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Introduction

B Energy consumption for space heating/cooling
E > 21% of the national energy consumption
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Introduction

B Peak electricity demand
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Introduction

B Improved load profile
E Low energy consumption
Energy efficiency measures

B Reduce and shift peak demand
Active thermal energy storage (TES)
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Introduction

B Utilization of ambient renewable energy

E Solar energy

Passive solar heating
Solar thermal collector & PV

B Geothermal

Solar radiation
Space heating

Power




Introduction

E Building Integrated Photovoltaic/Thermal

(BIPV/T) system

B Significantly increase overall efficiency
Higher efficiency
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Introduction

E Ventilated Concrete Slab (VCS)

E Thermal energy storage
Suitable thermophysical properties
Active thermal mass
Large quantity

B Assist space heating/cooling
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Background
B CMHC* EQuilibrium (2006 ~ 2010)
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Design
&
Construction
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Key Design Features

E High performance envelope

Thermal insulation:  Walls: RSI 6.4 (R 36);

Roof: RSI 9.3t0 10.9 (53 t0 62)
— Structure integrity and acoustic insulation

Air-tightness: < 0.1 air change per hour
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Key Design Features
E Building-integrated

BIPV/T
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Key Design Features

B Passive Solar Heating

B Large south-facing windows System o
B Significant thermal mass v (o] \
(concrete slab & walls) < ]

BIPV/T
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Key Design Features

Heating

Passive Solar

South window
area to floor

area: 11%
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Key Design Features

Shading
Automation
SR T

Passive
Shading
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Building-Integrated Photovoltaic &
Thermal (BIPV/T) System
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EcoTerra

E Thermal insulation

E Two types/layers of insulation for the envelope

Basement

Above grade
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EcoTerra
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EcoTerra
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Thermal and
Energy
Performance
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PV Electrical Performance

E Modeled: 3265 kWh/yr

E Monitored: 2570 kWh/yr
B Winter snow accumulation effect
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BIPV/T

- sunny day

B Thermal energy collected: 9.5 kW @ 12:00
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BIPV/T

B Hot summer days (infrared image)

June 22th, 2008
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House and VCS

B Passive solar heating & VCS (cold sunny day)

Passive Passive & VCS
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Energy performance
B Annual Consumption by End-Use

Controls Ayx HP Heater
2.3% 0.8%
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Cooling
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Average Single-Family

10,318 kWh/year Detached Home in Canada

49 KWh/m?/yr (156 kWh/m?/yr for Québec) 38,389 KWh/year

(Matt Doiron, 2011)
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Design vs. Actual

(a) Before occupied
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(b) Occupied
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Energy Performance

B Annual Consumption by End-Use
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Cross-Laminate Timber (CLT) Basement Walls
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Cross-Laminate Timber (CLT) Basement Walls
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Cross-Laminate Timber (CLT) Basement Walls
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Cross-Laminate Timber (CLT) Basement

Walls

Effective thermal resistances

Exterior water proof membrane

3/4” XPS continuousinsulation

3-ply CLT panel

2x4@16” stud with cavity thermal insulation
Cavity insulation

Vapor barrier

Interior gypsum board and paint

Exterior water proof membrane

3-ply CLT panel

2x6@16” stud with cavity thermal insulation
Cavity insulation

Vapor barrier

Interior gypsum board and paint

Nominal RSl is 3.7, effective RSl is about 3.3 (R 18.9).

Nominal RSl is 4.5, effective RSl is about 3.9 (R 22).

Code requirement: RSI12.98 (R 17.5). Both configurations pass condensation tests.




Cross-Laminate Timber (CLT) Basement Walls
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Cross-Laminate Timber (CLT) Basement Walls
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Cross-Laminate Timber (CLT) Basement Walls
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Cross-Laminate Timber (CLT) Basement Walls

Effective thermal resistances ¥ Moisture content (4)

®@ Relative humidity (12+1)

Exterior water proof tape or sealing
2 and 3/4” XPS continuous insulation Temperature (16+1) 0.2m
Vapor barrier above ~—
3-ply CLT panel
| ground Sensor
I !\ Exterior to 05m -]t array
1 wall assembly below
| grade B
. !\ Between CLT Temp. & RH
d@ & Vapor Mid- - of room air
nH barrier height

) \ Interior to wall

Nominal and effective RSl is about 3.1 (R 17.6). assembly 0.5m A
above

Code requirement: RSI 2.98 (R 17.5). This footing
configuration passes a condensation test.
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Cross-Laminate Timber (CLT) Basement Walls

@] UNIVERSITY OF
&AL BERTA



Relative Humidity

Relative Humidity (%)
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Conclusions

E A low-energy solar home is designed, built, and
assessed.

B It integrates innovative and conventional systems

E The energy consumption is 25% of the national
average, but with potential of less than 20%.

B Low-energy design enhances energy efficiency

B Occupant factors
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Questions /
comments ?
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