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The Fern - 7 Wyndham Street, Alexandria 
 

We chose to make the Fern Passivhaus because it’s the most rigorous, comprehensive 

method of green building, with predictably high levels of comfort and efficiency. As it is the 

first apartment building of its kind in Australia, we have faced many challenges, and found 

innovative solutions. We hope others will benefit from the pioneering work we’ve put in to 

make this building an exemplar of sustainable design.  

Passive House (Passivhaus) Principles 

Passivhaus is a scientific approach to building that focuses on five key strategies to reduce 

energy consumption and improve internal environment quality:  

• eliminating thermal bridges 
• airtightness  
• high performance glazing 
• good insulation, and 
• heat recovery ventilation. 

 

It’s a common-sense approach that we can really get behind - because it works. Here’s how 

Australia’s first Passive House apartments fulfil these principles.  

Eliminating Thermal Bridges 
One of the Fern’s most important innovations was to design and build Sydney’s first 

structural thermal breaks, to eliminate thermal bridges. What does that mean?  

When structural elements like walls and floors continue from inside to outside, they 

become conduits for heat flow outside in winter, and inside in summer. For example, the 

concrete balconies found on most apartment buildings work like cooling fins on an electric 

motor or computer processor. In winter, that cold balcony is sucking the heat out of the 

apartment under the balcony doors, making your floor feel cold underfoot, and chilling the 

entire space. In summer, that hot Sydney sun heats up the balcony and travels in through 

the floor slab to roast you in your living room.  
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We’ve broken these thermal bridges in all walls and floors with insulation barriers 

penetrated only by hardened steel pins which are strong enough to carry structural loads, 

but small enough that hardly any heat passes through them. Typically, these are 

commercially available in Europe, but are oversized (refer to figure 1), and also cost 

prohibitive in Sydney’s benign climate – so we decided to innovate. We invented a new 

design at approximately a third of the price, and used them as thermal breaks in our 

concrete walls and slabs. This was achieved by simply using hardened stainless steel 

acoustic shear dowels at 900mm centres, with 30mm XPS foam insulation separation, 

stiffened with fibre cement sheets (See figures 2 & 3 over the page).  

 

 

 

 

 

 

Figure 1: A commercially-available European thermal break system 
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Figure 2 (left): Section Detail of The Fern’s structural thermal break 

Figure 3 (right): The Fern’s innovative thermal break system as built. 

 

Another of our innovations was very site specific; being in amongst the hustle and bustle of 

the city comes with its obvious advantages. However, The Fern sits very close to a railway 

alignment, which comes with unavoidable vibration and noise. Our pioneering solution, 

shown in figure 4 below, helped us to achieve vibration isolation requirements, while also 

avoiding losing useable space with large concrete column heads that would have been the 

typical solution. Instead, we used a system of steel channels and trays to form socket 

joints. These incorporated high-density rubber pads and insulation, to support five stories 
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of concrete structure, as well as providing a thermal break between the building and the 

foundations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file://///sasydsbs01/instruments/TRS-Resources/TRS-Business/LOGO%20Graphics%20-%20DO%20NOT%20MOVE/SA/Logo%20Graphic/100712%20SA%20LogoGraphic-CMYK%20Low%20Opacity.jpg
file://///sasydsbs01/instruments/TRS-Resources/TRS-Business/LOGO%20Graphics%20-%20DO%20NOT%20MOVE/SA%20Architecture%20Construction/Logo%20Graphic%20&%20Type%20-%201/._SA-LogoGraphic&Type-1-CMYK.jpg


 
 

6 

 
 

 

Figure 4: Detail drawing of The Fern’s vibration isolation detail, and the THERM computer modelling testing its 

effectiveness. This was done for all critical junctions in the building.  

Air Tightness 
Australia’s homes seem to have a problem with air tightness. A study by CSIRO has found 

that an average home in Sydney has an air infiltration rate of 20.8 air changes per hour 

when tested at a pressure of 50 pascals (20.8 ACH@50Pa).1 The authors say houses 

achieving these air infiltration rates rates are “poorly sealed and have higher levels of air 

leakage than would be expected of newly constructed houses.”2 

 

One of the real keys to the effectiveness of Passivhaus design are the stringent air tightness 

requirements. During construction, we undertook thorough testing using blower doors (see 

 
1 Ambrose M.D. and Syme M. (2015). House Energy Efficiency Inspections Project – Final 

Report. CSIRO, Australia (p.25).  

2 Ibid. 
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figure 5), allowing us to find and fix any leaks, and ensure that the interiors were properly 

sealed. This way, we know that all the efforts we’ve made to create a comfortable interior 

environment won’t leak outside. As a result, The Fern’s infiltration rate is below 0.6 

ACH@50Pa for each and every apartment.  

 

 

                                  

 

Figure 5: Blower door used for airtightness testing at The Fern.  

 

Some of the benefits of an airtight building envelope include: 

• improved thermal comfort; a highly efficient building envelope reduces the energy 

required to maintain a comfortable temperature, and is more likely to remain at 

that temperature for longer periods of time with minimal intervention 

• eliminating draughts; similar to above, air speed inside the building will remain low 

and provide an improved internal environment quality (IEQ), with health benefits 

for occupants 

• reduced noise; an improved physical separation from outdoor noise improves 

physical and mental health and wellbeing for occupants 

• reduced dust and pollutants; an airtight building skin allows superior control over 

ventilation, so that dust, particulate matter and allergens are prevented from 
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infiltrating the building, and the majority of fresh air circulating the interiors can be 

filtered, and healthier. 

• Pest exclusion; a superior physical separation between indoors and outdoors 

prevents insects and other pests from easily entering cavities, gaps, and other 

connections between building elements, providing peace of mind. 

•  

Doors, Windows & Shading 
Another Sydney first for the Fern is Triple Glazing. That’s right, 3 panes of glass separated 

with sealed, argon-filled gaps. This keeps the inside cosy in winter, and the double Low-

Emissivity coating keeps the sun’s heat out in summer. Door and window frames are solid 

timber with aluminium exterior cladding to give the thermal resistance and tactility of 

timber inside, with the durability of aluminium outside.   

European style lift-and-slide doors, and tilt-and-turn windows provide excellent air sealing 

and acoustic barriers. 
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Figure 6: This 200kg Triple-glazed panel is easy to roll because of the German Lift & Slide Hardware. 

 

The Lift-and-Slide door system is particularly important in maintaining the inside-outside 

spatial flow that people love, whilst achieving airtightness. The retractable rollers are 

spared from bearing the 200kg door panel weight except when the door is lifted off the 

seals onto the rollers. The doors also feature extra custom seals to maximise air tightness.  

 

Adjustable horizontal blade blinds on the exterior of The Fern are equipped with timers and 

light sensors, to ensure that the glazing is further protected from morning and afternoon 

heat when you don’t want it in summer, but lets the warming sunlight through during 

winter. 

 

All glazed doors and windows at The Fern have U-Values of 1.38, and Solar Heat Gain 

Coefficient (SHGC) of 0.33.3 To put that into perspective, NatHERS compliance levels are U-

Value 6.7, and SHGC 0.7, making The Fern approximately five times more energy efficient 

than every other apartment in Sydney that are built to NatHERS compliance. 

 
3 Refer NatHERS compliance certificate provided.  
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Heat Recovery Ventilation (HRV)  
A typical apartment in Sydney offers two methods of ventilating a space. If it’s a nice day 

out, you could throw open your windows and let a breeze through; but we now know that 

the ‘fresh’ outdoor air isn’t as friendly or healthy as it once seemed. Your other option is to 

crank up the air-con; which is fantastic, until you realise that the air you’ve cooled is leaking 

straight out the cracks in your building, driving up your energy bill, and creating a whole lot 

of noise and hot air just outside your window. 
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Figure 7: The HRV system at the fern provides an energy efficient method  

of temperature control for fresh outdoor air.  

 

A typical apartment at The Fern provides the ‘Goldilocks’ solution, by providing fresh, 

filtered air from outside, at a comfortable temperature, and at a fraction of the energy 

consumed by your average air-con unit. It works together with the airtight building 

envelope to provide superior control over the internal air quality. Unlike air-conditioning, 

HRV works by transferring heat from one element to another, through the all-important 

heat exchanger. This is where inlet air and exhaust air of different temperatures flow past 

one another, to exchange temperatures, without mixing. For example, in summer, when 

the scorching hot fresh air from outside reaches the HRV system, the latent heat is 

removed and absorbed by the cooler exhaust air coming from inside the apartments. Once 

they’ve passed through the heat exchanger, the air temperatures have swapped, and now 

that outdoor air has cooled down substantially! It’s a neat trick that consumes minimum 

power for maximum result. 

 

There is one catch, though: as the NCC is geared towards standard bathroom extraction 

fans, which operate for 3 minutes on an automated timer, the flow rate required is 20L per 

second. Conversely, the HRV system at The Fern operates all day, every day, with a slightly 

lower flow rate than specified in the NCC. We considered having to install a separate 

mechanical ventilation system simply to comply with NCC to be redundant, so together 

with the Australian Passive House Association, we sponsored Computational Fluid 

Dynamics (CFD) modelling for a performance solution. The results of the modelling 

revealed that the system is vastly superior to the NCC standard, proving to be a far 

healthier solution (see the diagram in figure 8 below), and is a hugely positive outcome for 

energy efficient building design. Now that we’ve done the hard work, this performance 

solution is now available for use by all builders and developers!  
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Figure 8: Results of Computational Fluid Dynamics modelling for NCC performance solution 

. 

Other significant details of the HRV system include the constrained locations of the supply 

and exhaust vents, especially in the front apartments. The North and South façades were 

unable to be used as they are fire-rated walls, and cannot include any punctuations or 

openings; while the front (east) façade presented an acoustic problem. The front 

apartments’ HRV supply and exhaust vents are all located on the rear walls, freeing the 

front face of The Fern.  

To avoid compromising the wonderful architectural quality of the high ceilings internally, 

flat ducting was used, minimising the service space required within the ceilings. This is how 

we have avoided adding low bulkheads, which most developers wouldn’t have questioned.  

 

Other than providing hygienic air, the HRV system also provides some serious health 

benefits as it filters the air, removing dust, pollution, allergens and any other micro 

particles from the outdoor air. This is incredibly important at the Fern, being an urban site 

close to traffic pollution. One study has found a correlation between living within 100m of 

file://///sasydsbs01/instruments/TRS-Resources/TRS-Business/LOGO%20Graphics%20-%20DO%20NOT%20MOVE/SA/Logo%20Graphic/100712%20SA%20LogoGraphic-CMYK%20Low%20Opacity.jpg
file://///sasydsbs01/instruments/TRS-Resources/TRS-Business/LOGO%20Graphics%20-%20DO%20NOT%20MOVE/SA%20Architecture%20Construction/Logo%20Graphic%20&%20Type%20-%201/._SA-LogoGraphic&Type-1-CMYK.jpg


 
 

14 

a main road and increased occurrence of cardiovascular health risks.4 HRV is a true life-

saver! 

Insulation 

Insulation at The Fern is roughly double the insulation level typically used in Sydney 

apartments, and is installed as a continuous barrier rather than between structural 

elements. This eliminates thermal bridges and acts as a blanket to cocoon the living spaces.  

The roof is R7.0, walls R3.5, and floors R1.5. 

The majority of the insulation is located externally, inside custom-made Structural 

Insulated Panels (SIPs) that use tongue-and-groove joints to create a continuous insulation 

barrier. This includes inside the roof panels, beneath the box gutter, continued into the 

wall cladding, and had to be worked around each of the structural thermal breaks. Even the 

penetrations for the services were protected, but there are a few locations where thermal 

bridges couldn’t be avoided – see figure 9 over the page, where you will see The Fern’s two 

separated thermal envelopes with indications of thermal bridging locations.  

Figure 9: Plan view of the two insulated envelopes at The Fern 

 

All the careful detailing and planning of our thermal envelopes has meant that all of our 

thermal mass, in the form of concrete, is on the interior. This not only allows our beautiful 

exposed off-form concrete walls to shine, but we also anticipate that this will improve the 

thermal performance of the building – despite the fact that the Passivhaus Association 

doesn’t recommend using thermal mass – by maintaining a protected core temperature. 

On the whole, these efforts have resulted in a huge benefit to thermal comfort and 

 
4 Hoffmann et al., 2007. Residential Exposure to Traffic Is Associated With Coronary 

Atherosclerosis. Circulation, 116(5). Pp.489-496. DOI: 

10.1161/CIRCULATIONAHA.107.693622 
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efficiency, leading to energy efficiency and reduced reliance on fossil fuels. Talk about 

hard-working! 

      

Materials  
  

At the beginning of the project, we knew that refurbishing the existing dilapidated building 

wasn’t a viable option - but we also didn’t want to add more of a burden to landfills. The 

construction industry worldwide contributes approximately 40% of the waste in landfill! 

We knew we could do better than that. The construction of The Fern involved reusing 

materials where we could, sending waste to recycling, using recycled materials where 

possible, reducing the amount of new materials sourced, and where new materials have 

been used, they are durable and hard-wearing to avoid frequent replacement. 

Material Re-use & Recycling 
To reduce our contributions to landfill, we tried a few different things: first, we invited a 

team of salvagers to come through to take what they could for re-use before demolition; 

then, during the demolition process, roof sheeting and some of the timber was re-used at 

the recycling yard, or sent to scrap where possible.       

 

Throughout construction, our waste streams were separated and delivered to a waste 

transfer station as concrete, clean fill, steel, cardboard, and general waste. The transfer 

station doesn’t recycle polystyrene, so rather than tip it as general waste, we stockpiled it 

and took it to AGM recycling in Lidcombe, who specialise in polystyrene recycling. 

We also managed to re-use the steel whaling beams from the excavation phase as lintels 

above sliding doors on the top floor, as well as some sandstone blocks from one of our 

other projects, which have been used in the landscaping of the ground floor courtyards.  

 

Planter boxes on the balconies are made from recycled PVC industrial manufacturing 

offcuts from a local small business, which would otherwise go to landfill.  

Concrete 

Concrete has a large amount of embodied energy (energy required to produce a material) 

causing high environmental impact. We’ve reduced this impact by using exclusively 3-point 

Green Star concrete in which 40% of the cement and 40% of the aggregate is replaced with 

industrial waste products such as fly ash and blast furnace slag.  
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Our distinctive off-form concrete walls were built with reusable modular steel formwork 

(figure 10), instead of permanent PVC or fibre cement formwork which are lost in first use, 

wasting large amounts of material.  
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Figure 10: The Fern’s exposed concrete walls under construction, using modular steel formwork 

 

 
 

Figure 11: The kitchens at The Fern feature Carrara marble benchtops and alcoves. 
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Interior Finishes 

Low VOC paints and finishes are used throughout interiors to ensure a healthy 

environment free of toxic off-gassing associated with many conventional finishes. The smell 

of oil paints and varnishes is actually poisonous and impacts those with sensitivities and 

allergies.  

The concrete feature walls are finished with a natural Carnauba wax internally for a deep, 

natural glow that varies with the light throughout the day.  

Timber joinery is oiled with natural Tung Oil that won’t scratch like conventional joinery 

finishes, and it’s soft sheen is easily maintained.  

Carrara marble is a feature throughout our kitchens and bathrooms, for a durable, natural 

finish on benchtops and wall tiles. Natural interior finishes continue to the floors, which are 

FSC certified oak floating herringbone parquetry. Ironbark timber feature ceilings and 

linings, selected in a rustic grade, ensured the entire tree is used, and added a character-

filled look that fits with the charm of The Fern. 

Cladding and External Finishes 
The distinctive exterior cladding of The Fern is corrugated Magnesium Oxide board 

cladding. The material forms a chemical physical reaction with atmospheric carbon dioxide 

during curing, cleaning the air. It is also a highly durable material, and is finished with 

mineral paint, that will never require a further coat – it will simply age and weather 

beautifully, meaning the exterior will be maintenance-free throughout its lifetime.  
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Figure 12: The Fern’s exterior cladding captures carbon dioxide, and will never require re-painting. 

 

Landscaping & Planting 
Wherever possible, planting has been included to enhance the wellbeing of occupants. This 

includes our ‘green wall’ that greets you upon entry, as well as the courtyards and 

balconies. The effects of biophilia, as well as physical effects of plants on building 

occupants have been well-documented for decades, with studies reporting decreased 

blood pressure and heart rate, and positive effects on mental health. These are all in 

addition to the better-known benefits of including planting in and around buildings, such as 

fresh air and water filtration; these benefits all combine to add to the increased sense of 

wellbeing that comes with The Fern being designed as an urban oasis.  

The selected waterproofing membranes applied in these locations will last 30 years, and 

will help to avoid disturbing established plants, which would normally need to occur if 

using a liquid membrane that typically lasts 5-10 years.  

A 5000L rainwater tank below ground feeds the irrigation of all landscaping at the Fern. 

Water used in the ground floor courtyards gets filtered through the gardens and is then 

recycled back down to the rainwater tank.  
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Figures 13 & 14: Our multi-story green wall coming to life. 

 

Services 
Sydney’s infrastructure is facing a huge demand problem – the city’s population is set to 

double in the next 30 years, and infrastructure spending and planning is not matching 

these forecasts.5 

Services at The Fern have been designed to be efficient and resilient, with a focus on solar 

electricity generation. Our smart microgrid was an innovation that will allow residents to 

be self-sufficient in electricity, but also have the flexibility to connect back to the larger grid 

if required.  

 

 
5 Knight, B., 2018, ‘”We’ve done an abysmal job”: Australia is struggling to handle its 

swelling population’, ABC News, 14 March. https://www.abc.net.au/news/2018-03-

12/australia-is-struggling-to-handle-its-swelling-population/9535116 
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Solar Electricity Generation 
Energy demand for the building was carefully modelled at an early stage to ensure that all 

electricity used at The Fern can be supplied by solar power. Figure 15 shows a part of this 

modelling, in which we created out own spreadsheet system to model the predicted power 

demand. In order for us to achieve complete accuracy, we forecasted power demand for 

thirty minute increments over 24 hours for each apartment, over various days of the week, 

across all seasons. The electricity demand data we input was based on each selected 

appliance’s energy usage data, and included all kitchen appliances, air conditioning, 

transportable appliances, lighting, common systems such as hot water, and even the lift.  

 

 

 

 

Figure 15: Electricity demand modelling in our spreadsheet system 

 

The extra effort was worth it - results showed that a 25kW solar array accommodates the 

needs of all eleven apartments and common areas. Thanks to the fabric-first approach of 

Passivhaus design, The Fern’s heating and cooling loads, and therefore electricity 

consumption, has been greatly reduced, enabling us to build a carbon-neutral apartment 

building.  

 

Smart Microgrid 
The quiet achiever at The Fern is the microgrid. This innovation has a few benefits: 

• monitoring of individual apartments’ electricity consumption, for separate billing 

via connected software 

• monitoring of solar power generation 
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• flexibility to connect to the city’s electricity grid, or to function independently in an 

‘island’ mode 

• independence from the city’s larger grid reduces the burden on the city’s electricity 

infrastructure, and increases Sydney’s resilience to changes such as population 

growth.  

 

The microgrid functions via a switchboard comprising 6 SATEC EM133 three-phase smart 

meters,(figure 16) which service all twelve apartments, the lift, and common services. 

Extensive research and development was undertaken in implementing a small-scale grid in 

a cost-effective way, and we hope that our foray into the unknown will enable others to 

follow.  

 

 

 

 

 

 

Figure 16: SATEC EM133 smart meter. 

 

 

 

 

 

 

 

 

 

 
 

Figure 17: All 6 smart meters installed at The Fern. 
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Energy Efficient Systems 
Reducing energy consumption at The Fern is assisted by the incorporation of energy 

efficient systems and appliances. By being smart about the design of these systems, we’ve 

managed to reduce the sizing of fixtures such as air conditioning and hot water boosters.  

Air conditioning has been included at The Fern as a supplement - for those few days in the 

year where Sydney becomes unbearable (and is set to become worse in future). 

Recommended sizing was for a 8kW unit in each apartment (see figure 20), but the 

extensive, site-specific Passivhaus modelling (figure 18), combined with our own testing, 

shows we can get away with a 2 kW system! We selected the Mitsubishi Avanti Plus model, 

which is the most energy efficient model available, and has been rated 7 stars, shown in 

figure 19.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Passive House modelling using Sketchup designPH, with our site mirrored across the equator, as the 

software is designed for Northern Hemisphere conditions.   
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Figure 19: Mitsubishi Avanti Plus 2kW Air Conditioner Energy Efficiency rating 

 

The higher the Energy Efficiency Rating (EER) and Coefficient of Performance (COP), the 

more energy efficient; this particular model’s ratings are 6.45 and 5.74, respectively.  

Additionally, the Aerotron fans with aerodynamic blades to optimise air movement with 

the least voltage, and LED light fittings throughout further optimise energy consumption. 

Even the ovens have an ‘eco’ cooking setting.  

 

 

Figure 20: Typical Air Conditioning sizing guide. 

Plumbing 
All plumbing fixtures throughout are WELS 4-star rated for water efficiency. We have 

avoided using chrome plumbing fittings and fixtures by selecting stainless steel products. 
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This is because the process of chroming metals contributes to heavy metal pollution. An 

added benefit is that the stainless steel elements can be more easily recycled at the end of 

their lifetime. 

 

Our centralised solar heat pump hot water system uses three 300L German Steibel Eltron 

systems that use 500W each. Solar hot water systems are uncommon for apartment 

buildings in Sydney, as these are typically serviced by instantaneous gas hot water. The 

Fern’s use of solar hot water means that gas is not required to be connected to the 

building, and the use of fossil fuels for energy is avoided.  

 

A 1.6kW hot water booster maintains the temperature of 12L of hot water in the 

recirculation systems, which then draws off into each individual apartment. This is about 4 

times smaller than the size originally recommended by our supplier, due to the clever 

design of the system for energy efficiency. Refer to figure 21 for a diagram of the hot water 

system. A smart pulse meter accurately measures the exact amount of hot water used by 

each apartment, and can also monitor for leaks, reducing water wastage and assisting 

building maintenance and repair over the long term.  
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Figure 21: The Fern Hot Water System Diagram 

      

 

Throughout the design and construction of The Fern, we’ve made sure to lead by example, 

and show that reducing environmental impact doesn’t have to spell the end of beautiful, 

financially viable apartments. Integration of our Passive House principles, solar energy 

production, as well as innovations like the embedded micro-grid, and use of the modular 

steel formwork during construction have been central to the core idea of The Fern as an 

urban oasis. More than just the sum of its parts, however, The Fern is one-of-a-kind in 

Australia, and spells the beginning of a trend of truly elevated, sustainable urban living. 
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