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The most important discoveries were that most of the techniques for creating a high performance house 

cost little more than standard building practices. There are lots of small things in a building that when 

done a bit differently add up to make a big difference in comfort and energy use. 

1. Get involved in the design and construction process. We were unable to find any off the shelf 

options that perform as well as our simple house without going to very expensive options. Our 

place cost $1480m2, similar performance and level of finish from prefabs or specialised builders 

costs over $3000m2. 

2. Use simple, standard, readily available quickly erected materials assembled in the form of a 

shallow cave facing the sun. 

3. Make your house as small as is practical 

4. Locate storage along the south wall to act as extra insulation 

5. Select a site with full day solar access 

6. Build a simple rectangle on an east west axis 

7. Put most of your glazing on the north façade 

8. Have no west glazing 

9. Face entrance away from prevailing wind 

10. Build on a slab and have no fixed floor coverings 

11. Try to avoid using sliding windows or exterior sliding doors 

12. Don’t use down lights 

13. Seal the house well 

BUNDANOON  NET  ZERO  COTTAGE 

Constructed Nov 2012– April 2013  Southern Highlands NSW Australia 

Climate Zone 7    Cool Temperate 

Owners / Designers Glenn & Lee Robinson 

We did not fancy writing the letter in the cartoon so we did 

a bit of homework and found out that it is surprisingly 

simple and economical to build a house that is neutral in its 

operational carbon footprint. Following are the details of 

what we learnt, how the information was turned into a 

building and how it has performed now that we have lived 

in it for 12 months. Hope you find it as interesting as we 

have. 
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14. Use pale exterior colours, (especially roof) 

15. Arrange eaves to shade glazing in summer 

16. Use zoned building design, cluster living areas to heated zone and enable thermal isolation 

from entry and sleeping zones 

17. Keep to one level if possible, hard to create even temperatures otherwise 

18. Get winter sun into every habitable room all day 

19. Keep ceilings as low as is legally allowed (so heat is kept where the bodies are) 

20. Design in 600mm modules to minimise waste 

 

Things that are cost neutral  (extra cost pays for itself over time) 

1. Insulate to suit climate zone. Allows you to buy smaller heating equipment and use it less often 

2. Use high performance windows to address the greatest area of heat loss. Standard aluminium 

sliders for our house would have cost $8k, we chose to pay $19k for good quality units to save 

energy , improve comfort and resale value. Canberra now has energy ratings on house sale 

contracts and it will come to NSW impacting property values. 

3. Use LED lighting. Watch out there is a lot of rubbish on the market. 

4. Use solar powered water heating and electricity generation. 

 

THE PROJECT 

GOAL 

To minimize dependence on energy from unsustainable sources and create a comfortable, 

affordable home suitable for occupancy through all stages of life. 

DESIGN PROCESS 

We began by making a list of what did and didn’t work in all the buildings we were familiar with, 

listing the features we would like to incorporate  and setting our performance standard at net zero 

carbon emissions and a budget of $250k for the complete project including house, garage and all 

landscaping. 

We looked at the options available with local builders, project home companies, prefabs and kit 

homes but found nothing that came near our specification. A few prefab companies in Victoria 

could meet our performance spec but when freight costs were worked out the prices were 

excessive. The one project home available was a “Net Zero” design by Clarendon Homes which fell 

way short in the performance stakes. The options were disappointing but in a country with the 

worlds highest per capita carbon emissions not surprising. By default we were left with the only 

viable option being owner building which has ended up working out well. Started out by looking at 

the history of efficient buildings and what techniques have stood the test of time and what ideas 

have not held up.  
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Really wanted to see if we could avoid over complication in the design so we researched low tech 

ideas that are proven to work. 

Found a lot of good ideas in the layouts of “Earthship” buildings. Excellent room arrangements for 

maximum sun penetration, the rest of their design principles are a bit silly as they require huge 

amounts of labour to construct and often overheat and leak. 

An excellent resource is a website called “Build it Solar” where we found the Montague Urban 

Homestead winner of the Massachusetts Zero Energy Challenge. Looked far and wide at hundreds 

of designs and this is the most elegantly simple, high performance, economical design found. We 

used this as the basis of our design just detuned it to match our climate and re arranged the layout 

to suit our needs. 

 

 

 

Montague Urban Homestead 

A big thank you to  

Doug Stephens, Tina Clarke and 

Bick Corsa 

Creators of this inspiring building 

that resets the standard in high 

performance building design by 

proving it need not be an expensive 

or complex exercise. 

1975 work covers 

the basic principals 

in detail 

By Sarah Susanka 

Makes an excellent 

case for quality over 

quantity 

1983 publication is 

interesting for the 

bold ideas that were 

trialed 

By Shay Solomon 

A thoughtful look at how 

much space is actually 

needed 
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THE  BUILDING 

 

A single storey detached dwelling of 108m2 with 2 bedrooms and 1 bathroom with separate toilet. 

There is an adjacent carport/storeroom of 60m2. Structures have been arranged to allow future 

addition of a 60m2 studio/granny flat on the 900m2 property. 

Building Envelope 

Roof 

25 deg pitched gable roof. R1.5 anticon blanket under metal roofing, R3.5 batts on ceiling. Trussed 

gable roof selected as the optimum roof form as it uses minimal resources (no heavy beams), 

provides a dead air space to aid insulation, provides a service access for the length of the building, 

gives a north slope to mount solar collectors, gives a south slope to stream cold  southerlies over 

the building. Does not suffer the moisture problems that are common with skillion roofs and 

allows easy long term maintenance of ceiling insulation. Eave overhang means we are not totally 

reliant on only window flashings to shed water.  

25 deg pitch used as it gives the highest annual output from the photovoltaic array, drains well but 

is not to steep to walk around on and needs no raised brackets for solar collectors. The colour is 

colorbond “Shale Grey” which is the lightest colour we were permitted to use in seeking maximum 

heat reflection. Barges and guttering are all colorbond coated to minimize maintenance. 

 

Walls 

90mm stud walling with studs at 600mm centers. Tried to minimize the number of studs as at each 

stud location the insulation level drops to R0.5. Investigated using the American advanced stud 

walling technique to further reduce the number of studs but framing companies are unfamiliar 

with the system and it would have added 60% to the frame price. R2 batts used with reflective 

breathable sarking and Hardieplank weatherboards.  
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Looked at many walling systems and none could compare when evaluating installation speed, cost 

and durability. Timber weatherboards require preservative and paint applied to every cut (time 

consuming) and they are expensive plus they burn, Mud brick is slow, hard work and poor 

insulation, ditto stone. Straw bale is labour intensive and the thick walls limit light penetration so 

you need bigger windows, can’t see the need for R8 walls as most heat loss is through roof and 

windows and you are using a huge amount of extra roof and floor materials just to house the 

overly thick walls.  

Brick veneer needs extra footings to hold up the heavy energy intensive walls and they only really 

serve the same purpose as a coat of paint. Reverse brick veneer was considered but the energy 

involved in adding vertical thermal mass could not be justified for the small increase in thermal 

stability it would provide. Looked at structural insulated panels but planning the services got very 

complicated and the panels would be hard to match if future modification of the building was 

required. The cellulose fibre and cement boards we used are only $13.60 per 4.2m length, are easy 

to cut with a hand guillotine and don’t rot or burn. Working with an experienced carpenter they go 

up really fast. 

                         

 

Windows and Doors 

Stegbar Siteline, Auralast non toxic treated pine frames with an exterior colorbond coated 

aluminium skin. Opening windows are double gasketted . Glazing is 2 layers of 4mm glass with a 

12mm argon charged gap. Low e coating is applied to the exterior face of the inside pane. Specs 

are U < 2.5 SHGC > 0.5. All windows are casement opening, no sliding or double hung units used as 

they do not seal well as they age. North window area kept under 20% of floor area to prevent 

overheating and reduce night heat loss. Small open able windows to the south for ventilation, no 

west glazing and a small amount of fixed glass to the east. 

No clerestory windows or skylights employed as night heat loss of these elements exceeds 

daytime gain. 

Window frames are painted a pale colour to maximize the light reflected into the room. Insulated 

at night with a double layer of curtains. Building design allows curtains to be drawn clear of 

windows during the day 
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Footings/Floor 

Concrete slab is a conventional raft structure 100m thick. No fixed internal floor coverings are 

used so internal air can couple with the thermal mass of the slab. As the slab is exposed 32MPa 

concrete was used for hardness and reinforcing mesh bars at 100mm ctrs are used to minimize 

cosmetic cracking. 50mm of foam insulation is fitted to the slab perimeter and protected by a 

metal flashing. This gives an R2 slab. Under slab insulation was investigated but deemed 

unnecessary in our climate zone provided the under slab area stays dry and can temperature 

stabilize. This seems to be working as the house is performing even better in its second winter and 

the only explanation we have is that as time has elapsed since construction the ground under the 

house is dryer and drawing less heat. 

                                                    

                                

                                                                                                                                                              



 7 

 

Systems 

1. All lighting is LED and no down lights are used to avoid interruptions to ceiling insulation. Many 

houses halve the effectiveness of ceiling insulation by the voids created around down lights. 

2. Manhole is insulated and gasketted. 

3. Maintenance walkway extends for the length of the roof space. Truss bracing was designed to 

accommodate this. 

4. All exhaust systems are shuttered so building is sealed when fans are off. 

5. Hot water system is a 22 tube evacuated glass tube collector plumbed to a 250L foam insulated 

tank centrally located between bathroom, kitchen and laundry. Avoided roof mounted tank as the 

greatest losses are between tank and outlets. Placed the tank indoors as close to outlets as 

possible. Tank has a mid level electric boost element so when we get a few overcast days in a row 

we only need to warm the top portion of the tank. Interestingly since we have built the “Beyond 

Zero Emissions” study on domestic water heating advises that over a 12 month cycle a heat pump 

water heater would use less power. 

                                         

 

6. Space heating is with a Daikin reverse cycle air conditioner RX535LVMA. Awesome bit of gear, 

heating coefficient of performance = 4.55. That means for only 0.88kW of electrical energy in we 

get 4kW of heat energy out. We located the condenser to catch the early morning sun and 

improve performance early in the day but as yet we have not needed it in the morning. Keeping 

the ceiling to minimum height has been a great contributor to efficiency as when we heat we 

don’t heat any air that we are not actually walking around in. Stuffing this up along with poor 

building sealing seems to be the most common thermal shortcomings of Australian buildings.  

7. Cooking is with an induction cook top, uses 40% less energy than a standard cook top. No toxic 

fumes like a gas cook top and heats up really fast. For oven cooking we generally use a microwave 

and finish off in a fan forced electric oven. 

8. Laundry and toilet flushing water is from a 10,000L above ground tank. Avoided the use of an 

automatic rain switch (to change over to town water when tanks empty) as they don’t seem that 
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reliable and we wanted to keep the house simple. We installed a manual mains water filler in case 

the tanks run low. 

9. Dishwasher and washing machine are water and energy efficient Asko units. 

10. Kitchen is located at the center of the house for best access and is of galley design to eliminate 

hard to access corner cupboards. We mostly wash up by hand unless doing a lot of cooking. 

11. All taps ,shower and toilet are 4 star efficiency 

                                

12. 2kW grid tied photovoltaic array installed.  Over 12 months this has exported almost twice the 

amount of power we have imported. Would be interested to know if this has been achieved 

elsewhere in a house with 2 occupants i.e. carbon neutral with <1 kW of PV panel per person 

                                                   

13. BBQ and lawnmower are both electrically powered. It is nice mowing with sun off the roof in 

preference to oil transported all the way from the Middle East, much quieter also. 

14.  Storage built along south wall to add insulation to the coldest face of the building. 

15. Site had a north slope so we sunk building into the ground to reduce wind exposure and provide a 

level entry to the north. We are also fortunate to have a neighbouring hedge giving extra 

protection to the south. 

16. Building wind rating raised from N1to N2 in anticipation of increased strong winds in the future. 

17. Non combustible exterior materials selected in anticipation of increased bush fires in the future. 

18. Low VOC paints used with the exception of the floor as we wanted a super durable finish. 
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19. House sized for a family with no more than one kid as this is the only family size sustainable in the 

immediate low carbon future. 

 

Thermal Performance  

 

As Built Costing 

Preliminaries $1,489 

Labour $14,545 

Excavation $5,485 

Concreting $7,500 

Frame supply $8,402 

Tile work $4,324 

Windows $19,400 

Roofing $10,973 
Lining, 
insulation $9,675 

Materials $18,450 

Plumbing $14,000 

Water heater $3,509 

Water pump $569 

Electrical $5,922 

Photovoltaics $4,185 
Air 
conditioning $1,975 

Miscellaneous $1,851 

Total $132,254 

Per m2 $1,225 
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No auxiliary heating 

used as weather was 

mostly clear. If you look 

closely you can see the 

temperature increase 

when we come home 

and start cooking. 

Adding a cost for my labour brings the house cost to around $160k or 

$1481/m2. Land cost $150k and is within walking distance of many of 

the things we do. 

The complete project costed after 12 months with garage ,fencing, 

driveway, gardens etc came to $198,600. Price would have been lower 

if we did not build so far away from services. Building was set back to 

make room for a future building closer to the street. 

Boo Boos 

If doing it again I would replace 4 of the opening windows on the north 

façade with fixed glass as they are not needed. Would use extruded 

rather than expanded foam as slab insulation as it is tougher and would 

install a 12mm synthetic thermal break on the outside of studwork as 

this is a cheap way to boost wall insulation. May change toilet sliding 

door to a hinged door in future for better acoustic isolation.  

 Wish list of changes needed so we can stop being the slackest western nation on earth 

1. Match England in requiring all new homes to be Net Zero by 2015. Fairly simple in our climate. 

2. Stronger regulations enforcing legal access to sunlight. Currently little to deter vegetative shading. 

3. Require 2 years energy bills attached to house sale contracts along with a stat. dec. confirming number 

of occupants. To include everything, electricity, town gas, firewood, BBQ propane, mower petrol etc so 

purchaser can see the true cost both monetary and environmental of living in that property. 

4. Town planning to facilitate a life not reliant fossil fuels. 
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An example of how to get it wrong 

This is an assessment of the only project home we found that comes close to a net zero design, 

beautiful looking home but extremely disappointing performance.  

 

                         North-> 

 

 

1. 3 west windows generate excessive heat gain. 

2. Excessive area to heat as hallway is not isolated from 

living area, no entry airlock. 

3. Active area (kitchen) is on warm side of building and 

passive area (dining) is on cold side of building, these 

should be reversed for comfort. 

4. Excessive wall area exposed to outside temperature 

caused by irregular building shape. More heat loss/gain 

than necessary for given internal volume. 

5. Inadequate north glazing, should be towards 20% of floor 

area. 

6. No north solar access to bedrooms.  

7. Hot water outlets too spread out causing excessive heat 

loss and delays in delivery of hot water. 

8. Polluting gas burnt for hot water boosting. 

9. Photovoltaic system way oversized to compensate for 

poor building design. 

10. Sliding and bi fold exterior doors used providing poor 

sealing as they age. 

11. Main bedroom entry directly off living area giving poor 

acoustic isolation. 

12. Alfresco area exposed to summer afternoon sun. 

13. South bathroom is cold and dark, if you put it on the north 

side towels and floor dry automatically. 

14. Winter afternoon sun can hit fridge door, a no no in solar 

design. 

15. Clothes line installed outside garage rear door gets no 

winter sun. 

16. Display home visited in Sydney needed 2 air conditioners 

to control temperature. 

17. Building specification did not nominate thermally isolated 

window frames which are essential. 

 

Thanks for reading 

Glenn & Lee 


