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ABSTRACT

In response to industry and government concerns
three purpose-built lightweight test buildings were
constructed at the University of Tasmania’s
Launceston campus, to empirically validate the
Australian house energy rating software AccuRate in
a cool temperate climate. This paper focuses on the
concrete slab-on-ground floored test building. The
design, construction, environmental measurement
and the detailed envelope simulation with the
‘AccuRate’ software are discussed. Graphical and
statistical analyses were used to examine variations
between the measured and simulated temperatures.
Some aspects of the software requiring further
investigation, namely; differences between simulated
and measured temperatures and correlations between
windspeed and solar radiation are identified.

INTRODUCTION

In line with the global awareness on climate change
and its relationship to human activity, the Australian
government has initiated a range of measures to
reduce greenhouse gas emissions since 1992 (AGO
1998; Harrington and Foster 1999). The measures
include reducing the amount of energy to space
condition residential and commercial buildings
(Drogemuller, Delsante et al. 1999; Tucker, Newton
et al. 2002; ABCB 2003). The Nationwide House
Energy Rating Scheme (NatHERS) was established
and in co-operation with state governments and
industry. Climate comfort levels in various climates,
internal load parameters and star-bands for
Australian housing were established (Ballinger and
Cassell 1994). During this process, it was established
that most new homes constructed in 1998 were
between 1 Star and 3 Stars (AGO 2000). Based on
this metric it was agreed that a minimum
performance rating of 3.5 to 4 Stars would be
adopted by all jurisdictions in 2003-2004 (ABCB
2003). This was followed by the move to upgrade to
5 Stars in 2006 (ABCB 2005), and to 6 Stars in 2010
(ABCB 2010). The change from no or minimal fabric
thermal performance regulations in 2002 to the 6 Star
requirement of 2010 has had a significant impact on
material choices and construction methods.

Many jurisdictions delayed the adoption of the
national energy efficiency standards (ABCB 2010).
This was due to industry and government concerns

(HIA 2004; Iskra 2004; Williamson 2004; Henderson
2005; Kordjamshidi, King et al. 2005; Murphy, Head
et al. 2005; Kordjamshidi, King et al. 2006; MBA
2008), namely:

- The effectiveness of the measures to reduce
greenhouse gas emissions;

- The capacity of the House Energy Rating
(HER) softwares to simulate room
temperatures and subsequent energy use to
maintain human comfort;

- Impacts on traditional and new construction
material supply; and

- The education requirements for the building
sector as a whole

To address these concerns the University of
Tasmania in partnership with the Forest & Wood
Products Research Development Corporation, the
CSIRO and the Australian Greenhouse Office
constructed three thermal performance test cells in
Launceston in 2006. The purpose of the test cells was
to validate, empirically, the envelope simulation
model within the CSIRO developed HER software
AccuRate.

Due to Australia’s size, climates range from cool
temperate to hot humid, with the northern and
southern states using the most energy for cooling and
heating, respectively. Therefore, these states are most
affected by changes in building fabric due to thermal
performance regulations. Launceston is located in a
cool temperate climate and the houses here
predominantly require heating through all the
seasons. In Tasmania, 65% of residential electrical
consumption has been attributed to space heating, as
shown in (DEWHA 2008). Measures to improve the
built fabric of new housing should reduce energy
consumption and contribute to reducing Australia’s
greenhouse gas emissions.

THE THERMAL PERFORMANCE TEST
CELLS

After consultation with industry and government, the
typology of the test cells was to represent the three
most common floor construction types in residential
construction, namely:
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- unenclosed-perimeter platform-floored
construction

- enclosed-perimeter platform-floored
construction

- concrete slab-on-ground floored
construction

Based on an analysis of international and other test
buildings within Australia (Dewsbury, Fay et al.
2007; Dewsbury 2011), the size the test cells was
determined as shown in Table 1. The concrete slab-
on-ground floored test cell had a fabric matrix as
shown in Table 2.

Table 1

of measuring equipment providing vertical and
horizontal thermal measurement profiles. The tracer
gas method was used to calculate the infiltration rate
for the room and roof space zones.

Table 2

Concrete Slab-on-ground Floored Test Cell Fabric
Matrix

ELEMENT MATERIAL
Roof Colorbond sheet metal roofing
Roof Sarking CSR Bradford Enviroseal Reflective
foil sarking
Roof Insulation | R4.0 glass wool batt insulation
Ceiling Material | 10mm plasterboard, screw fixed to

furring channel

Access Door

40mm solid core door

The Dimensions of the Launceston Thermal Door Frame 140mm Timber
Performance Test Cells Wall Framing Prefabricated 90mm x 35mm pine
frames
Wall Lining 10mm plasterboard, glue and screw
ELEMENT SIZE fixed to wall framing

Internal Length 5480mm Wall Insulation | R2.5 rock wool wall batt (86mm)
Internal Width 5480mm Building Wrap CSR Bradford Enviroseal Reflective
Internal Height 2440mm foil sarking
Internal Floor Area 30.03m’ Wall Cavity 50mm reflective
Internal Volume 73.3m’ Wall Cladding | 110mm clay brick
Orientation Solar North Floor Concrete slab-on-ground
Access Door Southern Wall Subfloor Not applicable

The design of the test cells also considered long-term
flexibility to enable fabric changes, infiltration
controls for wall cavities, roof-spaces and the test cell
room.

The construction of the test cells involved daily
supervision and the provision of guidance to
contractors to ensure that the completed buildings
met the design and research objectives. Construction
commenced on June 5, with practical completion and
hand-over occurring on July 12. During construction,
particular attention was paid several factors, namely:

- Infiltration controls
- Building wrap installation
- Electrical, data and heating installations

- Insulation installation in walls and roof-
space

- Calculation of as-built framing factors of the
sub-floor, walls and ceiling assemblages.

To establish the environmental parameters that
should be measured, a review of other test buildings
within Australia and elsewhere was undertaken
(Dewsbury 2011). To further inform the thermal
measurement criteria, a detailed analysis of the input
requirements and output data of the AccuRate
software was conducted co-operatively with CSIRO
software developers. The analysis established the site
and test cell measurement requirements, which
included a site weather station and an extensive array

Figure 1: Concrete slab-on-ground floored test cell
(July 11, 2006)

The test cells were operated in a free-running mode
during the measurement period. Free-running
requires that no natural or mechanical ventilation and
heating or cooling methods are used. The measured
data, which comprised the empirical validation data
set, were acquired between January and June 2007. A
data cleaning process was devised and applied to
essential data gathered from the roof-space and test
cell room.

DETAILED ENVELOPE SIMULATION

Four principle types of envelope simulation were
established, namely:

Default Fabric / Default Climate: This AccuRate
simulation utilised the in-built values for built fabric
and climate. This type of thermal simulation was the
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standard method used by house energy rating
assessors and some past validation research
exercises.

Default Fabric / Measured Climate: This AccuRate
simulation utilised the in-built values for built fabric
but instead of the in-built climate file, the site-
measured climate data were used to create an
empirical validation climate file.

As-Built Fabric / Default Climate: This AccuRate
simulation utilised an intricate assessment of the ‘as-
built’ materials and systems, wherein modifications
to the default values within the AccuRate software
were made. In-built values for climate were used.
This type of thermal simulation has been used for
some past validation research exercises.

As-Built Fabric / Measured Climate: This AccuRate
simulation utilised an intricate assessment of the ‘as-
built’ materials and systems, wherein modifications
to the default values within the AccuRate software
were made. The site-measured climate data were
used to create an empirical validation climate file.
This method of building thermal simulation had been
used for some past validation research activities. This
method was deemed suitable for providing the
appropriate AccuRate simulation data set for
comparison to the measured building thermal
performance for empirical validation (Delsante
2005).

In this research the non-standard modifications to the
data inputs, which included as-built factors, are as
follows:

- fabric assemblages to account for framing
factors

- sensible internal heat gains to account for
free-running operation

- latent internal heat gains to account for free-
running operation

- heating thermostat controls to account for
free-running operation

- cooling thermostat controls to account for
free-running operation

- infiltration values (from default to measured
values)

- site observed climate file.

In partnership with the CSIRO software developers,
the detailed envelope simulations were completed
using the AccuRate software. To determine the
impact that each simulation type had on individual
zone temperatures, graphical analyses of the output
temperature data were completed.

RESULTS AND DISCUSSION

To compare and analyse the measured data and the
AccuRate output data from the detailed envelope
simulation both graphical and statistical analyses
tools were used.

The first form of analysis was the comparison of the
output data from the four simulation types mentioned
earlier. This analysis, as shown in the sample graphs
in Figures 2 and 3 show that the factor providing
significant variation between the simulation types
was the difference between the site-measured and the
in-built climate data. The second factor, which
principally affects the troughs and peaks of the
output data, are the as-built elements. This factor is
of importance for many Australian climates, where
room conditioning is often required during the times
of lower and/or hotter temperatures. This analysis
also confirms findings of previous research, which
has identified that site measured climate data is
essential in empirical validation.
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Figure 2: Variation between simulation types - test
cell 3 room (19 to 23 June 2007)
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Figure 3: Variation between simulation types - test
cell 3 roof-space (19 to 23 June 2007)

The second analysis tool was the graphical
comparison of the average measured dry bulb air and
simulated zone temperatures as shown in Figures 4 to
7. This analysis showed two key aspects of the
comparison. Firstly, simulated and measured
temperatures were significantly different, as detailed
in Table 3. Secondly, the similarity in the patterns of
the measured and simulated data sets indicates that
the software is taking into account all the
environmental inputs. The differences between the
two data sets require further investigation (Strachan,
Kokogiannakis et al. 2005).

The detailed Accurate HER simulation consistently
underestimated the room zone temperature. The
difference between the measured and simulated
minimum values was often 4°C - 5°C. If this was a
conditioned room in a normal HER assessment,
differences of this magnitude would have a
significant impact on the calculated energy
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requirement and the resultant House Energy Star
Rating.
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Figure 4: Comparison of measured dry bulb air and
simulated room temperatures (20-24/02/2007)
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Figure 5: Comparison of measured dry bulb air and
simulated roof-space temperatures (20-24/02/2007)

Test Cell 3 Room: AB-C & Observed - April

Deg C

correlations, frequency histogram and time series
analysis.
Table 3
Mean Difference Between Measured & Simulated,
Minimum & Maximum Temperatures

DAILY MIN DAILY MAX
MONTH TEMPERATURE TEMPERATURE
(MEAS. - SIM) (MEAS. — SIM)
Room ?p(::;- Room ?p(::;-
January 4.2 8.0 43 1.9
February 4.9 8.2 5.0 0.8
March 4.7 8.0 4.7 3.1
April 4.5 8.8 43 4.1
May 3.5 7.6 3.6 53
June 1.9 4.9 1.4 3.1
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Figure 6: Comparison of measured dry bulb air and
simulated room temperatures (16-20/04/2007)
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Figure 7: Comparison of measured dry bulb air and
simulated roof-space temperatures (16-20/04/2007)

As this form of graphical analysis was not sufficient
for the analysis of the large quantity of data obtained,
methods of statistical analysis methods were used to
analyse the full data set, i.e., January to June, and the
monthly data subsets. This process illustrated the
many instances where the analysis of the full data set
differered significantly from the analysis of monthly
data sets. The analyses consisted of scatter-plot

Following on from the graphical analysis discussed
above, the first statistical analysis was the correlation
of the measured dry bulb air and simulated zone
temperature data sets, as shown in Figures 8 to 10.
For the test cell room the data-sets showed a strong
positive correlation. However, this does not hold true
when the simulated temperature was less than 17°C
as shown in Figure 8 and Figure 9. Knowing that the
ground temperature in Launceston ranges seasonally
from 11°C to 18°C, this shift in the relationship may
indicate an error in either the ground model or the
concrete slab-on-ground model.
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Figure 8: Correlation analysis of measured dry bulb
air and simulated room temperatures (Jan. to June)
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Figure 9: Correlation analysis of measured dry bulb
air and simulated room temperatures (June)
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The correlation between roof-space measured dry
bulb air and zone simulated temperatures was also
strong and the graph for this zone’s full data set is
quite representative for each of the monthly analyses.
The analysis of the full data set (Figure 10) shows a
linear relationship where the March and April data
points are mostly above the trend line. A second
pattern is apparent at temperatures is less than 15°C,
as well as at temperatures greater than 35°C, where
the data shifts above the trend line, which can
indicate either bounding controls or that the software
is Omost stable in temperatures between 15°C and
35°C.
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Figure 10: Correlation analysis of measured dry
bulb air and simulated roof-space temperatures (Jan.
to June)

The next stage of statistical analysis was an
examination of the relationship of zone residual
values. The time series graphs for the room and roof-
space are shown in Figures 11 and 12, respectively.
This analysis produced distinctly different graphs for
the two test cell zones. The test cell room analysis
(Figure 11) shows a pattern of residual values
moving between a daily high and low value. The
period in February when the residual values were
significantly higher, was the hottest week during the
measurement period. Correspondingly, late May and
early June were the coldest weeks. This graph can
indicate that the test cell room was either losing less
or storing more energy than expected. Both aspects
require further investigation. The residual time series
for the test cell roof-space shows a daily pattern with
a significant shift between high and low residual
values. As with the test cell room, for the majority of
the time, the software is under-predicting the zone
temperature but the significant daily shift in residual
values requires further investigation.

The correlation analysis of the adjoining room and
roof space zones show generally positive residual
values, as shown in Figure 13 and Figure 14, and
indicate that the software was under-predicting the
zone temperatures of the two thermally connected
zones. If the roof-space was warmer than simulated,
additional energy may be flowing into the test cell

room. Also, if the ground model was underestimating
the ground temperature, there would be less energy
loss to the ground. For all months this form of
analysis indicated a positive relationship between the
residual values of the roof-space and test cell room.

The correlations between zone residual values and
each of the climate parameters, namely air
temperature, wind speed, wind direction, solar
radiation and diffuse solar radiation were examined.
This segregation particularly showed the greatest
difference between the analysis of the full data set
and monthly data sets.
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Figure 11: Time series residual analysis of test cell
room (Jan to June)
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Figure 12: Time series residual analysis of test cell
roof-space (Jan to June)
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Figure 13: Correlation analysis of residual values of
test cell room and roof-space (January to June)
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Figure 14: Correlation analysis of residual values of
test cell room and roof-space (May)

The first method compared the residual value for
each zone with the site dry bulb air temperature, as in
Figure 15 to 18. For the test cell room, the correlation
analysis of the full data set shows a positive linear
relationship (Figure 15). However, when the same
analysis was performed on the monthly data sets
(Figure 16) all graphs showed a negative linear
relationship. Additionally, the hottest month of
February and the coldest month of June show a
greater spread of data above and below the trend line.

The correlation analysis of the roof-space and site
dry bulb air temperatures, as in Figures 17 and 18,
produced significantly different graphs compared to
those of the test cell room. In all cases there was a
strong negative correlation. The full data set analysis
(Figure 17) shows a curved top, which may indicate a
bounding control but the bottom of the scatter-plot
shows randomly scattered data. Another observation
is that the highest positive residual values generally
occur between 0°C and 25°C. However, when the
monthly data sets were analysed, it appears that each
month’s data corresponds to a segment within the full
data set. This can be seen quite distinctly in the June
data (Figure 18), which literally forms the left most
portion of the full data set (Figure 17). The scatter-
plot also shows that the higher residual values
occurred between 0°C and 10°C and the lower
residual values occurred when the air temperature
was above 10°C.
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Figure 16: Correlation of room residual values and
site dry bulb air temperature (February)
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Figure 17: Correlation of roof-space residual values
and site dry bulb air temperature (Jan to June)
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Figure 18: Correlation of roof-space residual values
and site dry bulb air temperature (June)

The next climate parameter examined was the wind
speed. The correlation analysis showed an arrow-
head data grouping for most analyses (Figures 19 and
20). For the test cell room, the analysis became more
segmented and less of an arrow-head form for the
monthly subsets. However, the roof-space scatter-
plots maintained an arrow-head form for all monthly
subsets. The form of the scatter-plots indicates that
the broadest range of residual values occurred at
times of low wind speed and that as the wind speed

0 ] H 0 15 20 = 0 E 40
A Temo increased, that data became more grouped along the
Figure 15: Correlation of room residual values and 'Frend . 111’1.6. This phenomenon requires further
site dry bulb air temperature (Jan to June) Investigation.
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Figure 19: Correlation of room residual values and
site wind speed (Jan to June)
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Figure 20: Correlation of roof-space residual values
and site wind speed (Jan to June)

The next correlation analysis examined the
relationship between wind direction and zone
residual values. The analysis did present some
patterns in relationships but they were inconclusive
and are not discussed in this paper.

The correlation of global solar radiation and zone
residual values was also examined. The scatter-plots
for the test cell room and roof-space full data sets
(Figure 21 and 22) appear to have segments
corresponding to particular monthly data subsets. In
both zones the data for February are the upper
residual values and the data for June are
predominantly the lowest residual values. However,
there is an obvious broad range of residual values
when the solar radiation was OW/m’, requiring
further investigation.

TestCell3

0 200 400 600 800 1000
Global Solar

Figure 21: Correlation of room residual values and
site global solar radiation (Jan to June)
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Figure 22: Correlation of roof-space residual values
and site global solar radiation (Jan to June)

Finally, the correlations between zone residual values
and diffuse solar radiation were analysed (Figures 23
and 24). As with the analysis of the global solar
radiation, there is a wide range of residual values
when the solar radiation was OW/m?. A prominent
vertical grouping of data exists for diffuse solar
radiation values between 50W/m’ and lSOW/mZ,
which requires further investigation.

TestCell 3
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Figure 23: Correlation of room residual values and
site diffuse solar radiation (Jan to June)
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Figure 24: Correlation of roof-space residual values
and site diffuse solar radiation (Jan to June)

CONCLUSION

The purpose of the research was to empirically
validate the AccuRate house energy rating software.
This research has shown significant differences
between the simulated and measured temperatures
for the test cell room and roof-spaces, which would
have a significant impact on the energy prediction for
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simulated houses. The software is considering the
various climate parameters, as shown in the graphical
analysis of the measured and simulated temperatures,
but there were significant differences between the
measured and simulated temperatures indicating that
further research is required. The statistical analysis
presented anomalies requiring further investigation,
specifically:

- the daily swing in residual values and the
broad range of residual values when the
solar radiation was zero, indicating the need
to separate the day and night data for further
analysis

- The consistent negative relationship
between air temperature, solar radiation and
zone residual values indicating the need for
further analysis of fabric and climate inputs ,
and algorithms within the software

- The arrow-head shape of the wind speed
correlation analysis indicating further
analysis of the infiltration inputs and
algorithms is required

- The vertical data grouping when the diffuse
solar radiation was between 50W/m’ and
150W/m? requires further investigation.

To date, this research has concentrated on validating
the envelope model within the software and it is
hoped that further research will validate the heating
energy algorithms.
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