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This System Concept Sheet gives an outline of the EcoTerraTM 
house, one of twelve winning house concepts of a Canadian 
nationwide contest under the EQuilibriumTM Housing Initiative 
run by the Canadian Mortgage and Housing Corporation. The 
initiative strives to realise Net Zero Energy Buildings with the 
additional criteria of occupant's health and comfort, resource 
conservation, affordability, and reproducibility all over Canada. 
The EcoTerraTM House is a modular prefabricated house that 
can be assembled on-site in about one day. The building con-
cept incorporates a high-performance thermal envelope, pas-
sive solar design, active heat recovery and integration of on-
site renewable energy generation. Eliminated thermal bridges 
and triple-glazed windows guarantee a good envelope perfor-
mance. An open design with sufficient thermal mass facilitates 
use of passive solar gains and reduced cooling needs in sum-
mertime. The system incorporates ventilation air and waste 
water heat recovery as well as a building-integrated solar PV/ 
thermal (BIPV/T) system, which generates solar electricity and 
heat at the same time. The preheated air by the roof top PV/T-
system is used as heat source for direct heating of a hollow 
concrete slab in the living room to the store heat energy in the 
concrete. The system is equipped with a ground-coupled heat 
pump for periods with little solar irradiation, which additionally 
enables passive ground-coupled cooling in summertime. The 
heat pump works on a thermal storage which is connected to 
the heating and DHW system. 
The unoccupied house has been monitored for one year, and 
is continued to be monitored after occupation in Nov. 2009. 
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·  Location: Eastman, Québec, Canada  

·  Pre-fabricated wood frame modular housing concept 

·  Heated floor area/volume: 234 m2/671 m3 

·  Calculated space heating demand: 10 kWh/(m2·a) 

·  R-37.5 walls, R-54.2 ceiling, R-22 basement walls,  
R-7 slab 

·  Windows: triple glazing 
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The Canadian Mortgage and Housing Corporation (CMHC) has initiated 
a contest of 13 pilot and demonstration so-called EQuilibriumTM house 
projects, which refers to the Net Zero Energy building (NZEB) approach. 
EQuilibrium housing also incorporates the principles of occupant health 
and comfort, affordability, resource conservation and reduced environ-
mental impacts. These significantly reduce greenhouse gas emissions 
and minimise the detrimental environmental impacts of housing on wa-
ter, land and air. One winner of the contest was the concept of the Eco 
TerraTM house, which is a prefabricated house to be erected in one day. 
Field monitoring is ongoing since winter 2008. 
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The technical concept of the EcoTerraTM house incorporates a highly 
efficient thermal envelope, the optimisation of passive solar gains, vari-
ous energy recovery strategies, integrated renewable energy systems 
and sustainable building practices. 
The EcoTerraTM house is a prefabricated house concept, which is 
delivered as six modules, which are assembled on-site in short time, 
including a technical pod in the basement and the PV/T system on the 
roof. 
The high performance building envelope has a thorough thermal 
insulation avoiding thermal bridges and a triple glazing. The construction 
provides an open structure and massive concrete floor in order to store 
solar gains in the thermal mass and optimised for use of daylighting. 
Energy recovery systems include a ventilation heat recovery integrated 
in the mechanical ventilation system, which is driven by EC motors and 
is controlled by the home automation system. Furthermore, a drain water 
heat recovery for preheating the fresh water is included.  
The renewable energy systems consists of the core component is a 3 
kWp roof-integrated PV/Thermal (BIPV/T) array producing 3420 kWh 
annually, while the heat is used for clothes drying, for preheating the 
DHW and to heat-up the concrete slab for heating purpose. Moreover, 
as heating system a 3 ton, two-stage, geothermal heat pump is installed. 

Components and layout of the system technology in 
the EcoTerraTM House 

Planning of the shading of the EcoTerraTM house in Eastman 
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Renewable energy systems  

BIPV/T system: 3 kW p PV system, annual  
 energy output 3420 kWh 

(calculated), Grid-connected 
with net metering system 

Heat pump  3 ton,  two-stage,  
ground-coupled heat pump 

 

Energy recovery systems  

Ventilation mechanical ventilation 
system with EC motors  
and heat recovery, integrated 
in the home automation 
system 

Domestic Hot Water Drain water heat recovery 
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The house is sold by the Canadian home builder Alouette Home Ltd., so 
all components of the building and system technology are available on 
the market. 

Principle and realisation of the Building Integrated 
Photovoltaic/Thermal (BIPV/T) system 
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Space heating represents the main part of annual energy con-
sumption. 
The annual gross space heating need of the house was 
estimated to 21795 kWh without the contributions of passive solar 
gains and renewable energies. With consideration of achievable 
passive solar gains of 9592 kWh/a and internal gains of 3491 
kWh/a, the estimated net annual space heating need is reduced 
to 8712 kWh/a. The DHW need was approximated to 3353 kWh/a 
based on a DHW use of 150 l/d at 55°C. 
The annual electrical energy required for interior lighting, appli-
ances and use electrical equipment (e.g. exterior lighting and 
dryer) was estimated to 3974 kWh/a and 617 kWh for mechanical 
ventilation. Thus, the total annual energy need of the house be-
fore the application of renewable energy technologies has been 
assessed to 16656 kWh/a. 
The annual electricity generation potential of the solar PV system 
was evaluated to about 3420 kWh for a slope of 30° by use of 
RETScreen software, which, however, does not take into account 
the cooling effect of the air flow behind the PV laminates. The 
BIPV/T system is an on-grid application accompanied with an 
inverter for the AC/DC conversion. The system allows for redirec-
tion of the locally generated electricity surpluses to the grid. 
The PV/T heat recovery system of the EcoTerraTM house is esti-
mated to provide 700 kWh/a of 900 kWh/a energy need for 
clothes drying. From November to March, the hollow core con-
crete thermal mass in the basement is heated by the warm air 
from the BIPV/T system. The BIPV/T system is therefore expec-
ted to reduce the space heating need by about 3800 kWh/a in the 
heating season. For the other 7 months, the BIPV/T is estimated 
to supply � 1400 kWh/a of the annual DHW needs. 
The electricity used for DHW could be reduced from 3353 kWh/a 
to 553 kWh/a by the heat pump desuperheater, BIPV/T system 
and a heat recovery of 21% of the drain-water depending on 
actual water consumption. If the storage volume is adequate, it 
can be heated further with the desuperheater. The energy con-
sumption of indoor lighting, appliances and equipment was 
decreased to 3274 kWh/a with the reduced clothes dryer annual 
energy need. With the PV electricity generation of 3420 kWh/a, 
the annual energy consumption of the EcoTerra house can be re-
estimated at 3856 kWh/a. 
Field monitoring started in Nov. 2008 with the unoccupied home. 
and is intended to continue as long-term monitoring for about 3-5 
years with occupants. 
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Measured air temperatures of the PV/T system 
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Conventional home in Quebéc 

Annual consumption 26000 kWh 

EcoTerra Home 

Gross space heating needs 21795 kWh 

Passive solar gain   9592 kWh 

Internal gains   3491 kWh  

Net space heating needs   8712 kWh 

Net DHW (incl. desuperheater)     553 kWh 

Lighting, appliances, equipment   3274 kWh 

Ventilation     617 kWh  

Total need without renewable 13156 kWh  

Generated electricity solar PV   3420 kWh 

Clothes drying heat from the PV/T     700 kWh 

Hollow floor slab heating    3800 kWh 

Supply of DHW need in summer   1400 kWh  

Net Energy demand   3856 kWh 

Calculated balance of the EcoTerraTM EquilibriumTM Net Zero Energy House 

Simulated energy generation of the PV/T system 
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Building integrated PV/Thermal system (BIPV/T) 
BIPV/T systems enable a double use of a solar PV 
system. While solar electricity is generated, PV panels 
heat-up by the solar irradiation, which deteriorates the 
efficiency of the cells. By cooling the PV-panels, heat 
can be recovered from the system, while the efficiency 
decrease can be avoided. In the EcoTerraTM House, 
the heat of the BIPV/T is used for drying clothes, as 
DHW preheating and is stored in a concrete slab for 
room heating purpose. 
 
Modular prefabricated house concept with modular 
system technology 
The EcoTerraTM house consists of prefabricated com-
ponents, which can be assembled on the real estate in 
a short time. The building technology also follows a 
modular concept with the core components of the 
BIPV/T, the mechanical ventilation system and the 
ground-source heat pump. 
 
Drain water heat recovery 
90% of the energy used to heat water in a home is nor-
mally wasted out to the sewer. In the EcoTerraTM 
house a drain water heat recovery is installed to re-
cover heat from the waste water. The unit called Power 
PipeTM of a Canadian retailer consists of an inner 
copper drainpipe with soft copper tubes wrapped very 
tightly around the inner pipe. It is stated, that cold 
water temperature can be increased from 10 °C to 
24 °C. 
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Architecture and Design Bradley Berneche  
Alouette home Ltd. Achieving Net Zero 
E-mail: Presentation National Marketing Committee, Canadian 
Web: http://www.alouettehomes.ca Home Builders Association, Ottawa, June 6, 2008 
  
 M. Noguchi, A. Athienitis, V. Delisle, J. Ayoub,  
 B. Berneche   
Field monitoring Net Zero Energy Homes of the Future - A Case Study  
Concordia University Montréal of the ÉcoTerraTM House in Canada, Renewable Energy  
Laboratoire des Technologie de l’Energie Congress, Glasgow, Scotland, July 19-25, 2008 
Hydro-Quebéc, Shawinigan  
 Website of the EcoTerra TM house concept  
 http://www.maisonalouette.com/english/ecoterra2 
 
 
Date of System Concept Sheet: June 2010 
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Construction costs 
The total construction cost add-up to ca. $350'000 (Cana-
dian Dollar, excluding land) corresponding to about $230 
per square foot, which is about $90'000 to $110'000 over 
the cost of a conventionally built home in Quebéc. The addi-
tional cost can be broken down to $20'000 - Building 
envelope, $50'000 for the energy recuperation, $5'000 for 
reduced electrical needs (lighting, appliances etc.), $5'000 
for a reduced hot water consumption, $5'000 for the cost of 
the ventilation and $60'000 for the renewable energy 
installations (solar PV, solar thermal, geo-thermal, etc.) 
 
Health 
Reduced air leakage; balanced, fresh, filtered air to every 
room, uniform temperatures and humidity levels throughout 
the house, use of natural materials and finishes chosen to 
minimize indoor air pollution, optimization of natural lighting 
enhances the health of the inhabitants. 
 
Sustainability 
Wood frame, siding, flooring and cabinetry, use of recycled 
materials, off-site manufacturing and modular sections 
enable a more efficient use of materials, including extensive 
recycling Environmental covenants at building site, self 
contained water supply and waste water disposal and highly 
reduced carbon equivalent emissions contribute to the 
sustainability of the concept. 
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IEA HPP Annex 32  

IEA HPP Annex 32 is a corporate research project on technical building systems with heat pumps  
for the application in low energy houses.  
The project is accomplished in the Heat Pump Programme (HPP) of the International Energy Agency (IEA). 

Internet: http://www.annex32.net 


