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1.
Introduction
This report is a simulation study of the energy performance of New Zealand homes constructed with solid wood walls, compared with lightweight timber frame walls. It extends the simulation analysis in [1] by determining potential energy savings due to solid wood’s superior thermal mass.
The objective was to determine the potential energy savings when a New Zealand home is built with exterior-insulated solid wood external walls and solid wood internal walls instead of timber frame walls. The study was limited to 45 mm and 60 mm thick solid wood walls, insulated (external walls) to achieve R-values equivalent to those of timber frame walls.    
As in [1] the energy performance of a home is defined as the sum of its heating and cooling energies, per m2 of floor area, where the heating energy is the energy added to the home by heating equipment and the cooling energy is the energy removed by air conditioning equipment.
2.
Method
The energy savings due to solid wood construction were determined using the BSim (version 4,6,8,22) dynamic building energy program to simulate the energy flows in a model house over a typical meteorological year.  Houses were simulated at Auckland and Christchurch.
The study was based on the model house in Figure 1, which was used in [1]. The house was modelled with seven thermal zones - living rooms, passage and study, master bedroom and ensuite, bedroom 2, bedroom 3 and bathroom, garage and attic. Moisture flows in the building fabric were not modelled.
The solid wood and timber frame constructions that were analysed are described in Table 1. 
Wood properties

The density, thermal conductivity and specific heat of wood in all constructions was treated as constant and equal to 470 kg/m3, 0.12 W/mK and 1800 J/kgK respectively.

Air exchange

A constant infiltration rate of 0.5 air changes per hour was used for each conditioned zone of the house.  Airflow between the zones was modelled in a simple manner.  Doors along the passage were assumed to always be open and airflows were treated as constant.  
Table 1
Model house constructions
	Element
	Description
	R-value (m2K/W)

	
	
	Auckland
	Christchurch

	Roof
	Corrugated steel on timber truss with horizontal plasterboard ceiling.
	3.1
	3.5

	Floor
	Concrete slab-on-ground. Carpet on approx. 80% of floor and approx. 20% exposed concrete.
	1.3 (exposed)
	1.9 (exposed)

	Windows
	Double glazing. Glazing area of windows equal to 80% of total window area.  Windows shaded by a 0.6 m wide eave and insulated with R0.11 curtains at night. Glazing area on north-facing walls was approx. 15% of floor area and the glazing area distributed over the other walls was approx. 10% of floor area.
	0.26
	0.26

	Walls
	1.
Frame: timber frame brick veneer external walls and timber frame internal walls

2.
45 Wood: exterior-insulated 45 mm thick solid wood external walls, and internal walls a combination of 45 mm thick solid wood (80%) and timber frame (20%) constructions.

3.
60 Wood: exterior-insulated 60 mm thick solid wood external walls, and internal walls a combination of 60 mm thick solid wood (80%) and timber frame (20%) constructions.
	Varies
	Varies


Figure 1
Model house floor plan (northerly orientation)
[image: image1.wmf][image: image2.emf]1
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Internal sensible heat gains

Internal sensible heat gains from three sources were accounted for:
1.
100 W of continuous heat from the hot water cylinder was added to the passage zone
2.
Electrical equipment with loads varying throughout the day as specified in Appendix A of New Zealand Standard NZS 4218:2004 Energy efficiency – small building envelope.
3.
4 people, who occupy the living rooms from 8am-10pm and the bedrooms the rest of the day.  The heat gain was assumed to be 80 W per person.  In the case of the living rooms, this heat gain was multiplied by the occupancy factors in New Zealand Standard NZS 4218:2004.    
Heating 

Heating was by convection heaters with sufficient capacity to maintain the heating temperature during the heating season, 1 April-31 October. An all day heating regime was simulated – 16/20oC minimum in living rooms from 11pm-7am/7am-11pm, and 16oC minimum in other rooms all day.
Air heaters maintained minimum operative temperatures in each zone.  Operative temperature accounts for the effects of air temperature and radiation on thermal comfort, but does not account for humidity.
Cooling

Internal shades, with a solar transmittance equal to 50%, were drawn over a window when the zone temperature exceeded 24.5oC.

Venting at up to 4 ach during still conditions, rising to 6 ach when the wind speed exceeded 10 m/s, was used to try to limit the indoor temperature to 25oC.

The model house was air conditioned if the annual overheating time exceeded 100 hours. Overheating was deemed to occur when venting was unable to maintain the living room below 26oC. The simulated air conditioners cooled the indoors to 25.5oC without dehumidifying the air.    
3.
Results

It can be seen from Figures 2 and 3 that heating, cooling and total energy use are reduced when a home is built with exterior-insulated solid wood external walls and solid wood internal walls, instead of timber frame walls. This statement is true for Auckland and Christchurch, indicating that the superior thermal mass of solid wood construction provides an energy advantage in warm and cool climates. 
The percentage savings in total energy use depends on the thickness of the solid wood walls, external wall R-value and the location. For 45 mm solid wood, the savings range from 5.2-8.6% at Auckland and 1.3-2.8% at Christchurch, with savings increasing with increasing R-value. For 60 mm solid wood, the savings range from 14.2-17.6% at Auckland and 6.3-8.0% at Christchurch. While the percentage savings in energy use are greatest at Auckland, the absolute savings are greatest at Christchurch.  
Figure 2
Annual heating, cooling and total energy use of the model house at Auckland for timber frame, 45 mm solid wood and 60 mm solid wood wall constructions. R3.1 roof, R0.26 windows and R1.3 floor. (See Table 1 for description of constructions.)
[image: image3.emf]1
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Figure 3
Annual heating, cooling and total energy use of the model house at Christchurch for timber frame,
45 mm solid wood and 60 mm solid wood wall constructions. R3.5 roof, R0.26 windows and R1.9 floor. (See Table 1 for description of constructions.)

4.
Discussion
This study has shown that the use of solid wood walls, instead of timber frame walls, reduces home heating, cooling and total energy use at Auckland and Christchurch. This indicates that solid wood has an energy advantage over timber frame in a wide range of climates.

The energy savings are entirely due to solid wood’s greater thermal mass, as they were determined by comparing solid wood and timber frame homes with the same envelope R-values.

The thermal mass of 60 mm solid wood walls is significantly greater than the thermal mass of 45 mm solid wood walls. As expected, the energy savings with 60 mm solid wood walls is significantly greater than with 45 mm solid wood walls.
The energy savings due to solid wood’s thermal mass will not only depend on location and wall R-value, it will also depend on the amount of ‘free’ solar heat within the home. This is largely determined by the size and orientation of windows.  The model house in this study had a relatively large area of north-facing windows, so large amounts of solar heat.  It seems likely that the potential energy savings reported here are near the upper end of the energy savings that can be realised in New Zealand homes.
References

[1]
L. Bellamy and D. Mackenzie, Simulation analysis of the energy performance and humidity of solid wood and light timber frame homes, 2007, Research Report, New Zealand Pine Manufacturers Association.
Not to scale


Floor area ≈ 165 m2 not including garage


Note: Floor area is the area of the floor within the external walls of the conditioned space as defined in NZS 4218:2004 
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