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4.2 Attachment D

1.1 ACCUBATCH

TheAccuBatch utilityallows the user to run many simulations with a wide variety of occupant behaviour
assumptions (including no heating and cooling) over several climates. The results are written to a file which is
easily opened by Excel. Tony Isaacs Consulting developatddhiorthe former Department ofQimate

Change andmergyHficiency (DCCEBNd it is now maintained and distributed through CSIRO. This tool has
been used for this project.

Using AccuBatch has several time saving and analysis benefits:

f
f

It eliminatestranscribing results,

It allows free running mode to be invoked without the need for a separate simulation in the NatHERS
tool,

It can analyse the frequency distribution of temperatures in all zaytbss would otherwise require
the temperature file to le cut and paste into a spread sheet for each simulation,

It can change occupant heating and cooling hours of use and thermostats to represent a more
average condition and so give a better indication of actual energy savings,

It allows solutions developefdr a particuladocationto be tested across the various NatHERS
reference locationin the same BCé&limatezone for very little additional effort,

It can automatically save hourly energy and temperature files for later analysis, and

It can analyse theéquency distribution of heating and cooling loads to provide a peak load for the
house or a particular room.
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1.2 TICTOOL

Tony Isaacs Consultif§lChas also developed an extensive rangéreé running temperature analysis

spread sheetsvhich facilitateeasy analysis of hourly temperature files. These were developed through other
similar projects and through the TIC NatHERS assessor practice where they are used to offer extended rating
services. The current G9imatedata files have been analysed to idiéyn 17 different climate periods useful

for the evaluation of temperatures under critical conditions:

i) 1a Day of highest maximum temperature

i) 1b Day of highest average temperature put in 1a 1b etc.
iii) 1c Day of lowest minimum temperature

iv) 2a Day of lowesaverage temperature

V) 2b 3 day period of highest average temperature

Vi) 2c 3 day period of lowest average temperature

vii) 3a Largest increase in maximum over previous day

viii) 3b Largest decrease in maximum over previous day

iX) 4a Day of highest solar radiation

X) 4b Dy of lowest solar radiation

xX) nO 51& 2F KAIKSAG a2t N AYy WadzrYSND Y2y (K.
xXi)ynR 51& 2F t2Said az2tF N Ay WadzYYSNR Y2y (iKa
Xi)n S 5Fe 2F KAIKSaAdG &2t NI AYy WoeAYyIiSNR Y2yiK:
xvyin¥ 5@ 2F t246S5ad a2t N Ay WoAyUiSND Y2yidKa

XV) 5a Hot Sticky Dayhigh temperatureand humidity
XVi) 5b Windy cool day
XVii) 5¢ Windy hot day

These spread sheesse used to illustrate the extent of change the various design strategies produce in
internal temperatures under critical climatic conditions. They will be modified to report the erfemindow
opening and ceiling fan usage and to show the impact of air movement on comfort.

1.3 CHENATH AND TRECURATEUSTAINABILITY TOOL

TheChenathengine is useds the benchmarin all three of the accredited NatHERS8twaretools: AccuRate
Sustainability BERSPro and FirstRatik5s one of the best credentialed thermal simulation software tools in
the world. Chenatthas passed the BESTEST protocol (CSIRO, @b@f)is used internationally to ensure
that thermal simulation toolgorrecly model heat flows, accurately predict energy lo&cisoling and heating)
andcanmodel%ee runnind 6 A ®S @ y 2 tdmpexdiu@dsgerSkdiion 3.9.3).\BESTEST found
Chenath predictions werim the same range as the basbuse energy assessntgorograms in the worlgdsuch
& 0 K SeparfnendiBy S NEaely Plusand thel Y S & 26€hdingsl NI

AccuRatesustainabilityversion 1.1.4.Jwasthe software toolused to determine the extent of modifications
required to achieveegulatory compliancandwas the latest version availabde the time of undertaking the
assessmentdt should be noted at tht time the BERSPro softwatead a bug which requiré all permanent
openings to be treated a#ontrolled opening® This bug afficted the zoning of housdesigrs, whererooms
connectedto alarge permanent opening need to be combined into one zone e.g. a kitchen and an adjacent
living area. However because air movement is critical to the performance of houses in hot cliioratieis
studyall analysis of air speedffected temperatures and window openisgere performed using a pre

release version of thiatestChenath enginéhat addressegermanent openingConsequently, the findings in
this report will not be able to be repduced exactly with the current NatHERS tdbkst are now aligned
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The predictedtemperaturesmodelledby Chenathhave been compared to a range of real houses and test cells

in Australigandhave beerfound to replicate real temperature conditions vemell. These comparisons with

reality were at the heart ofoftwaredevelopment byCSIROThe initial algorithms werdeveloped and tested

by constructingand monitoringa house on their Highett campg®lelbourng Victorig Ay G KS M@pTt nQa o 2 K
testingandvalidation of thesoftwareengine to date generally means that the predictions of the engine should

be accurate, theeal housdests have been conducted amly alimited range of designsncluding a range of

three different designs in Darwjbut havenot focussedspecificallyon house ventilation itropical andhot

climates. This project therefore focuses on explaining howQhenathengine employs ventilatiofor house

designs in these climates
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The Chenath engine wapgradedin response to industrgnd jurisdictionakoncerns regarding the inability of
1stgeneration NatHERS softwaredppropriatelymodel the impact of air movement on thermal comfort. It is
therefore importantto exgain the way Chenath models thermal comfdaor 2" generation NatHERS tools.

Houses are heated and cooled to maintain occupant comfort. Table 1 describes the various factcas that
influenceoccupantcomfort and how Chenath models these factors:

Tablel Effect of various factors on thermal comfort and ho@henathmodels these &ctors

Effect on Comfort Modelled inChenath

Air temperature Our bodies lose heat by contact ~ The Chenath engingredicts internal
with the air air temperature

Wl ST =Re BTl el ale [ple felo][SleicH| I objects are warmer than us they Chenath engineombines air

or radiant temperature make us feel warmer temperature and radiant temperature
Ayi2 GKS WSy gANRy
to better reflect human perception of

comfort
Amount of moisture in the air or We lose heat by sweating. At hight Chenath enginevill turn on cooling if
humidity humidity levels the amount of heat the air becomes too humid, typically ¢
we can lose through the a humidity over 50% if the air is at 30

evaporation of sweat is reduced.  degrees. If there is air movement
However, a large range of humidity provided by opening windows or
providesadequate heat loss and  ceiling fangChenathwill not cool to
discomfort is generally only felt at reduce humidity until the humidity
high humidity when combined with exceeds 90%.

higher air temperatures.

Air movement 2 AGK KA3IKSNJ I ANJ Chenath enginealculates the wind
ability to lose heat by evaporation speed through each room of the hous
of sweat is increased if windows are opened. It then

calculates the additional comfort this
air movement provides as a reduction
in perceived temperature. Effects of
ceiling fans are also allowed for.

Activity and clothing As the body is more active it Thermostat temperatures are set with
generates heat and the amount of household activity levels and clothing
Of 2G0KS& I F¥FSOUG i inmind. Bedroom heating
lose heat by providing insulatn temperatures overnight are set to
e.g. with appropriate clothing it car lower levels because bedding ides
feel hot while skiing at sub zero insulation and the lower metabolic
temperatures. rate during sleep means a lower
temperature is comfortable.
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Effect on Comfort Modelled inChenath

Personal preference 9 OK 02R&Q& I 0At Thosetemperatures which satisfy the
heat from the environment is greatest proportion of people have
different, and each person has a  been used as thermostat settings.
preference for the rate of heat loss These take into account adaptation tc
to the environment they consider climate as discussed below. Note tha

comfortable. The ranges of cooling is switched on when it is 2.5
conditions which will keep most degrees above the thermostat setting
people comfortable have been i.e. when it becomes uncomfortable.

evaluated in many studies.

Acclimatisation Simply put, if you live in a hot plact Cooling thermostat temperatures are
you will feelcomfortable at higher  set according to the comfort
temperatures than a person who  conditions relevant to the climate. Thi
lives in a cold place. This is thougt is based on Australian studies of

to be in part because people wear acclimatisation.

lighter clothes in warmer climates

and in part human adaptation.

Figure 10ccupant comfort with humidity and temperature
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The range of temperatures arfdl dzY A Riaiwéll @raduce thermal comfort can also be shown on a
psychrometric chartas shown in Figure This chart plots temperature on the horizontal axis against the
moisture content of the air on the vertical axis. The ability of air to hold moisture dépen its temperature.
Warmer air can contain much higher levels of moisture than cold air. Once the moisture content gets high
enough it starts to rain, so there is an upper limit on how much moisture air at a certain temperature can
contain. Because ohts phenomenon there is a curved line on the psychrometric chart that indicates the
maximum moisture content of air for that temperature. This is also known as the saturation line

Section 2.2. explains how the Chenath engine responds to humidity in chetad
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1.4 FACTORS AFFECTINGEIRNAL AIR MOVEMENT

Air movementcanallow people to tolerate higher temperature and humidity wigssdiscomfort. Houses
whichcanpromote better air movement through windows and other openings well as fansyill be able to
reduce the amount of time where air conditioning is needed to provide comfort.

Ceiling fans are available fDhenathwhich can artificially provide air movement and make conditions
comfortablewhentemperaturesare higher outsideThe way in whic&henathmodels this air movement is

oFraSR 2y NBaSINOK dzyRSNIiI 1Sy o0& 5N¥» {GS@Sy {1212fle&z
performance of tropical housingesign

The comfort effects of air movement as modelled in ActaRee shown irFigure 2.

Figurel Air movement and perceived comfort i€henath
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This comfort effect due to air movement is allowed for in the calculatidbhanathand it affects the way it

activates air conditioningChenathchecks at each hour whether temperatures could be made comfortable

simply by opening windows. It considers comfortable conditions to be no more than the neutral temperature

plus 2.8C that is, when the occupants start to feel some discomfort. If the roamlze made more

comfortable by opening windows no air conditioningl bedza SR® LT gAYy R2 g&NHNB yAIQISY SR
(non-conditioned) modeChenathassumes they will be left open for a minimum of 3 hours to reflect the fact

that occupants will not go through the assessment of comfort as rigorously as a computer model.

Chenathwill also turn on air conditioning if the air is too humid, generallyratiad 50% Relative Humidity. If
air movement is provided by opening windows this is relaxed to 908hdfiathis correctly predicting internal
air movementthis comfort effect should substantially reduce cooling loads in-vasitilated houses.

Unless otlerwise stated, the temperatures referred to in this paper refef t& Sy 'WEK @& NB Yy YSy G | €
i S Y LIS NIvhictzMBe Eombination of air and radiant temperature$he environment temperaturis
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reduced by the perceived temperature benefit as a resultioh@vement. Theextent of the improvement in
occupantcomfort will depend on the effectiveness of tdesignin generatingpotentialinternal air
movement. Thigandepend onseveral factors, ashownin Table 2.

Table2 Factors iffluencing air movement through houses and how these an@delled byChenath

Factor Influence on air movement

Direction and Speed of external wind The higher the external wind speed the higher the internal wind speec
the house has openings facing the wind. If openings are also on the
opposite side internal air speeds are higher.

Location and size of openings Larger openings generally allow greater air movement, however, the
distribution around the building also has an effect.

Smaller openings on the side facing the wind and larger openings on
opposite side will promote greater air movement. Openings only
adjacent sides will generally provide less cross ventilation.

The nature of the opening e.g. awning vs sliding vs casement, detern
the net openable ared-or example,iie opened sash in an awning
window blocks some air flow. This is modelleddherath.

Ventilation path through the building Each time the wind goes through an opening before exiting the house
internal wind speed is reduced. Houses which are 1 room deep facin¢
prevailing cooling wind will have higher internal wind speeds thausks

with complex plans. Houses with larger openings between rooms will
allow greater air movement. This is modelled@iyenath.

1.4.1 CEILING FANS
Ceiling fans are assumed to provide air speeds and comfort effects as shdalolés:

Table3 Impact of ceiling fans assumed by Giath when directly below the fan

Fan size Air speed Comfort effect
(mm) (m/second) (°C)

900 0.5 1.7

1200 0.66 2.4

1400 0.77 2.9

The air speed is assumed to be fully effective over twice the swept area of the fan. If a room is larger than this
area, the impact of the ceiling fan is reduced according to the proportion of the room area and the effective
swept area of the fanTable 4 Bows how the comfort effect of a fan varies with room area and number of

fans

Table4 Impact of ceiling fan size and numbef fanson comfort in rooms of various sizes
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Small room- 1 fan Larger rooms 2 fans
.

| 1.4.2 PREDICTING INTERNAR.SPEED

In an earlier report for the NGovernment (Isaacs, 2006) the air speed through a simple test box was
evaluated. The test box was a 5m x 5m square with equal sized openings on the north and south. The internal
air speed in a box such as this will have a very simple relationship to external wind speed. The graphs below
show that the internal wind speed is around 20% of external wind speed for the east/west facing 90%
openable cassvindow andappears to at leadbe anindicative figure Measurements of a real house by Prof.

Dick Ainslie in Townsville shedrthis to be in the average range of observed internal wind speeds shown in
second graph.

Figure2 Comparison ofChenathpredicted windspeeds ima simpletest boxcompared toactual recorded
internal wind speeds for houses in Townsville

Simulated internal versus external windspeed: test box

Monitored internal versus external windspeed: real house
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Measured data from some Townsville houses

Indoor spead = 0 226*WindSpeed + 0 023

Indoor air speed ( mis)

Wind Spead at Airport (m/s)

Source: NTsovernmentreport by baacs angersonal communication Angelo Delsante CSIRO

1.5 CHENATISPACE CONDITIONINROREDURE

The following section isased orthe AccuRate Sustainability help file.

In zonedesigned a4.iving', 'Living/Kitchen', and 'Other’, heating and cooling are available from 0700 to 2400.
In zonegdesigned aBedroom', heating and cooling are available from 1600 to 0900. Although heating and
cooling are available between these times, they areinabked unless required, as described below.

Heating is applied if the zone temperature at the end of the hour without heating is belopréseribed
heating thermostat settingn ChenathAdditionalheatingis supplied so that the temperatufer the
particular zoneat the end of the hour equathe thermostat setting.

Cooling is invked in a more complicated wayhe boundaries of the comfort region on the psychrometric
chartare shown in

10
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Figure4 Chenathcomfort zone with and without air movement
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The psychrometric chart shows that when air movement is provided the range of conditions that can be
considered comfortable increases significamnty the expanded blue arearfdthe red area igor no air
movement) This allows not only higher temperatures to be tolerated but also much higher humidity to be
tolerated as well.

Guide to figure
Top Absolue moisture content = 12 g/kg

Bottom  Absolute moisture content = 0 g/kg (normally it is 4 g/kg Gbenathwill not invoke cooling
merely because the air is too dry)

Right Hfective air temperature allowing for air moveme(&F) line passing through the point
corresponding to (Cooling Thermostat + 2.5) degrees andréfitve humidity RH

Left Not relevant
Notes

1. If at the end of the hour the zone temperature without cooling or ventilation is greater than a trigger
temperatureand greater than the outdoor air temperatugd®C ventilation is switched on (i.e. windows
and other controlled openings in this zone are opened). The trigger temperature is generalip €y
the cooling thermostat temperature, but with an upper liroit 26°C.

2. The new zone condition (i.e. temperature and moisture content) is calculated and an indoor air speed is
estimated. If the indoor air speed is above 0.2 m/s, the comfort region described above is extended in

12
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two ways:

i. the top boundary becomes the 90% RH line, and

ii. the right boundary becomes an ET* line passing through the point corresponding to (Cooling
Thermostat + 2.5 + dT) and 50% RH, where
- dT (Impact of temperature of air movement) x§/-0.2)- 1.6x(v-0.2)2, and
- visthe indoor air speed (m/s). An upper limit of 1.5 m/s is imposed on the indoor air speed.

If the zone condition with natural ventilation is within the extended comfort region, cooling is not
invoked.

3. If the zone condition with natural ventilain remains outside the extended comfort region, and ceiling
fans are available in that zone, the indoor air speed calculated from natural ventilation is replaced by an
indoor air speed appropriate to the number of fans and zone floor area (based onalirgbenefit of
the ceiling fans). If the zone condition with ceiling fans and natural ventilation is within the extended
comfort region, cooling is not invoked.

4. If the zone condition with ceiling fans and natural ventilation is still outside the exteooledort region,
the zone openings are closed, ceiling fans (if any) are switched off, and sufficient cooling is applied so that
the zone temperature at the end of the hour is the cooling thermostat setting.

Note that the cooling calculations include a geic model of a residential air conditioner cooling coil, so that
dehumidification occurs when cooling is invoked i.e. moisture condensing due to the cooling of the air. The
energy extracted from the air to reduce its humidigyreported as the latent cdimg energy.

13
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Wind directions which have both wind speedsm (measured at weather stationmay be as low as /s
through house) and temperatures between 20 and@@ill provide thebest cross ventilation and should have
windows with the largest openable areas on this orientation.

The wind speeds and directions for the locations used in this study are shown in Figure 5 to 10.

Figure 5Darwin wind analysigNatHERS climate file 1)
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Figure 6Townsvillewind analysis(NatHERS climate file 5)
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Figure 7Brisbanewind analysis(NatHERS climate file 10)
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Figure 8Alice Springs wind analys{atHERS climate file 6)

Wind speed and Direction in Alice Springs
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Figure 9Emerald wind analysis¢r Charleville NatHER&imate file 19)
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Figure 10Toowoomba wind analysisf¢r Oakey NatHER Simate file 50)

Air speed and direction in Toowoomba (climate 50 Oakey)
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Two housedesigrs were selected to be typical ofarketled housing inNorthern Australianclimates. The
houses were selected to:

1 Be typical of spec house desgreing constructedhroughout the climate zones evaluated. Both
houses are built in reasonable volume by timising companiesho provided tle designsSmilar
houses can be seen in tipertfolio of most of the voluméousing supplierstho operatein these
climates.

1 Provide a range of typical house sizes: a smaller ssigley 4 bedroom house and a larger two
storey 4 bedroom house were seted. The use of awo-storeyhouse design is particularly important
to evaluate as upper floor bedrooms may not perform very well ands$teoey construction is being
used increasiny in these regions

1 Be as different to the traditional climatic designmsssible. Thaetandardhouses use slab floors, are
not particularly well designed to promote cross ventilation, provide minimal fixed shading and use
small sliding or awning windows.

20
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CLASSIQUE FACADE

Home prices are based on a standard home and facade. Facade images
shown may not be standard and may not be included in the price of your
home. Landscaping, fencing, decking, planter boxes, driveway and paths
are not included.

22840mm

11180mim

Cross ventilation paths (from one external sideha house to the other) are long and must pass through one
or more openings. Only the Living/Kitchen area has openings on more than one side.

21
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Cross ventilation paths are long and pass through multiple openings. The Living/Kitchen has openings on three
sides which is auitablefeature for tropical housingWindow openability is also low with awning windows
used.

22



