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EXECUTIVE SUMMARY 

1. The knowledge of Australian Standard 1684 (t imber framing code) is ubiquitous in the 

residential and l ight commercial bui lding industry and is almost so in its application. The 

lightweight timber framing code has formed the basis of the project and custom home 

market in Austral ia and, despite increasing market share of pre-fabricated construction 

systems, wi ll  continue in the foreseeable future. Ensuring and potentially expedit ing the 

continued uptake of Passive House in Australia a Certi fied Passive House Construction 

system has been developed util izing AS1684 for the warm cl imate data set. It is compliant  

with the latest NCC.  

2. Developed through necessity for the most cost-effective method to build our own Passive 

House project in Toowoomba, the construction system has been ‘leaned’ such that a Passive 

House Construction System may be built from minimum components to reduce cost and 

complexity, which is important for home owners,  developers  and those building social  

housing.  

3. The construction system has been developed and veri fied by LAB Design using FLIXO 

(Infomind GMBH) and WUFI® before being independently checked by EMU Systems prior to 

PHI Certif ication.  

4. The major advantage of the construction system is that it de-mystifies Passive House for 

home owners and uses a common building language for professionals in the construction 

industry. It does not need to be procured from a manufacturer and can be used by the entire 

spectrum of the building and construction industry from owner builders to large project 

home builders. It  can be entirely built  from scratch or entirely  pre-fabricated us ing AS1684 

as the basis,  with attention to detail  at junctions and opening installat ions. The system 

allows for simple application by Passive House professionals.   

5. The details of the construction system wil l be available on a membership basis where the 

initial system offers a l ightweight construction system with the choice of two external  

wraps, two mineral wool options and a certi f ied window, however, it is  an ‘open 

architecture’ system which will a llow other components, junctions, wall,  roof & floor 

systems to be added, substituted, or upgraded once verified and PHPP data produced. This  

has the potential for further optimisation of the envelope for specific c limates within the 

warm data set and expansion to the warm-temperate zone. This ‘open architecture’ wi ll  

allow members to upload everything from individual junctions & window installat ion details 

to new membranes and window sets to be modelled and then added for the community.  

6. In short,  whilst there are bespoke systems avai lable,  the application of existing bui lding 

systems, particularly the timber framing code, can expedite the increase of Passive House 

in Australia and turns the possibil ity of Passive House into a choice that just makes sense. 
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INTRODUCTION 

1. The application of Pass ive House in Australia is  increasing, and the rate of increase is  also increasing,  

however, for most projects,  the design, detai ling and construction of Passive House projects  is  

challenging for both designer and builder. The Passive House standard is a performance-based system 

which allows choice of building systems, within climate zone, for the entire envelope i f the energy and 

health criteria are met. The same performance based system exists within the National Construction 

Code of Australia (NCC) which provides performance criteria and deemed to satisfy (DTS) methods to 

meet the performance criteria,  and for residential building application of the Australian Standard 

AS1684-Residential Timber-framed Construction is used almost ubiquitously. DTS is also present within 

the Passive House Industry as Passivhaus Certi fied Components or Systems that simplify designing,  

specifying, and certifying Passive House particularly entry into PHPP. This paper outlines the 

intersection of PHI with the NCC through the development of an Australian Certified Passive House 

Component: Opaque construction System, uti lizing AS1684 for the warm climate data set with minimum 

components reducing cost and complexity.  

SCOPE 

2. The scope of this paper is  as fol lows; 

a. Virtual Prototyping – Thermal and Condensation Analysis 

b. AB Design Construction System – Optimising Cost and Quality 

c.  Certified Passive House Components; Opaque Construction Systems 

d. Toowoomba Passive House Pi lot Project 

e. ‘Open Architecture’ Passive House Construction System (PHPP Qual ity Data) 

VIRTUAL PROTOTYING – THERMAL AND CONDENSATION ANALYSIS 

3. Unti l the arriva l of Passive House to Austra lia the envelope of low-rise buildings both residentia l and 

commercial had changed little over the past two decades. The vacuum of information, technology and 

products for Passive House has initially been fi l led from Europe and mostly Germany. It is a normal 

phenomenon for this to occur until  the application of the physics and idea of Passive House becomes a 

standard part of the building vernacular. Consider the first buildings constructed by our forebears in 

Austral ia during the early 19 t h  Century which drew strong influence from northern Europe and how 

overtime experience and available materials led to the development of building typology responsive to 

climate, perhaps the most recognisable is the Queenslander.  

4. Re-inventing the wheel or the building with direct application of imported techniques and products has 

occurred which represents challenges for the building owner, designer and builder; particularly for 

gaining local engineering certif ication as well  as general  scepticism from within the bui lding industry 

this is  further amplified when coupled with higher costs without the data and experience to justi fy,  

mit igate or reduce the cost of building to Passive House Standard. 
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5. At the t ime of publication of this paper the Passive House sector of the building industry has become 

more prevalent.  More systems, products  and components have been introduced to assist in construction 

of Passive House buildings which has been benefic ial in improving building methods. Inadvertently rules  

of thumb (some drawn from overseas) and ‘standard’ methods have been produced and some products  

have been used when not required or in the worst case used inappropriately, most of which have 

bypassed virtual prototyping. Virtual prototyping which has the ability to optimise the envelope or use 

adapted existing methods, improve the overall  knowledge base and crucia lly ensure that improvements 

to the thermal envelope done in good faith don’t adversely compromise the envelope or increase cost 

unnecessarily.  Virtual  Prototyping should be done in preference to checking of as-built  components or 

junctions. 

6. The Passive House Planning Package (PHPP (9.6)) prepares an energy balance and calculates the annual  

energy demand of the building based on the user input relating to the building's characteristics, which 

allows the test and adjust of the entire building envelope. Individual components and junctions are 

virtually prototyped using specific software for thermal and condensation analysis.  Software used in 

the preparation of this paper and construction system are; 

a. Thermal Bridge and Component Analysis;  

i . Flixo by Infomind 

ii . Mold 3D by Dartwin 

b. WUFI by Fraunhofer Institute  

CERTIFIED PASSIVE HOUSE COMPONENTS; OPAQUE CONSTRUCTION SYSTEMS 

7. The Passive House Institute has established a component certif ication which defines “quality standards, 

facil itate the availabil ity of highly  efficient products and promote their  widespread application, and to 

provide planners  and building owners with rel iable characterist ic values for input into energy balancing 

tools”(PHI,  2015).  

8. The process to gain certi fication is rightly rigorous and requires all  junctions and the corresponding 

transparent elements to be virtually prototyped for the full construction system. 

9. The construction system is specified for PHI c limate zone. Table 1 details the criteria to be fulfi l led for 

the warm climate zone.   
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Climate 

Zone 

Hygiene 

criterion 

Comfort cr iterion Efficiency cr iteria 

 fR s i=0.25 

m²K/W ≥  

U-value of the 

installed window ≤ 

U-value of 

the exterior 

building 

component 

Uopa q ue  * fPH I  

≤ 

Purely opaque 

details  

fRsi=0.25 

m²K/W ≥ 

 

Absence of 

thermal bridges 

Ψa ≤  

 [-]  [W/(m²K)] [W/(m²K)] [-] [W/(mK)] 

Warm 0.55 1.25(1.1) 0.5 0.74 0.01 

Table 1 - Criteria to be fulfilled depending on the climate zone 

10. The process involves resolving an equivalent U-Value for each component and determining an 

equivalent λ (W/mK) for inhomogeneous elements such as a stud wall.  An added complexity (often 

overlooked) relates to factor of 2.2 appl ied to the thermal conductivity of wood and wood products  

when the heat flow is parallel to the direction of the fibres 

LAB DESIGN CONSTRUCTION SYSTEM – OPTIMISING COST AND QUALITY 

Perfection is achieved, not when there is nothing more to add, but when there is nothing left to take away – Antoine de Saint 

Exupéry, Airman’s Odessey 

11. The LAB Design Construction System was developed by the ambition for the most cost-effective method 

for a self-funded Passive House Pilot project in Toowoomba Queensland, which is c lassified within the 

PHI warm climate zone. Passive House provides the overal l cr iteria to be met which sets a framework 

for optimisation for climate.  This allows the components system to have the same basic bui lding block 

and then add elements when required due to thermal or condensation requirements as dictated by the 

climate data set. The system can be built on site or pre-fabricated.  

12. The construction system will  be an online construction manual  based upon exist ing knowledge and 

practices that has been v irtually prototyped for use in the construction of Passive House buildings using 

timber frames, reducing overheads for the designer and build team by providing drawings and thermally  

modelled junctions to reduce cost whilst maintaining Pass ive House quality . 

13. The boundary conditions determined for the system were; 

a. Achieve PHI Opaque Component Certif ication 

b. Minimum deviation from AS1684 

c.  Minimum Components  

d. Low Interstit ial Condensation Risk  

e. Maximum use of standard process for al l trades 
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f. Maximum Simplicity of Junctions for appl ication of airtightness membrane 

ACHIEVE PHI OPAQUE COMPONENT SYSTEM 

14.  The desire to achieve PHI Opaque Component Certif ication would ensure that the system would gain 

immediate legitimacy through rigorous virtual  prototyping ensuring the possibil ity of widespread 

application within the Passive House Sector. Further the increase of Passive House in Australia could be 

enhanced using the t imber framing code due to its already widespread use within Austral ia.  

15.  LAB Design engaged EMU Systems to guide and independently check the construction system and act as 

a conduit with PHI. EMU Systems conducted 3D analysis of the wall components so that anisotropic λ 

values could be determined for use within 2D thermal bridge software for junction analysis.  

 

Figure 1 - 3D Floor Analysis 

16.  Figure 1 shows the output of Mold 3D for the floor system which allow the determination of anisotropic  

λ values. This added layer of virtual prototyping increases the accuracy of 2D models and provides 

horizontal and vertical λ values for the floor and wall which are detailed in Table 2.  
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Construction System Element Across Framing Along Framing 

W/mK 

Floor Internal EQ Insulation + Framing 0.0432 0.0501 

Floor Suspended EQ Insulation + Framing 0.0423 0.0493 

Wall External EQ Insulation + Framing 0.0417 0.0541 

Table 2 - Anisotropic WQ Layers 

17. The overal l U-value of components calculated through virtual prototyping is  as shown in Table 3.  

 

Construction 

System Element 

PHI Code U-Value (W/m2K) 

External Wall EW 0.283 

Floor FS 0.259 

Roof RO 0.260 

Table 3 - LAB Design Construction System U-Value 

MINIMUM DEVIATION FROM AS1684 

18. The LAB Design Construction System consists of an AS1684 wal l as the basis of the wall  component. The 

90mm pine stud is used as the bui lding block. This building block can be used for s ingle or double storey 

elements. Additional insulation has been added by adding a 45mm batten attached vertically to give 

greater scope for use of the wall  system within the Warm Climate Zone.  

19. The minimum deviation from AS1684, such as  using the standard junction detail  and nogging 

requirements from the AS1684 was used to alleviate over detail ing of the wall  system and continue the 

common language understood by most builders. Standard elements  were virtually prototyped to 

determine whether they could be used and if  so the magnitude of the associated thermal bridge and 

any potentia l condensation risk.  
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Figure 2 - Nogging Thermal Bridge (left) – External Corner Thermal Bridge (right) 

20. Figure 2 shows the effect,  or lack thereof of nogging in the LAB Design Construction System. The thermal 

bridge result of 0.0096 W/mK for the nogging and -0.019 W/mK for the external corner would be 

considered thermal bridge free and the F rs i  in both cases are significantly greater than required for the 

PHI Warm Climate Data Set. 

MINIMUM COMPONENTS 

21. Due to the high standard of Passive House criteria it is  often the case that elements are added,  

insulation increased, and levels of glazing improved. Passive House has the necessary tools to optimise 

for not only comfort but also cost. Antoine de Saint Exupéry provides a pathway to be considered for 

Passive House designers and bui lders. The Passive House criteria are deliberately not set at  zero for 

heating and cooling demand to account for the diminishing returns once the criteria are achieved, 

therefore, should a building just achieve the Passive House criteria it could be considered “perfect” and 

hence optimisation of the building envelope can occur to begin reducing cost.  Bonilauri (2018) 

identified that the best results  in al l US locations was produced when using both an internal  and 

external breathable membrane, however the results (of virtual prototyping) supported “the North 

American practice of using the external WRB membrane as airtight layer in warm climates,  allowing for 

simpler construction practices and non-negligible money savings”.  
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Note 

Optimisation of the Building Envelope should not compromise the durability of the structure and virtual 

prototyping should be util ised to ensure risk of structural degradation is reduced as low as practicable. 

22. The LAB Design Construction System uses as a single external breathable membrane (as shown in Figure 

3) as the basic bui lding component acting as both a weather resistant barrier (WRB) and airtight layer 

(ATL).  This system complies with the NCC 2019 and requires taping and additional attention to detail  

for penetrations in addit ion to normal residentia l building methods which reduces the addit ional costs  

associated with building to Passive House Standard and allows an inexperienced Passive House builder 

to quote as for a NCC “standard” house and allow for a smaller prime sum amount for initial projects .  

    

Figure 3 - Breathable Membrane external (left) & internal (right) 

23. The LAB Design Construction System, when using a combined WRB/ATL, may be employed in PHI Warm 

climate data set locations that have been virtual prototyped by WUFI and assessed to have a Low 

interstit ial condensation risk.  

LOW INTERSTITIAL CONDENSATION RISK 

24. For each WUFI analysis “as built/in service” conditions should be simulated including infiltration,  

exfi ltration and rain penetration,  the crit ical locations in the assembly are identified and monitored 

and the values at these monitoring positions can then be compared to thresholds and guidance provided 
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in Standards and other appropriate l iterature to determine their acceptabil ity. Values to be monitored 

at cr itical locations in each assembly include Relative Humidity (RH) and Moisture Content (M%) which 

provide an indication of the risk of condensation mould, timber rot, potential corrosion of f ixings and 

decreased insulation performance. 

25.  LAB Design engaged EMU Systems to provide initial WUFI analysis and later peer review of our own 

WUFI analysis.  

26.  The wall,  f loor and roof structures have been analysed at the t ime of the paper include; 

a. Toowoomba 

b. Coffs Harbour 

c. Gold Coast 

d. Nowra 

e.  Randwick (Sydney)  

27.  The WUFI cross-section displayed below is indicative of the analysis  for the entire construction system 

and shows the levels of humidity both mean as well as high and low humidity peaks over a 12 month 

period. The entire analysis is conducted for a 10 year period. 

 

Figure 4 - WUFI 12 Month Analysis Cross Section 
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28. WUFI analysis for the locations highlighted the importance of two key elements; 

a. air tightness,  with the n50 ≤ 1.0 ACH considered to be suitable to ensure durabil ity of the 

structures,  and 

b. a ventilated cavity on the outside of the WRB/ATL ensuring that any high levels of humidity can 

quickly recover,  particularly where rain inf iltration has been included in the ‘crash case’ 

scenario as demonstrated in Figure 5.  

 

Figure 5 - Relative Humidity of Wall Structure versus Time 

29. A moisture risk matrix for different climates and conditions is being produced and will  contribute to the 

expansion of locations for the LAB Design Construction System.  

MAXIMUM USE OF STANDARD PRACTICE FOR ALL TRADES 

30. It was considered essential to the cost containment of projects using the LAB Design Construction 

System that impact on the main contracting builder and sub-contracted trades was reduced as low as  

practicable. 

31. The biggest advantage is clearly cost containment; however, the reduction of new techniques and 

materials allowed all  trades to focus on the penetrations they were required to make and ensure that 

the penetration was appropriately sealed. 
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Figure 6 - Penetrations of the External Envelope 

32. Further the maximum use of standard practice for al l trades allowed some novel and excellent solutions 

to situations that may be overlooked, for example, tie down rods were used for the structural integrity 

of the structure.  The t ie-down rods were virtual prototyped for thermal and condensation analysis as 

shown in Figure 7. The thermal bridge is negligible and the overall  F rs i  of the wal l including studs, batten 

and the tie-down rod is  significantly greater than prescribed by the PHI criteria. The figure a lso 

demonstrates the attention to detail  onsite by the widening of the top of the hole for the rod to allow 

a greater amount of mastic to be applied to improve the airtightness. 
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Figure 7 - Tie-down Rod virtual prototype and penetration sealing 

MAXIMUM SIMPLICITY OF JUNCTIONS FOR APPLICATION OF AIRTIGHTNESS MEMBRANE 

33. Many different configurations of the wall  system were considered prior to the submission of 

documentation and virtual prototyping to PHI. There has been a constant theme from many previous 

conference presentations that highlight the importance of simplic ity of junction design such that the 

construction could be achieved effectively onsite. 

34. The best example of the simplicity of junctions is the Roof – Eaves (ROea) junction, which has the 

following advantages; 

a. Continuous Membrane 

b. Simple Taping  

c.  Variable overhang length 

d. Standard roofing attachment 

e. Ventilated Cavity above the membrane 



OPEN ARCHITECTURE PASSIVE HOUSE CONSTRUCTION SYSTEM 

LAB Design Construction System – Optimising Cost and Quality 

Published Date: 11 Sep 2020 

 Page 15 of 24 

© 2020 by LAB Design 

f. Security of the membrane from  

i. wind due to the attachment batten  

ii . roofing attachment penetrations due to the larger member used. 

 

Figure 8 - ROea - Detail Drawing 
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Figure 9 - Roof membrane with over batten 
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TOOWOOMBA PASSIVE HOUSE PILOT PROJECT 

35.  The LAB Design Construction System has been trialled for our Pi lot Project in Toowoomba. Our selected 

building contractor,  Titanium Homes, had a reputation for attention to detail with finishes but had no 

previous experience with Passive House building and has yet to complete the certif ied Passive House 

trades program. 

36.  The design of the project was deliberately simple with some inspiration drawn from Passipedia,  to 

reduce the overal l project risk and to a llow demonstration of the construction system in its most basic  

configuration and reduce cost.  

  

Figure 10 - Toowoomba PH Pilot project design inspiration 

37.  The Toowoomba Passive House pi lot project meets PHI Passive House Plus level of performance. 

38.  The cl imate model used primarily for the modell ing was Toowoomba PHI Certif ied cl imate data (Warm 

Climate Set.  

39.  The following table outlines the key points of the PHPP modelling.  

Performance Criteria Detail  

Airt ightness Breathable membrane and tapes to timber frame LAB Design 

Construction System 

ACH Model led 0.6 

Wall / floor / ceil ing Bui ld-up As per LAB Design Construction System 

Windows • Kneer Südfenster HF68 Pine Timber Windows 

• Average window U Value = 1.57 W/m2K 

Mechanical Heat Recovery 

Ventilation 

Brink Renovent Excellent 300 (Plus) 

Shading All  building shading elements modelled.   

Surrounding buildings model led.  

Terrain Modelled. 

Mechanical Cooling / Heating Fujitsu ARTG12 3.5kW Bulkhead Split System 
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Night Purge (Opening 

windows at night) 

Minimal Modelled to be consistent with a secure building situation  

DHW Rheem 315L Electrical Hot Water 

Electricity Sufficient buffer in PE demand for greater than standard domestic 

electrical load. Where possible actual installed appliances modelled 

PV – 20 Panels  

Table 4 - PHPP Key Points 

40. The PHPP verification is shown below for the as built state for the Toowoomba Passive House pilot 

project.  The standard wall has been shown as defined during the design and planning phase with the 

maximum ACH n50=0.6 allowed for Passive House certif ication used. An objective of the pilot project 

was to exercise the modular nature of the system by including the addit ional batten. Optimisation via 

PHPP showed that the wall  insulation could be reduced to 90mm for the Toowoomba cl imate whilst 

maintaining Passive House certi fication criteria which demonstrates the flexibil ity of the system. 

 

    As Built 
135mm 

Wall 

90mm 

Wall 

Space heating  Heating demand kWh/(m²a) 5 6 10 

  Heating load W/m² 9 11 14 

Space cooling  Cooling & dehum. demand kWh/(m²a) 14 14 14 

  Cooling load W/m² 16 16 17 

  Frequency of overheating (> 25 °C) % - - - 

  Frequency of excessively high humidity (> 12 

g/kg) 
% 4 4 4 

Airtightness  Pressurization test result n50 1/h 0.11 0.6 0.6 

Non-renewable 

Primary Energy 

(PE) 

PE demand kWh/(m²a) 100 102 112 

Primary Energy 

Renewable (PER) 

 PER demand kWh/(m²a) 49 50 56 

  

kWh/(m²a) 88 88 88 

Table 5 - Verification results 

41. The results  (particularly the blower door test result) shown in Table 5 demonstrate that it  is  poss ible 

to bui ld a Pass ive House in Austral ia using the LAB Design Construction System with a  builder who has 

a good level of attention to detail  but no experience with Passive House. 

‘OPEN ARCHITECTURE’PASSIVE HOUSE CONSTRUCTION SYSTEM (PHPP QUALITY DATA) 

42. The LAB design Construction System seeks to address the challenge faced by designers and builders in 

Austral ia by providing a basic bui lding block, design manual and associated tools with which to build 

Passive House in Austral ia.   

43. The initial system has been virtual prototyped;  
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a. In five locations 

b. Two External Wraps 

c.  Two Insulation Options 

d. A certif ied window and door integration with associated installation data.  

44. It is  widely acknowledged that the PHI  cert if ied component system represents the highest standard with 

criteria that have been set deliberately , however,  it must be at the foremost of each professional with 

the Pass ive House community is  the that goal is to produce buildings where the health and comfort are 

the focus and the durabil i ty of the components is  not compromised; including certif ied components can 

make the job easier but it is  not the only way. The classic analogy of a team of champions does not 

make a champion team applies equal ly with Passive House, therefore it is  necessary to provide PHPP 

quality data for components and junctions that are outside str ict  criteria  of PHI Component 

Certification, particularly in emerging Passive House markets such as Australia, but sti l l help make up a  

certi fiable Passive House with either better performance or lower cost.  

45. The extension of the basic building block is the ‘Open Architecture’ nature of the system which allows 

for other components,  junctions, wall, roof & floor systems to be added or substituted once the PHPP 

data has been produced, provided that the hygiene criterion and durabi lity of materials is maintained.   

46. An example of a junction that could be used if the overall  PHPP has sufficient room in the energy balance 

is the un-insulated slab on ground, which works quite well in many areas of the Warm Climate data set 

where the average ground temperature is in the vicinity of 20°C which has little effect on the heating 

demand but had significant positive effect on the cooling demand due to the thermal mass in contact 

with the ground. This  junction currently  cannot be part of a cert if ied construction system due to the U-

Value criteria set by PHI and represents a challenge for NCC Bui lding Certifiers in terms of termite 

detai ling. This junction is  typically designed from first principles on nearly every project. The following 

is a detail which meets the hygiene and durabil ity requirements for Sydney but with an energy thermal 

bridge of 0.672 W/mK which must be included in PHPP.  
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Figure 11 - Sydney Slab Detail 

47. The termite detail ing has been assured by the inspection gap in addit ion to the use of smart fi lm. 

 

Figure 12 - Sydney Slab Detail Frsi 
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48. Figure 12 shows the F r s i  of the junction is in-excess  of the minimum 0.55 and the minimum temperature 

calculated using the external temperature derived from Bureau of Met winter lows is above the critical  

12.6°C which is the general cut-off for the environment for mould formation.  

49. The roadmap for the ‘Open Architecture’ Passive House construction system is to build upon the basic  

building block of the LAB Design Construction System detailed in this paper in several ways;  

a. Further Optimisation of the envelope for specific cl imates within the warm data set 

b. Expansion to the warm-temperate zone 

c.  Inclusion of the Internal Membrane 

d. Non-PHI Certified Junctions and models to be avai lable for the community 

e. Members to upload junctions and instal lation details either modelled or to be modelled and 

then made available for the PH community . 
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CONCLUSION 

50. Whilst there are bespoke systems available,  the application of an exist ing building system rigorously 

virtually prototyped through the PHI certi fication process, can expedite the increase of Passive House 

in Australia and turns the possibil ity of Passive House into a choice that just makes sense. 
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DISCLAIMER 

51. This paper is  the copyright of LAB Design and is l icenced to the Australian Passive House Association 

for their use.  

52. Energy performance of buildings is a developing building science. As such, the amount of physical ly  

measured materia l data can be quite limited, as  is  measured cl imate data. Energy performance of 

buildings is  largely  quantitative assessment, however, relies upon historical cl imate data or predicted 

data which introduces an element of uncertainty. All  efforts are made to l imit the uncertainty; however, 

no warranty is given regarding the accuracy of the simulation results.  

53. All information should be used with care. No liabil ity will be accepted by the author in the event of 

damage occurring from the use of this information either directly or indirectly.  
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