to provide sufficient power to meet 
75 percent of the household needs. Overall, this house will use about 3,600 kW hours of power in one 
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year, 900 of which will be provided from back-up sources, such as an auxiliary co-generator that 
burns a standard fuel such as gasohol.  
 
The floors in the house, which absorb the sun's rays, are a key component of the heating system. The 
thermal mass provided by 45 tonnes of concrete poured into corrugated metal decking in the 
suspended floor / ceiling system, is essential to the passive solar system performance. When solar 
heating is inadequate, radiant floor and ceiling heating provide back-up space heat. Loops of metal-
reinforced plastic pipe are evenly embedded in the concrete floors. Water is circulated through these 
pipes. The water in the pipes is a closed system, independent of the house potable water system. The 
concrete floor is poured in a light corrugated steel pan with reinforcing bars. The steel pan surface 
becomes the ceiling of the room below. The heat radiates into the rooms from the ceiling and the 
floor, providing even temperature without drafts and without raising dust. 
 
The floor absorbs excess heat during the day and releases heat during the night when it is needed. A 
2,200 litre thermal store retains the surplus heat energy. Thermostatic controls trigger the radiant 
floor heating system to supply heat to, or withdraw it from, the thermal store during the natural daily 
cycle of the house. If solar heat is not sufficient, thermostat controls trigger circulation of warm water 
from the thermal store through the floors and ceiling. 
 
Reducing the electrical demands was a prime consideration in choosing such items as the bathroom 
fans, refrigerator, freezer, stove, washing machine, dishwasher, office equipment, circulatory pumps, 
fans and even the light bulbs. There is one appliance noticeably missing. The clothes dryer found in a 
traditional house has been replaced with a drying closet. The heat recovery ventilator supplies hot air 
to dry the clothes hanging in the drying closet and exhausts the moist air to the outside. Drying time 
is about two hours, which is longer than the usual forty-five minutes in a traditional dryer. But the 
cost is almost zero and the clothes last longer with such gentle treatment. The washing machine uses 
50 percent less water and half the electricity of a standard machine. It also extracts more water in the 
spin cycle which helps to reduces drying time.  
 
An energy efficient refrigerator would still consume one-quarter of the PV panel output on a sunny 
winter day.  The compressors and condensers of the custom-built refrigerator in this house are 
positioned outside the envelope of the house to improve efficiency in winter, reduce heat gain in 
summer and help decrease noise levels inside the house. Along with increased insulation, these 
modifications achieve a 40 percent reduction in energy requirements for this appliance. 
 
Many features of the house provide more than one benefit. For instance, the large, south-facing 
windows provide passive solar heating and enough light for daily activities without the need for 
additional lighting. Solar panels provide the energy needed to heat water for domestic use, and heat 
the water in the closed-loop radiant floor heating system.  Because the solar panels are located on the 
third level and the storage tank is in the fourth-floor bathroom, the system uses gravity rather than 
electric pumps to return cold water to the panels. The solar panels are hung on the third floor of the 
house and act as a shade for the windows.  The position of the PV panels and the hot water solar 
panels allows air to flow past them to prevent overheating of the panels. 
 
Indoor Air Quality 
 
"The most important Healthy Housing guideline to follow concerns occupant health by providing a 
clean indoor environment" says Chris Ives. "This need not be difficult but it certainly helps to have a 
keen sense of smell to do a "sniff test" on every item that is brought into the house. If a building 
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material does not smell good to you, it probably is not good for your health. Much attention has been 
given to ventilation to provide good indoor air quality. CMHC's research has shown that source 
control must go hand-in-hand with continuous, controlled ventilation." 
 
Researchers are finding that more people are becoming increasingly sensitive to their indoor 
environment. With at least 25 percent of the population bothered by asthma, allergies or chemical 
sensitivity of some kind, researchers believe that there is a link between a home's air quality and the 
health of the occupants. In any house, the lifestyle of the occupants and the chemicals brought into 
the home have an impact on indoor air quality. Even just normal household cleaning products can add 
undesirable chemicals to the indoor environment. Through careful selection of building materials, 
biological and chemical contaminants have been reduced or eliminated in CMHC's Healthy House in 
Toronto. For example, a thin finish coat of veneer plaster, which has no additives, is applied over 
"blue board" on all of the walls of the house. Veneer plaster is faster to install than traditional plaster, 
and provides a harder, abuse-resistant surface which does not need to be painted. Solid surface 
countertops in the bathroom and glass impregnated concrete countertops in the kitchen are benign. 
Water-based floor and trim finishes have a low content of volatile organic compounds (VOC). The 
radiant floor heating provides a comfortable, dust-free heating system.  
 
Ventilation was also carefully considered. Air is continuously filtered to remove pollutants. The 
balanced ventilation system is continuously controlled and always turned on. One fan exhausts stale 
air while a second one draws in outside air. The "ramped" control system, which progressively 
increases the fan speed, also permits lower energy consumption. A heat exchanger recovers energy 
from the exhaust air and preheats the incoming air. 
 
Displayed to the Public 
 
CMHC's Healthy House in Toronto was completed in mid-November 1996. As all of the systems 
become fully operational they are undergoing monitoring by CMHC and its partners for one year. 
The City of Toronto Public Health has been undertaking water sampling, the Ontario Ministry of 
Environment and Energy has been analysing water quality, and the Ontario Ministry of Health has 
been doing microbiological testing on the water. Toronto Hydro and the Environment and Sustainable 
Development Division of Ontario Hydro have consulted on active solar systems for the house and 
will be monitoring the efficiency of the PV panels and the complete electrical system.  
 
CMHC's Healthy House in Toronto is located in the Broadview and Danforth area of Toronto.  
During the public display period from November 1996 - July 1997 over 30,000 visitors were given 
conducted tours. A video of 28 minutes duration “Choosing Healthy Housing” is now available from 
CMHC, together with other publications on Healthy Housing, for those who couldn't make the tour. 
Further information about CMHC's Healthy House in Toronto can be found on CMHC's web-site at 
"http://www.cmhc-schl.gc.ca" under "Healthy Housing".  
 
A new publication on passive solar housing design was released in 1998 - the 2nd edition of “Tap the 
Sun”, jointly funded by CMHC and CANMET, Natural Resources Canada. This focusses on passive 
solar techniques and home designs, complete with a CD-ROM that includes 20 house designs, 
comfort design software, a database for selecting the best windows, and Healthy Housing 
information. A program of training courses to be delivered by SESCI (Solar Energy Society of 
Canada Inc) is currently under negotiation and will use “Tap the Sun” as a course manual. 
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CMHC'S Healthy House in Toronto Project Team 

Chris Ives, Sue Ann Rothwell, Peter Russell, Debra Wright - CMHC project leaders  
 
Martin Liefhebber, Martin Liefhebber Architect Incorporated - architect  
 
Rolf Paloheimo, Creative Communities Research Inc. - developer  
 

Major Partners 

City of Toronto Public Health  
Ontario Ministry of Environment and Energy  
Ontario Ministry of Health 
consultation on water quality 
technical support on drinking water and waste water   
sampling, water quality analysis and microbiological testing 
 
Ontario Hydro, Environment and Sustainable Development Division 
Toronto Hydro 
consultation on active solar systems  
financial support for photovoltaic system  
 
Design Team 
 
CMHC 
 
Doug Hart 
solar heating and cooling systems, thermal design  
 
Ken Fong - Read Jones Christoffersen Ltd., Engineers 
structural frame  
 
Per Drewes - Ontario Hydro 
electrical system  
 
RAL Engineering Ltd., Creative Communities Research Inc., Technical University of Nova 
Scotia 
potable water system  
 
Waterloo Biofilter Systems Inc., Creative Communities Research Inc., RAL Engineering Ltd. 
waste water treatment systems  
 
Al Townshend - Blue Heron Environmental Technology, Creative Communities Research Inc., 
Martin Liefhebber Architect Incorporated 
integration of all water systems 


