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Abstract

This report compares the thermal efficiency df@rmcraft ICEonstruction compared to a
DoubleBrick Brick Veneeand aFramed House construction. A Home Energy Rating was

conducted on a single storewellingmodelledwith 3 comparisons;

1. Formcraft CF compared to Double Bri€lonstruction
2. Formcraft ICF compared to Brick Ven€@amstructionand;

3. Formcraft ICF compared to Framed Construction

The Home Energy Rating was carried out in accordanceAB@B Protocol for House Energy
Rating SoftwareThedwellingwasmodelledin 11 Cities, representing a range of Australian
Climatesnamely, Perth, Adelaide, Brisbane, Canberra, Darwin, Hobart, Melbourne, Sydney,

Cairns, Carnarvon and Albany.

The single storey dwelling assessed has a 290auRdrea with 4 bedrooms, 2 Bathroom and a

doublegarage.

The results show thain the selected climateonesaround AustraliaC 2 NY ONF T i Q&
constructionsystemachieves a higher thermal resistanc®emonstratingower energy
requirements for heating & coolingpmpared to houses built using Double ByiBkick Veneer
& standardFrame.The most significant reductioobservedis in the lower heating

requirements needed to keep tHeormcraftiICFdwellingcomfortable n winter.
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Introduction

FormcraftPty ltd has commissioned the services of AEEBC (CADDS Energy) to undertake a
independently conductethermal efficiency studyThe aim of thistudyis tomeasurethe

thermal performanceof a house built usingC 2 NJY O ICF ifsiiladedl Concrete Fonm

constructionsystem against current conventional methods of construction.

This report compares the thermal efficienaf/FormcraftiCF withDouble BrickBrick Veneer &
LightweightFramel construction, as is applicable to te&ternal waks of an average single

storeydwelling

To isolate the thermal performance of the external wals assessment has minimized the
effect of other building elements contributing to the heating and cooling of a home (e.g. Roof,

window, floor).

Climate

The thermal performance of a building depends largely on the climmatéich the building is
located, for this reason the houses have beeodelledin a number of different climates.
Eleven cities that represent the range of climates within Australia were ch&seth, Adelaide,

Brisbane, Canberra, Darwin, Hobart, Melbouyr8gdney, Cairns, Carnarvon and Albany.

The location and the associated Home Energy R&ysgem (HERS)imate Zonsare as

follows:
Table 1: Home Energy Rating System Climate Zones
LOCATION HERS CLIMATE ZONE DESCRIPTION
Perth 13 Warm Temperate
Adelaide 16 Warm Temperate
Brisbane 10 Warm Humid Summer, Mild Winter
Canberra 24 Cool Temperate
Darwin 1 High Humid Summer, Warm Winter
Hobart 26 Cool Temperate
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Melbourne 21 Mild Temperate
Sydney 17 Warm Temperate
Cairns 32 HighHumid Summer, Warm Winter
Carnarvon 33 Hot Dry Summer, warm winter
Albany 58 Mild Temperate

Building Envelope

The building envelope is the major source of heat gain in summer and heat loss in winter.

studywascompleted by Stefan Brey of Arup Facade Enginedarmi(adpte reference) that

observedheat gain and loss from a fully insulated build{htsulation to walls and ceiliqgease

include the R value of walls and ceilind@ he results of thistudy are illustratedn figure 1

below. These figures are indicative only and individual performance may vary depending upon

design and location.

Figure 1: Heat gain and loss of a dwelling

How Buildings Lose
Heat

m Glazing mWalls m Roof = Floor

How Buildings Gain
heat

m Glazing m Walls m Roof = Floor

8o,  Y0%
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The building envelopwithin this comparison has been included to maximize the effetieait

loss and gain througtine wall construction and minimize the effectsh#at loss and gain

through theglazing, roof & floor.

The Building fabric used within the comparisons (roofcsp@&xterior walls, windows & slain

ground floors) are illustrated in Table 2 for the 11 Cities wherediliellingis modelled

Specifications of Comparison 1

Table 2: Double Brick vs. Formcraft ICF Construction
Ceili Windows
Construction Internal Wall €l m_g
Insulation
Type U SHGC
Double Brick | Single Leaf Bric R5 Double Glazed/Lo¥ 3.56 0.63
Formcraft ICF| Single Leaf Bric R5 Double Glazed/LovE 3.56 0.63
Specifications of Comparison 2
Table 3: Brick Veneer vs. Formcraft ICF Construction
Ceili Windows
Construction Internal Wall €l |n_g
Insulation
Type u SHGC
Brick Veneer Stud Frame R5 Double Glazed/Lov 3.56 0.63
Formcraft ICF Stud Frame R5 Double Glazed/Lov 3.56 0.63
Specifications of Comparison 3
Table 4: Stud Framed vs. Formcraft ICF Construction
Ceil Windows
Construction Internal Wall €l |n_g
Insulation
Type U SHGC
Framed Wall Stud Frame R5 Double Glazed/Lovi 3.56 0.63
Formcraft ICF Stud Frame R5 DoubleGlazed/LowE 3.56 0.63

6 | Prepared by AEEBC (CADDS Energy)




A comparison in Thermal Efficiency between a Formcraft ICF House, a Double Brick 2009
House and a Framed House.

Windows : Windows are based on a double glazed{gwindow. The window to floor area of

the dwelling is 13.7%

The Uvalueis the measure of heat conduced through the window from the outside to the air
inside U-value measurelow well a product prevents heat from escaping. It is a measure of
the rate of non solar heat loss or gain through a material or assembiglug ratings generally
fall between 2.610.0 W/m2.K for Australian products. The rate of heat is indicated itetimes

of the Uvalue of a window assembly which includes the effect of the frame, glass, seals and
any spacers. The lower thevdlue, the greater a window's resistance to heat flow and the

better its insulating value

SHG®Gs the amount of radiant solar la¢ admitted by the windowSHGC measures how well a
product blocks heat caused by sunlight. The SHGC is the fraction of incident solar radiation
admitted through a window, both directly transmitted, and absorbed and subsequently
released inward. SHGC igpexssed as a number between 0 and 1. The lower a window's SHGC,

the less solar heat it transmits.

External Walls : The external walls of the Brick Veneer and Framed Construction included

R1.5 Bulk insulation. The exterior walls of fermcraft ICEwellingincludedFormcrafQ BCF

wall system consisting of reinforced acrylic render system, 60mm Polystyrene, 100mm

Concrete, 60mm Polystyrene, and 13mm Plasterboards. Ve of theFormcraftwall is 3.5

based on Thermal Resistance CalculationidevbyD | 6 NA St Q& 9y OAMNR Y YSy il
Double Brickvall consisted of Zeafs of brick with a Total R value of 0.52 based on BERS Home
Energy Rating Software

RValueis a measure of thermal resistanoéa material The higher the value the betterig at

resisting heat transfer.

Roof & Cellings: The roof consists of a Metal Deck with R5 insulation to a flat plasterboard
ceiling. The R Value to the roof is used to minimize the effect of heat gain artd thes

dwelling
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Floors: The ground floor construction consists of a slab on ground with a combination of

carpet and tiles.

House Energy Rating Software
Heating and cooling of homes adds cost to energy bills and impacts the environment. The
amount of energy to stay warm in wintand cool in summer can easily be redutiecbugh

good design and construction of our homes.

House Energy Rating is a thermal simulation computer program which assesses the potential
thermal performance of an Australian home; analysing all the elemertteedbuilding to
determine how much cooling & heating is needed to maintain a comfortable internal

temperature expressed as a measurement of MJ/m2/annum.

The BERS (Building Energy Rating Scheme) computer program is a tool used to simulate and
analyse thehermal performance of Australian houses in climates ranging from Alpine to
tropical. It is a rating tool that assigns a star rating to a residential building (a detached er semi
detached house, unit, townhouse, or apartment) based on its calculated aheatihg and

cooling energy requirements (not energy consumption, i.e. the efficiency of heating and cooling

equipment is not taken into account).

The heating and cooling energy requirements are calculated hourly over a period of one year,

using one year fatypical weather data appropriate for the location.

Occupant behaviour is taken into account because it strongly affects the heating and cooling
energy calculated. However, because BERS Pro is a rating tool, it does not allow the user to

modify the assumfions made regarding occupant behaviour.

The following aspects of occupant behaviour are taken into account (for a full descyiption

please refer to appendix 3):

e Hours of heating and cooling

e Heating and cooling thermostat settings
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e Operation of windows andther openings to increase ventilation
e Operation of adjustable outdoor window shading

e Operation of indoor window coverings

The energy requirements for cooling and heating are present@ainies 24. Although energy
simulation is not an accurate predictof actual energy use, it is a suitable tool for comparing

and evaluating different constructions.

Heating and cooling loads will vary with orientation of the building; ebegéllinghas been
modelledwith front elevation of each plan facimprth to allowfor a control of Climatic factors

(e.g. path of the sun, cooling breezes).

Tables 57 illustrate a number ofenergy calculationslhedefinitions of each energy calculation

are below.

Heating: Annual heating energy requirements neaintain a comfortable internal temperature

expressed as a measurement of MJ/m2/annum.

Cooling: Annual cooling energy requirements tmaintain a comfortable internal temperature

expressed as a measurement of MJ/m2/annum.

Total: Annual total cooling anteating energy requirements tmaintain a comfortable

internal temperature expressed as a measurement of MJ/m2/annum.
*The comfortable internal temperatures of each location are represented in the table in Appendix

Difference: Thecalculatedvariationin energy requirements between the two construction
methodsassessedThis is shown aspercentage othe energyrequirementas is applicable to
the Formcraft ICF systemA positive value indicatébe percentagancreaseto energy
requiremerts to maintain a comfortable internal temperatutia the non Formcraft ICF

dwelling. Anegative value indicatethie percentage decrease &nergy requirements

Please note: These calculations are energy requirements not energy consumption (i.e. the

efficiency of heating and cooling equipment is not taken into account)
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Comparison 1
Table 5: Formcraft ICF vs. Double Brick

Perth Heating 25.2 58.9 134%
Cooling 5.5 6.8 24%
Total 30.7 65.7 114%
Adelaide Heating 50.4 100.1 99%
Cooling 7.8 11.3 45%
Total 58.3 1115 91%
Brisbane Heating 6.2 19.2 210%
Cooling 19.4 21 8%
Total 25.6 40.3 57%
Canberra Heating 166.9 275.9 65%
Cooling 0.6 0.7 14%
Total 167.6 276.5 65%
Darwin Heating 0 0 -
Cooling 271.9 305.1 12%
Total 271.9 305.1 12%
Hobart Heating 177.3 287.5 62%
Cooling 0 0 -
Total 177.3 287.5 62%
Melbourne Heating 105 180.2 72%
Cooling 2.1 2.4 14%
Total 107.1 182.4 70%
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Sydney Heating 14.8 36.7 148%
Cooling 9.1 10.7 18%
Total 24 47.3 97%
Carnarvon Heating 0.1 2.2 2100%
Cooling 38.7 42.2 9%
Total 38.9 44.4 14%
Albany Heating 87.7 155.4 77%
Cooling 0.9 1 10%
Total 88.8 156.2 76%
Comparison 2
Table 6: Formcraft ICF vs. Brick Veneer
PROJECT DETAILS CONSTRUCTION
Location Energy Requirement Formcraft ICF Brick Veneer leferen.ce n energy
requirements
Perth Heating 24.8 35.3 42%
Cooling 15 16.7 11%
Total 39.8 52 31%
Adelaide Heating 48.5 63.9 32%
Cooling 13.8 15.5 12%
Total 62.3 79.4 27%
Brisbane Heating 7 11.1 59%
Cooling 25.9 27.3 5%
Total 32.9 38.3 16%
Canberra Heating 158.8 193 22%
Cooling 3.2 3.4 6%
Total 161.9 196.4 21%
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Darwin Heating 0 0 -
Cooling 276.4 286.6 4%
Total 276.4 286.6 4%
Hobart Heating 167.5 202.4 21%
Cooling 0.2 0.3 50%
Total 167.8 202.7 21%
Melbourne Heating 98.8 122.1 24%
Cooling 5 5.6 12%
Total 103.8 127.7 23%
Sydney Heating 14.9 21.6 45%
Cooling 11.2 12.1 8%
Total 26.1 33.7 29%
Carnarvon Heating 0.7 1.7 143%
Cooling 43.2 45 4%
Total 43.8 46.7 7%
Albany Heating 83.7 105.1 26%
Cooling 2.1 2.2 5%
Total 85.8 107.3 25%
Comparison 3
Table 7: Formcraft ICF vs. Framed

Difference in energy

Location Energy Requirement Formcraft ICF Stud Framed requirements
Perth Heating 24.8 37.3 50%
Cooling 15 194 29%
Total 39.8 56.7 42%
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Adelaide Heating 48.5 66.1 36%
Cooling 13.8 17.3 25%
Total 62.3 83.3 34%
Brisbane Heating 7 13 86%
Cooling 25.9 30.6 18%
Total 32.9 43.6 33%
Canberra Heating 158.8 197.2 24%
Cooling 3.2 4.5 41%
Total 161.9 201.7 25%
Darwin Heating 0 0 -
Cooling 276.4 295.1 7%
Total 276.4 295.1 7%
Hobart Heating 167.5 206.3 23%
Cooling 0.2 0.4 100%
Total 167.8 206.7 23%
Melbourne Heating 98.8 124.4 26%
Cooling 5 6.6 32%
Total 103.8 131 26%
Sydney Heating 14.9 22.8 53%
Cooling 11.2 13.2 18%
Total 26.1 36.1 38%
Carnarvon Heating 0.7 2.2 214%
Cooling 43.2 44.8 4%
Total 43.8 47.1 8%
Albany Heating 83.7 108.4 30%
Cooling 2.1 2.7 29%
Total 85.8 111.1 29%
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In all the climate zones, theormcraft ICHHouse achieved lowearooling and heating
requirement required tanaintain a comfortable internal temperature compared to theuble
Brick Brick Veneer & Framddouse. This is a result of a well insulated envelope provided by

R3.5 Insulation.

Energy Efficiency Provisions of the BCA
The Energy Provisions of the Building Codes of Australia set the standard for houses in Australia
in respect to Thermal Efficiency. The energy efficiency provisions of the BCA are applicable to

new and fully refurbished dwellings.

External Wall
It is a equirement under the deemed to satisfy energy efficiency provisions of the BCA Part

3.12.1.4 (a) that an External Wall has a minimlmhal R Value as specified under the table
below, with various alternative options available for compliance. Masogulbke Brick
Construction will comply with External wall requirements based on the additional requirements
listed in Table 5. It can be seen thermcraft IChas the benefit oveDouble BrickValls in a
number of different climate zone where additional respments are needed for Masonry

Construction, which include insulation and shading.

Table 8: External Wall Requirements
Climate Zone eIl [R5 Masonry Requirement
Value
1. Incorporate reflective insulation
1 19 2. Construct on dlooring system that is in direct
' contact with the ground (e.g. slab on ground)
3. Shade external wall at a min angle of 15 degrees
2 19 1. Construct on a flooring system that is in direct
(below 300m altitude) ' contact with the ground (e.g. slab on ground)
2 . L
(at or above 300m 19 1. Construct.on a flooring system that is in direct
altitude) contact with the ground (e.g. slab on ground)
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1. Achieve a Total R value of 1.4
3 1.9 2. Construct on a flooring system that is in direct
contact with the ground (e.g. slab gmound)
4 29 1. Construct on a flooring system that is in direct
' contact with the ground (e.qg. slab on ground)
5 19 1. Construct on a flooring system that is in direct
' contact with the ground (e.g. slab on ground)
1. Incorporate insulation with aRRValue of not less
6 29 than 0.5
' 2. Construct on a flooring system that is in direct
contact with the ground (e.g. slab on ground)
1. Incorporate insulation with an-Ralue of not less
7 2.4
than 1
2. Incorporate insulation with an-Ralue of not less
8 3.3
than 1.5
Conclusions

This report presents the results of an assessment otlieemalperformance ofa FormcrafQQ a
ICFconstructionsystemcomparedwith Double BrickBrick Veneeand Light Framed
construction. A Home Energy Rating (HER) waslelledon a single storey dwellingnd 3
comparisonsvere conducte¢glFormcraft ICEompared toDouble BrickFormcraft ICF
Compared to Brick Veneer; aikrmcraft ICEompared to Framed Construction. The House
Energy Rating waserformedin accordance witihBCB Praicol for House Energy Rating

Software.

Theresultsshow thata single storeydwelling,constructedin Formcraff BCFsystemachieves
lower heating and cooling requiremenitseach of theselected locations around Australihe
Formcraft ICEwellingperforms better than the other constructions due to the high thermal

resistance to heat.

This report is solely looking at the comparison of external wall construction of the household.

There are a number of other factors that contribute to the heating eodling of a homeOn
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the averagesingle storeyesidential dwellingthe external wallsare expected taontribute to
14% heat loss and 8% of heat gain. The requirements for heating and cooling should only be
used as @omparative measure to the thermperformanceof the walls relative to each

constructionmethod.

FormcraftICF alsdhas additional advantages in regartts compliancerequirements for the
Energy Efficiency Provisions of the BG&As demonstrated thatrormcraft ICFHhas a distinct
benefit over Double Brickwalls where additional requirements are needed for Masonry

Construction Thisncludes provisions fomsulation and shading.
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APENDIX 1z House Plans
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APPENDIX 2z Occupant Behaviour

Thermostat settings applied according to the climate zone

Zones which are heated and/or cooled have thermostat settings applied according to the climate zone
1. Inzones of type 'Living', 'Living/Kitchen', and 'Other’, heating and cooling are available from
0700 to 2400.
2. In zones ofype 'Bedroom’, heating and cooling are available from 1600 to 0900.

Although heating and cooling are available between these times, they are not invoked unless required,
as described below.

Heating:

Heating is applied if the zone temperature at the eridh® hour without heating is below the heating
thermostat setting. Enough heat is supplied so that the zone temperature at the end of the hour is equal
to the thermostat setting.

Cooling:
Cooling is invoked in a more complicated waye comfort region o the psychometricchart is a
parallelepiped, the boundaries of which are:

Top: Absolute moisture content = 12 g/kg

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

Right: ET line passing through the point corresponding to (Cooling Thermostat + 2.5) degrees
and 50% RH

Left; Not relevant

1. If at the end of the hour the zone temperature without cooling or ventilation is greater than a
trigger temperature and greater #m the outdoor air temperaturdess4 degrees, ventilation is
switched on (i.e. windows and other controlled openings in this zone are opened). The trigger
temperature is generally 0.5 degrees below the cooling thermostat temperature, but with an
upper limit of 26°C.

2. The new zone conditiofi.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 two ways: the top boundary becomes the 90% RH line, and the right
bounday becomes an ET* line passing through the point corresponding to (Cooling
Thermostat + 2.5 + dT) and 50% RH, where

2.1. dT = 6*(»0.2)- 1.6%(v-0.2)?,
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2.2. visthe indoor air speed (m/s). An upper limit of 1.5 m/s is imposed on the indoor air
speed.

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

3. If the zone condition with natural ventilation remains outside the extended comfort region,
and ceiling fans are available in that zone, the indooraed calculated from natural
ventilation is replaced by an indoor air speed appropriate to the number of fans and zone floor
area (based on the cooling benefit of ceiling fasse Zone details). If the zone condition with
ceiling fans and natural venttian 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 extended
comfort 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.

5. Note that the cooling calculations include a generic model of a residential air conditioner
cooling coil, so that dehumidification occurs whagoling is invoked. The dehumidification
energy is reported as the latent cooling energy

Type:
The zone type determines certain modelling and other assumptions. The available types and the
assumptions made are ésllows:

Zone type Assumptions and comments

Living Conditioned from 07002400. Daytime occupancy. No cooking heat
gains.

Bedroom Conditioned from 16000900. Nighttime occupancy.

Living/Kitchen Conditioned from 07002400. Daytimeoccupancy. Cooking heat gain:
included.

Other (daytime usage) If heated and/or cooled, conditioned from 070@400. No occupancy
heat gains.

Other (nighttime usage) If heated and/or cooled, conditioned from 1600900. No occupancy
heat gains.

Garage If heated and/or cooled, conditioned from 070@400. No occupancy
heat gains.

Roof Space Invokes special roof space model.
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APPENDIX 3z Thermostat Settings

., , Heating o w2 yHéegtingz T Gery Cooling
AcpuRate BCA . . q?[ /27\2@3/7\8;3 K2Y:F7\ l-ju()e Loyver value applies to 016w700, conél?tliz)ned
climate Climate Typical location Garage) higher to 08060900 and 1600 zones)
zone Zone Q) 2?00 °C)
°C)
1 1 Darwin Airport 20.0 15.0 or 18.0 26.5
2 1 Pt Hedland 20.0 15.00r 18.0 27.0
3 3 Longreach 20.0 15.0 or 18.0 27.0
4 3 Carnarvon 20.0 15.0 or 18.0 26.0
5 1 Townsville 20.0 15.0 or 18.0 26.5
6 3 Alice Springs 20.0 15.0 or 18.0 26.5
7 2 Rockhampton 20.0 15.0 or 18.0 26.0
8 4 Moree MO 20.0 15.0 or 18.0 26.0
9 2 Amberley 20.0 15.0 or 18.0 26.0
10 2 Brisbane 20.0 15.0 or 18.0 255
11 2 Coffs Harbour MO 20.0 15.0 or 18.0 25.0
12 5 Geraldton 20.0 15.0 or 18.0 25.0
13 5 Perth 20.0 15.0 or 18.0 25.0
14 7 Armidale 20.0 15.0 or 18.0 24.0
15 5 Williamtown AMO 20.0 15.0 or 18.0 25.0
16 5 Adelaide 20.0 15.0 or 18.0 25.0
17 5 Sydney RO 20.0 15.0 or 18.0 25.5
18 6 Nowra RAN 20.0 15.0 or 18.0 24.5
19 3 Charleville 20.0 15.0 or 18.0 27.0
20 4 Wagga AMO 20.0 15.0 or 18.0 25.0
21 6 Melbourne RO 20.0 15.0 or 18.0 24.0
22 6 East Sale 20.0 15.0 or 18.0 23.0
23 7 Launceston 20.0 15.0 or 18.0 225
24 7 Canberra Airport 20.0 15.0 or 18.0 24.0
25 8 Cabromurra 20.0 15.0 or 18.0 23.0
26 7 Hobart 20.0 15.0 or 18.0 23.0
27 4 Mildura AMO 20.0 15.0 or 18.0 25.0
28 6 Richmond 20.0 15.0 or 18.0 24.5
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