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Abstract

This paper describes computer simulation results of heating energy use and temperatures levels
in New Zealand houses. Simulations were conducted for houses with varying levels of thermal
mass, thermal insulation and design, and the results were analysed in terms of thermal heat
storage benefits and of room temperature distributions.
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Introduction

This paper is a summary of the results found in the research report “The Effects of Thermal Mass
on Energy Consumption and Indoor Climate” undertaken by BRANZ for the Cement and
Concrete Association1.
Method

The energy consumption, heat flows inside the buildings and the indoor temperatures were
investigated using the thermal simulation program SUNCODE.
SUNCODE is able to model the thermal performance of buildings with walls consisting of
several layers of material, each of which is characterised by conductivity, density, specific heat
capacity and thickness. Given the correct input parameters SUNCODE is therefore able to
model the performance of concrete materials and construction practices as well as timber framed
assemblies.
SUNCODE was the numeric tool used for the development of the new performance based energy
efficiency New Zealand Building Code (NZBC) requirements for residential buildings. It should
be noted that, in common with other countries2, NZS4218:19963 does not permit energy use
model comparisons to be made between suspended and slab-on-ground floors.
Construction types

Three residential heavy weight building designs were examined comprising a small (80m2),
medium (130m2) and large (240m2) design. The heavy weight buildings were modelled as having
slab floors and concrete block external walls and internal timber framed walls. A number of
alternate mass configurations were also considered:
 Light weight: Suspended timber floor and timber framed walls.
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 Medium weight: Slab floors and timber framed external and internal walls.
 Heavy weight plus feature walls: Slab floors and concrete block external and internal walls.
 Medium weight plus feature walls: Slab floors and timber framed external walls and concrete

block internal walls.
The insulation levels corresponded to approximately the requirements of NZS4218:19963. While
the standard requires particular insulation levels for particular climate zones, all the insulation
levels provided in the standard were used in all four locations. Where different insulation levels
are required for different construction techniques, additional simulations were undertaken using
the construction with the higher level of insulation.
Four locations were considered and consequentially climate data were used from the computer
files produced by the Centre for Building Performance Research, Victoria University of
Wellington4 for Auckland (Whenuapai) (NZS4218 Zone 1), Wellington (Kelburn) (NZS4218
Zone 2), Christchurch (NZS4218 Zone 3) and Invercargill (NZS4218 Zone 3).
Two different heating schedules were investigated in order to estimate the impact of different
timing of heating requirements. The investigated heating schedules were:
Schedule 1

Schedule 2

Living
Area

Rest of
House

Living
Area

Rest of
House

7:00 am to 9:00 am

18 °C

14 °C

18 °C

14 °C

9:00 am to 6:00 pm

18 °C

14 °C

16 °C

14 °C

6:00 pm to 10:00 pm

18 °C

14 °C

18 °C

14 °C

10:00 pm to 7:00 am

14 °C

14 °C

14 °C

14 °C

Table 1 Temperature setpoints for schedule 1 and for schedule 2.

These temperatures have been chosen to reflect the temperatures that might be expected to occur
in New Zealand houses. They are somewhat colder than previous New Zealand5,6 and
Australian7 simulations of annual heating requirements for heavy mass buildings which have had
their temperatures based on comfort levels rather than what is expected to be found in houses8,9.
The World Health Organisation recommends a minimum indoor temperature of 18 ºC, with a 23 ºC warmer minimal temperature for rooms occupied by sedentary elderly, young children and
the handicapped10. NZBC, Clause G5 “Interior Environment” requires old people’s homes and
early childhood centres be able to maintain the temperature at 16 ºC. It is recognised that below
16 ºC, resistance to respiratory infection can be diminished11.
The use of lower temperatures in this paper is not intended to suggest that houses should be
operated at these levels, but rather to better represent the ways in which New Zealand homes are
used. BRANZ is conducting an extensive national investigation to measure internal
temperatures.12.
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The contour charts in Figure 3 and Figure 4 show the indoor air temperature distribution for one
year for each hour of the day for the Medium sized house located in Wellington. The hourly
temperatures are average temperatures for the month during the particular hour. In these plots,
the temperatures are indicated by shading. Temperatures between 19°C and 21°C are shown in
white. As the temperatures become more extreme the shading darkens. Therefore extended
periods with dark colours are not desirable. Figure 3 gives the contour plot for the heavy weight
building while Figure 4 gives the contour plot for the light weight building.
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Figure 3 Average monthly temperature profiles for the heavy mass house.
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As a simple measure of comfort the annual number of degree hours above and below the comfort
level will be used. This index is calculated by adding the difference in temperature between
comfort and actual mean monthly indoor temperature for all hours in which the actual
temperature is larger/smaller than the comfort temperature.
As the house is only
“uncomfortable” when being used by the inhabitants for non-sleeping activities, the index is
calculated only for the period 7 am to 10 pm. Outside this time, the winter temperature fall is

limited by the heating regime, while in summer the building’s temperature is floating. The index
for overheating discomfort is defined as:
DC  
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The respective Index for underheating is:
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The larger the discomfort index
the more uncomfortable the
building. This measure is a
simple index only. Comfort and
discomfort are determined by
rather complex relationships
including relative humidity,
clothing level, climate zone,
cultural setting, general climate
and other conditions. For this
simple approximation we have
selected 21°C as the optimum
comfort temperature TComfort. This
temperature is probably above
the level generally seen in
New
Zealand, however, it is still at the
lower end of the comfort level
suggested in the ASHRAE
guidelines (20°C to 29°C)13.
Figure 5 and Figure 6 show that
the heavy weight buildings have
improved
indoor
climate
conditions particularly in terms
of reduced overheating. The
differences between the two
construction types is smaller for
the underheating discomfort.
This can be explained by the
applied heating schedule which
requires a minimum temperature
of 18°C during the hours for
which the thermal discomfort
index is calculated (7am
to
10pm).
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Figure 5 Discomfort level (“Hot”) as expressed as the number of degree hours
above 21°C.
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Figure 6 Discomfort level (“Cold”) as expressed as the number of degree hours
below 21°C.

Two main benefits can attributed to the increased thermal mass and the reduced temperature
fluctuations: Firstly human temperature comfort levels are achieved more frequently in the heavy
weight houses than in the light weight counterparts; and secondly the temperature swings are
reduced in heavy weight buildings reducing the time with very low temperatures and
consequently reducing the risk of indoor condensation and mildew growth.
Energy analysis

Isolation of thermal mass

The houses considered in this paper all have their mass exposed to the room air. No carpet is
used and the wall insulation is placed on the outside of the concrete blocks. As has been found in
earlier studies5,6 the location of the exterior insulation plays an important role. Placing the
insulation internal to the blocks significantly alters the behaviour of the building, as the thermal
storage of the walls is isolated from the internal zones, making the building behave more like a
light weight building.
A series of modelling runs were undertaken on the medium sized heavy weight house where the
order of the insulation and mass layers were reversed for one particular wall orientation. For all
the cases examined, placing the insulation on the inside resulted in increased the heating energy
required for the house. The heating energy increase for Auckland is between 0.6% and 3.4%
while for Wellington, Christchurch and Invercargill is less than 1% for each wall. While the
increase for each wall is small, the walls are taken in isolation so that heat is still able to be
stored in the other walls and the floor. Reversing the insulation and mass layers in each of the
walls results in progressive energy savings.
The inclusion of carpeting in the design has a similar effect to the reversal of the wall insulation,
in that resistance is placed in the path of the heat flow from the building zone into or out of the
thermal mass. For the SUNCODE modelling in this paper the carpet was modelled as a pure
resistance layer of R 0.4. For Auckland when carpets were used in the slab on ground buildings
they resulted in increased heating energy requirements of between 70% and 128%. For
Invercargill the increase in heating energy requirements was between 9% and 22%. The level of
increase was dependent on the amount of additional mass present in the building. The increase
was highest the buildings which had mass only in the slab on ground (all the walls were timber
framed) while the increase was the least for buildings with a large amount of additional mass in
concrete block external walls and concrete block internal feature walls.
Building orientation

Solar effects play a major role in the performance of heavy weight buildings. The heavy weight
building and the light weight building for all three house designs were studied with the buildings
being rotated in steps of 90°.

Heating Energy Changes for Rotating
the Heavy Weight Small House



Heating Energy Changes for Rotating
the Light Weight Small House

900

Auckland

900

Auckland

700

Wellington

700

Wellington

Christchurch

500

Invercargill

Invercargill

300

300

100

100

-100

w est

south

east

Christchurch

500
kWh

-100

w est

Wall F acing N o r t h

south

east

Wall F acing N o r t h

Figure 7 Change in the heating energy required for the
heavy weight case of the small house design with
different walls facing north.

Figure 8 Change in the heating energy required for the light
weight case of the small house design with different walls
facing north.

From Figure 7 it can be seen that reorienting the north facing wall for the heavy weight small
building required considerably more heating energy (for Auckland between 29% and 42%, and
for Invercargill between 3% and 15%). Figure 8 shows that the light weight design of the same
building required an increase in heating energy in all but one case. The relative increases in
heating energy for Auckland are between -1% and 5%, and for Invercargill between 1% and 4%.
The increase in heating energy, both in absolute and relative terms, is greater for the heavy
weight building than the light building.
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Figure 9 Change in the heating energy required for the
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Figure 10 Change in the heating energy required for the light weight
case of the medium house design with different walls facing north

Figure 9 and Figure 10 show the situation for the medium size building. Again the increase in
heating energy for rotating the heavy weight building is larger when the south or east walls face
north, however when the west wall of the design is aligned to north there is a decrease in the
heating energy. The design of the medium size house has a large amount of glazing on the west
wall providing solar gains into the lounge. Thus when this wall is orientated to the north, an
increase in the useful solar gains reduces the heating energy. For the heavy weight building the
relative increases in the heating energy for Auckland were between 2% and 23% and for
Invercargill between -1% and 6%. For the light weight building the relative increases in heating
energy for Auckland were between -3% and 3% and for Invercargill were between -1% and 2%.
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Figure 11 Change in the heating energy required for the
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Figure 12 Change in the heating energy required for the
light weight case of the large house design with different
walls facing north

The situation for the large house again illustrates that heavy weight and light weight buildings do
respond differently. The heavy weight building (Figure 11) shows large increases in the heating
energy required in all except one case, whereas the light weight building (Figure 12) shows
decreases in heating energy in all but three cases. The relative change in heating energy for the
heavy weight case for Auckland are between -2% and 17% and for Invercargill are between 2%
and 7%. For the light weight case the change in heating energy ranges from -5% to -1% for
Auckland and -1% to 1% for Invercargill.
As found by a previous study5 the correct orientation is more important for the heavy weight
buildings than for the light weight buildings. The location of the living areas appears to be a
crucial factor in the amount of heating energy purchased for these temperature schedules.
Properties of the concrete slab and the ground beneath It

With the importance of the slab on ground floor and the ground beneath illustrated by the
dramatic change in heating energy requirement when carpeting is added, further analysis was
undertaken to explore the inter-dependence.
The SUNCODE program models heat flow through building components in one-dimensional
way. A building component is characterised by a thermal resistance, a thermal capacitance and
the number of nodes within the component.
Heat flows from the building through the concrete slab and ground are strongly three
dimensional. Heat flowing through the centre of the slab has to travel a lot further to travel than
heat flowing through the slab close to the edge. Isaacs and Donn5 found that the thickness of the
ground modelled beneath the slab is important in modelling energy usage. The concrete slab
here is modelled as two components. One component is the core of the concrete slab (everything
excluding a 0.75 metre edge) and a 5.9 metre ground path beneath it, the other component
being the remaining 0.75 metre edge of the concrete slab and a 1.4 metre ground path beneath
that. The path lengths of ground beneath the concrete slab were chosen so that the R-value for
the core path was 4.0 m2 ° C W -1 and the R-value for the edge path was 1.0 m2 ° C W -1. The
ground temperature was taken as the average seasonal ground temperature at one metre depths as
recorded by the New Zealand Meteorological Service4 . SUNCODE simulations were performed

on the medium sized heavy weight house with a variety of other ground path lengths for both the
core path and the edge path.
As the path length is increased both the thermal resistance and thermal capacitance of the ground
is increased. Reducing the path length so the overall R value is 2.0 m2 ° C W -1 (half its original
value) increased the heating energy by 12% to 28%, depending on location. An increase in the
path length so that the overall R value is 8.0 m2 ° C W -1, decreased the heating energy by between
7% and 9%.
Changing the length of the edge path heat flow has a similar effect to the changes to the core
path length. Reducing the R value for the edge path by half to 0.5 m2 ° C W -1 increased the
heating energy between 7% and 14% while increasing the path length to give 2.0 m2 ° C W -1,
decreased the heating energy by between 5% and 11%. The high sensitivity of the heating
energy on the path lengths of the ground beneath the slab, makes comparison between slab on
ground and suspended flooring difficult to interpret.
Values for the heat capacity for the ground and slab are always fairly approximate, as the actual
value for the heat capacity depends heavily on the composition and water content of the ground
and concrete slab. The ground heat capacity was taken as 0.84 kJ kg-1°C-1 and for the earth
beneath the slab as 0.88 kJ kg-1°C-1. A number of SUNCODE simulations were performed on
the medium sized, heavy weight house. The effect of varying the ground thermal capacitance by
reducing the heat capacity to 1% of its originally modelled value results in increased heating
energy requirements between 5% and 13%. Varying the value of the heat capacity of the concrete
slab to 1% of its original value produced the increases in heating energy required by between 1%
to 2%. The difference in magnitude between variations in the heat capacities for the ground and
the concrete slab is partly explained by the difference in overall thermal capacitance of the
ground and the slab. The ground has a considerably larger overall thermal capacitance
(260 kJ kg-1°C-1) than the overall thermal capacitance of the concrete slab (7.2 kJ kg-1°C-1) so
reducing the heat capacity of ground reduces the overall capacitance of the ground-slab system
more than reducing the heat capacity of the concrete slab by an equivalent percentage.
Conclusion

In all the houses and locations modelled, the presence of mass within the building had the effect
of moderating the variations in room temperatures. Light weight buildings had a much greater
variation in temperatures.
Thermal mass plays an important role in determining the annual heating requirement for
buildings. For the buildings simulated in this report the most important controllable factor was
whether or not the buildings had a slab on ground floor or a suspended timber floor. The thermal
capacitance of the buildings simulated is determined largely by the ground beneath the concrete
slab, adding additional thermal mass to the building by adding concrete block walls has a lesser
effect so With the ground providing the larger part of the thermal capacitance of the building, the
manner in which the ground is modelled becomes a crucial factor.
Insulation and thermal mass levels can not be considered separately when determining heating
energy use due to their interaction.

Factors that influence the availability of the thermal mass to the room air of the building, such as
the presence of carpet or internal insulation produce an effect on the heating energy requirement
of the building. With the ground being the dominant source of thermal mass, the presence of
carpet is the more important factor.
The absolute amount of thermal capacitance of a building is not a reliable indication of the
useful storage of the building. Placement and orientation of mass is important at the design stage
to ensure that heat can be stored within the mass. Factors such as the proper solar orientation of
the building can produce large variations in the heating energy requirement due to the better
uptake of solar gains. These reductions in energy use are largely dependent on appropriate
thermal design.
This study, along with previous studies of the role of mass is creating thermal comfort
conditions, is based on thermal simulations. There is a lack of information on the actual
conditions found in heavy mass New Zealand homes. This should now be a priority for future
research.
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