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EXECUTIVE SUMMARY

This document contains commercial, conceptual and engineering information which is proprietary to VIPAC
Engineers & Scientists Ltd. We specifically state that inclusion of this information does not grant the Client any
license to use the information without VIPAC's written permission. We further require that the information not
be divulged to a third party without our written consent.

Vipac Engineers & Scientists Ltd (VIPAC) has been commissioned by Efficiency Matrix Pty Ltd to
calculate the system R-value, in accordance with AS/NZS 4859.1:2002, for a 2m x 2m cross-section
of a standard room with one gimble down light exposed following the standards of AS/NZS
3000:2007 with 200mm clearance, and the Halogen Mitt installed with standard R3.5 insulation cut to
the footprint (cylindrical hole) of the Halogen Mitt. These calculations are not experimental tests, but
rather engineering calculations based on AS/NZS 4859.1:2002, typical heat transfer equations, and
the measured thermal conductivity of the material from which the thermal mitt is made.

All of the calculations were carried out for the passive situation, where the light is turned off and
therefore does not provide a source of energy flow or an elevated surface temperature.

The difference in heating/cooling loss will then be determined for each season (Summer, Autumn,
Winter and Spring) based on typical weather and housing conditions (as defined by AIRAH
handbook, standard weather data, BCA and/or AS/NZS 4859.1:2002), as well as an additional
calculation for an elevated attic temperature.

The resulting System-R value for a 2m x 2m cross-section of a standard room with one gimble down
light and a Halogen Light Mitt is 3.8 m?K/W for upwards energy flow (heating/winter) and 3.9
m?K/W for downwards energy flow (cooling/summer), as compared with 2.8 and 3.1 m?’K/W
respectively for a 2m x 2m cross-section of a standard room with one gimble down light, without the
Halogen Light Mitt. This results in a range of energy savings depending on the indoor and
temperature conditions. For average winter conditions, the energy saving is 1.7 kwh/month while for
average summer conditions, the energy saving is 1.1 kWh/month.

When raised attic temperatures occur, the Halogen Light Mitt can provide significant thermal
protection, and is predicted to reduce an attic air temperature of 71°C, to an air temperature within the
halogen light mitt of about 48°C (when the light is turned off).
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1.

3.

3.1.

INTRODUCTION

Vipac Engineers & Scientists Ltd (VIPAC) has been commissioned by Efficiency Matrix Pty
Ltd to calculate the system R-value for a 2m x 2m cross-section of a standard room with one
gimble down light exposed with 200mm clearance, and the Halogen Light Mitt installed with
standard R3.5 insulation cut to the footprint (cylindrical hole) of the Halogen Mitt. The
difference in heating/cooling loss will then be determined for a range of temperature conditions.

SCOPE OF WORK

To calculate the system R-value, in accordance with AS/NZS 4859.1:2002 [3], for a 2m x 2m
cross-section of a standard room with one gimble down light exposed following the standards
of AS/NZS 3000:2007 [4] with 200mm clearance, and the Halogen Light Mitt installed with
standard R3.5 insulation cut to the footprint (cylindrical hole) of the Halogen Mitt as shown in
Figure 3.2.

The difference in heating/cooling loss will then be determined for each season (Summer,
Autumn, Winter and Spring) based on typical weather and housing conditions (as defined by
AIRAH handbook [5], standard weather data, BCA and/or AS/NZS 4859.1:2002 [3]), as well as
an additional calculation for an elevated attic temperature.

ASSESSMENT

HALOGEN LIGHT MITT SYSTEM

Customer supplied data defined the geometry of the Halogen Light Mitt, as shown in Figure
3.1

. 220 mm
Base: 230mm outer diameter

Height: 220mm
Thickness: 22mm at base, 10mm near tip

230 mm
Figure 3.1: Halogen Light Mitt

The thermal conductivity of the Halogen Light Mitt material is k = 0.035 + 0.003 mK/W [1].
The material R-value for the Halogen Light Mitt was previously calculated, in accordance with

Ref: 30B-10-0033

13 Apr 2010

Commercial-in-Confidence



Report No. 30B-10-0033-TRP-453519-0

\ViPAC Efficiency Matrix Pty Ltd

Calculation of System R-Value and Energy Loss Page 6 of 16

AS 4859.1:2002 [3], to be Ry, = 0.514 m°K/W based on an area of 0.0897 m?, which projected
onto the circular area covered by the base of the cone results in an equivalent material R-value
of Ry, e = 0.238 m* K/W based on an area of 0.0416m” [2].

For the purpose of calculating the system R-Value of the Halogen Light Mitt System, it is
assumed that:

o the Halogen Light Mitt will typically be used in conjunction with a plasterboard ceiling of
10mm thickness (R = 0.059 m’K/W) as stipulated by the default ceiling construction
AS/NZS 4859.1:2002 [3], and shown in Figure 3.2, and that the variation in the ceiling R-
Value due to the presence of the gimble down light is negligible;

o the gimble down light is turned off (no energy source or elevated temperature);

e standard R3.5 insulation is placed around the Halogen Light Mitt, with a cylindrical hole
cut to achieve a close fit around the Halogen Light Mitt, as shown in Figure 3.2;

o the Halogen Light Mitt and gimble down light are located in the centre of a 2m x 2m cross-
section, as shown in Figure 3.3;

e the roof is a pitched tiled roof, as outlined in AS/NZS 4859.1:2002 K8 Default
Construction Types [3], with a pitch of 22.5° and an R-value of 0.023 m*K/W:;

o the attic space is assumed to be non-vented [3]; and

e the thermal resistance of the air film on the outdoor surface is assumed to be 0.04 m?K/W.

Toutdoors

Pitched tiled roof (22.5°)

Non-vented attic
T atic space

Halogen Thermal Mitt \

R3:5/Insulation R3:5/Insulation

AR
N

NB: Not to Scale Tindoors
Figure 3.2: Side View of Halogen Light Mitt System

Gimble down light 10mm plasterboard,

R = 0.059 m’K/W
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3.2.

2m

2m

® Halogen Light Mitt

230mm base diameter

R3.5 Insulation

Figure 3.3: Plan View of Halogen Light Mitt System

STANDARD DOWN LIGHT SYSTEM

For the purpose of calculating the system R-Value for the Standard Down Light System, it is

assumed that:

e a standard down light will typically be used in conjunction with a plasterboard ceiling of
10mm thickness (R = 0.059 m’K/W) as stipulated by the default ceiling construction
AS/NZS 4859.1:2002 [3], and shown in Figure 3.4, and that the variation in the ceiling R-

Value due to the presence of the gimble down light is negligible;

o the gimble down light is turned off (no energy source or elevated temperature);

e standard R3.5 insulation is placed around the gimble down light following the standards of

AS/NZS 3000:2007 [4] with 200mm clearance, as shown in Figure 3.4;

e the gimble down light is located in the centre of a 2m x 2m cross-section, as shown in

Figure 3.5;

e the roof is a pitched tiled roof, as outlined in AS/NZS 4859.1:2002
Construction Types [3], with a pitch of 22.5° and an R-value of 0.023 m*K/W:;

o the attic space is assumed to be non-vented [3]; and

K8 Default
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e the thermal resistance of the air film on the outdoor surface is assumed to be 0.04 m?K/W.

Toutdoors

Non-vented attic
Tatic space

R3.5 Insulation | 200mm 200mm_|--R35 Insulation

N

Gimble down light 10mm plasterboard,

R = 0.059 m’K/W

Tindoors

Figure 3.4: Side View of Standard Down Light System

2m

2m

Gimble Down Light
with 200mm clearancg

R3.5 Insulation

Figure 3.5: Plan View of Halogen Light Mitt System
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3.3.

TEMPERATURE CONDITIONS

The thermal resistance of the air films above and below the combined system are dependent on
the direction of energy flow. AS/NZS 4859.1:2002 [3] requires the following temperatures,
temperature differences and mean temperatures to be used in determining total thermal
resistances:

e Heat flow out: Indoors 18°C, outdoors 12°C (6 K difference), mean 15 °C.
e Heat flow in: Indoors 24°C, outdoors 36°C (12 K difference), mean 30 °C.

In order to demonstrate the full range of energy flows through the ceiling, additional indoor and
outdoor temperatures have been added to this analysis. These additional temperatures are based
on the AIRAH Handbook [5], which specifies the summer and winter temperatures for comfort
assessment to be 34.3 and 3.5 respectively, and Climate statistics for Melbourne, obtained from
the Bureau of Meteorology [6] and included in Appendix Al.

An additional temperature condition, simulating high attic temperatures, was also calculated. A
raised attic temperature of 71°C was achieved by setting the outdoor air temperature to 85°C, in
order to simulate high solar radiation loads on the roof, and a resulting increase in roof
temperature and attic temperature.

The full set of indoor and outdoor temperatures calculated are shown in Table 3.1.

Condition Indoor Outdoor

Temperature (°C) | Temperature (°C)

1. Extreme Winter 18 -2.0

2. Cold Winter 18 3.5

3. Average Winter 18 12

4. Spring/Autumn 20 15

5. Average Summer 20 26

6. Warm Summer 24 36

7. Extreme Summer 24 45

8. Raised Attic 24 Attic Temperature =

Temperature 71°C

Table 3.1: Indoor and Outdoor Temperature Conditions
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3.4. AIRFILM AND AIR SPACE RESISTANCES

In the absence of other documented values, and given the likely collection of dust on the indoor
surfaces, it is assumed that all surfaces are high emittance surfaces, with ¢ = 0.9.

The air film resistances are therefore determined as per AS/NZS 4859.1:2002 [3], and the
resulting values are shown in Table 3.2.

Surface Direction of Air Film Equivalent Resistance,
heat flow Resistance based on Projected
Horizontal Area.
Horizontal indoor surfaces, Up 0.11 m*K/W 0.11 m*K/W
(plasterboard, R3.5 insulation). Down 0.16 m*K/W 0.16 m°K/W
22.5° slope outdoor surfaces, - 0.04 m*K/W 0.037 m*K/W
(outer surface of roof).

Table 3.2: Air Film Thermal Resistances

The attic thermal resistance, for a non-ventilated attic space, and high emittance surfaces is
provided in AS/NZS 4859.1:2002 [3], and included in Table 3.3. These values are used for the
attic space above the R3.5 insulation, and above the un-insulated down light. The thermal
resistance of the attic space above the halogen light mitt, however, was calculated as described
below, due to the significant increase in surface area, and change in surface orientation, with
the presence of the halogen light mitt.

Roof Space Type Direction of heat flow Resistance
Non-ventilated Up (winter) 0.18 m*K/W
Down (summer) 0.28 m’K/W

Table 3.3: Attic Space Thermal Resistances

The thermal resistance of the enclosed air spaces between the plasterboard ceiling and the
Halogen Light Mitt, and the Halogen Light Mitt and the roof, were then determined by:

e Assuming the temperature of the air above the roof is at the Outdoor temperatures
stated above, and the temperature of the air below the ceiling is at the Indoor
temperatures stated above.

e Combining the thermal resistances for each system component into a thermal circuit.

Ref: 30B-10-0033 13 Apr 2010
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e Using natural convection correlations and radiation laws to determine the thermal
resistance provided by the air space enclosed between the plasterboard ceiling and the
Halogen Light Mitt, and the Halogen Light Mitt and the roof, based on iteratively
obtained surface temperatures for the upper surface of the plasterboard, the lower
surface of the thermal mitt, the upper surface of the thermal mitt and the lower surface
of the roof.

e Assuming that the surfaces are isothermal, and neglecting thermal bridging at their area
of contact.

¢ Neglecting the effect of any air gaps in the plasterboard, gimble downlight, thermal mitt
or roof.

The thermal resistance of the enclosed air spaces between the plasterboard ceiling and the
Halogen Light Mitt, and the Halogen Light Mitt and the roof, are sensitive to temperature, and
therefore must be calculated separately for each temperature condition.
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4. RESULTS

The System R-values, R, and corresponding rates of energy loss, Q, for both the Halogen Light
Mitt System, and the Standard Down Light System, for each temperature condition, are

summarised in Table 4.1: System R-Values and Rates of Energy Loss.

Condition Indoor | Outdoor Halogen Light Mitt | Standard Down Light
Temp. Temp. 2x2m System 2x2m System
(°C) (°C)
R Q R Q
(M*K/W) (W) (M*K/W) (W)
1. Extreme Winter 18 -2.0 3.8 21.3 2.8 28.8
2. Cold Winter 18 35 3.8 15.4 2.8 20.9
3. Average Winter 18 12 3.8 6.4 2.8 8.6
4. Spring/Autumn 20 15 3.8 5.3 2.8 7.2
5. Average Summer 20 26 3.9 6.1 3.1 7.7
6. Warm Summer 24 36 3.9 12.3 3.1 15.3
7. Extreme Summer 24 45 3.9 21.5 3.1 26.8
8. Raised Attic 24 Tattic = 3.9 62.7 3.1 78.0
Temperature 71°C

Table 4.1: System R-Values and Rates of Energy Loss

The resulting energy savings provided by the use of the Halogen Light Mitt, based on a 2x2m
system, are presented in Table 4.2: Energy Savings with the Halogen Light Mitt.
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Condition Indoor | Outdoor Energy Savings with Halogen Light Mitt,
Temp. Temp. based on a 2x2m System
(°C) (°C) _ _
Change in | Energy Savings Energy
Energy per Day Savings per
Loss, AQ (kwh/day) month
(W) (kWh/month)
1. Extreme Winter 18 -2.0 7.5 0.18 5.5
2. Cold Winter 18 3.5 55 0.13 4.0
3. Average Winter 18 12 2.3 0.054 1.7
4. Spring/Autumn 20 15 1.9 0.045 14
5. Average Summer 20 26 1.5 0.037 11
6. Warm Summer 24 36 3.1 0.073 2.2
7. Extreme Summer 24 45 53 0.13 3.9
8. Raised Attic 24 Tattic = 15.2 0.36 11
Temperature 71°C

Table 4.2: Energy Savings with the Halogen Light Mitt

For temperature condition 8, with the raised attic temperature, the Halogen Light Mitt provides
thermal protection from the high attic temperatures, reducing the air temperature around the
down light from an attic air temperature of 71°C, to an air temperature within the halogen light
mitt of about 48°C (with the light turned off).
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Al : CLIMATE STATISTICS FOR MELBOURNE

Climate statistics for Australian locations
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Statistics Jan Fels Mar Apt May Jun Jul Aug Sep et Nov Dec Annual Years
Mean daily sunshine (hows) 87 N 75 6.4 48 4.0 45 88 8.2 73 i B84 88 i1 ;g?g
Mean dally solar exposure {MJ/md) 247 217 174 118 an 63 71 103 198 18.4 222 232 155 20 1990
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G am conditions
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Mean gam cloud cover (oktas) 52 48 439 51 54 54 52 51 52 54 53 53 52 93 1200
#Mean Sam wind speed (/) 185 7.0 5.9 65 373 @3 204 216 224 218 18.0 187 o s 1970
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3 pm conditions
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http://www.bom. gov.au/climate/averages/tables/cw 086282 All.shtml
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Product IDCJCMBO3S Prepared at Thu 01 Apr 2010 02:00:12 AM EST

Monthly statistics are only inciuded if there are more than 10 vears of data. The number of vears {(provided in the 2nd last column of the table) may differ between slements if the
observing program at the site changed. More detailed data for individual sites can be obtained by contacting the Bureau
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