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ABSTRACT 

The building industry stands for as much as 40 % of the global energy use and 50 % of the 
greenhouse emissions. In a world that is more and more affected by climate changes and 
global warming, the building industry carries a big responsibility and has the power to make 
huge difference when aiming for a more sustainable development. 

The way to push buildings and houses as far as possible in the aim for a more environmental-
friendly and less energy using future, is to go for the passive design techniques. Passive 
design is almost what it sounds like, a house that passive use resources to gain heating, 
cooling, heating of water and create ventilation. It uses as little energy as possible due to 
high levels of insulation, right orientation, plan and zoning of the house, high thermal mass 
and advanced ventilation system. The passive design techniques are functioning in both a 
cold country, as Sweden, and a warm country, as Australia, because it helps the effect of 
both cooling and heating. In Australia the passive design concept has to be combined with a 
more opened-up design though, because of extreme weather conditions that do not occur in 
Sweden. This thesis is about comparing the two countries when it comes to perspectives 
such as economy, design solutions, materials, accessibility and opportunities for a private 
house builder and views of sustainable development.  

Calculations in a Life Cycle Costs analysis and a literature study of the different countries 
prerequisites lead to several different conclusions. The most interesting thing might be the 
economical perspective. It appears to be a lot more profitable in Sweden than in Australia to 
build a passive designed house. The extra investment cost to build a passive designed house 
is almost the same in the two countries; however the annual savings are much higher in 
Sweden than in Australia. This fact contributes to a Capital Value Quota, which describes 
how much the investment is regaining per staked investment dollar, of almost 29 in Sweden 
and just above 11 in Australia. The Payback times for the investment are estimated six years 
for Sweden and about 11.5 years for Australia.  

This might contribute to the fact that passive design is much more common and accessible in 
Sweden. Other differences are the level of insulation, construction technique and ingoing 
materials. This is mostly because natural differences in climate. But more general the 
attitudes against sustainable development seem to differ between the countries. Australia is 
today the country in the developed world that discharges the highest level of greenhouse 
gases per capita in the whole world, whilst Sweden is one of the counties that let out the 
lowest level.  

When Sweden has much more to save in energy use per house, Australia has more to save in 
a national perspective. Sustainable development is not compromising the ability of future 
generations to meet the present needs, and that is as important to both countries and a 
strong reason to commit to build passive designed houses, in Australia and in Sweden.
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SAMMANFATTNING 

Byggindustrin står för så mycket som 40 % av den globala energianvändningen och 50 % av 
växthusgasutsläppen. I en värld som blir mer och mer påverkad av klimatförändringar och 
global uppvärmning, har byggindustrin ett mycket stort ansvar och möjlighet att åstadkmma 
stora skillnader när en mer hållbar utveckling ställs i fokus. 

Tillvägagångssättet för att bygga byggnader och hus för en mer miljövänlig och mindre 
energi-slukande framtid, är att satsa på passiv design teknik. Ett passiv designat hus är 
ungefär vad det låter som, ett hus som passivt använder resurser för uppvärmning, kylning, 
varmvatten uppvärmning och för att skapa ventilation. Det använder så lite energi som 
möjligt till följd av höga nivåer av isolering, rätt orientering, plan och zon-indelning av huset, 
hög termisk massa och ett avancerat ventilationssystem. Passiv designtekniken fungerar 
både i ett kallt land, som Sverige, och i ett varmt land, som Australien, för tekniken både 
hjälper effekten av kylning och uppvärmning. I Australien måste passiv tekniken kombineras 
med en mer upp-öppnad design dock, till följd av de extrema väderförhållandena som inte 
finns i Sverige. Det här examensarbetet handlar om att jämföra de två länderna när det 
kommer till aspekter som ekonomi, designlösningar, material, tillgänglighet och möjligheter 
för den privata husbyggaren och synsättet på hållbar utveckling. 

Beräkningar gjorda i en livscykelanalys och en litteratur studie av de olika ländernas 
förutsättningar leder till flera olika slutsatser. Det kanske mest intressanta är det 
ekonomiska perspektivet. Det visar sig vara mycket mer lönsamt i Sverige än i Australien att 
bygga ett hållbart designat hus. Den extra investeringskostnaden för att bygga ett hållbart 
designat hus är ungefär samma i de två länderna, men de årliga besparingarna är mycket 
högre i Sverige. Detta faktum bidrar till att kapitalvärdeskvoten, vilken beskriver hur mycket 
en investering ger i avkastning per investerad krona, är nästan 29 i Sverige och just över 11 i 
Australien. Återbetalningstiden för investeringen är ungefär sex år för Sverige och ungefär 
11.5 år för Australien.  

Detta kan vara en av anledningarna till att passiv designade hus är mycket vanligare och mer 
tillgängligt i Sverige. Andra skillnader är mängden isolering, konstruktionsteknik och 
ingående material. Detta beror främst på naturliga skillnader i klimat. Men mer generellt 
verkar förhållandena till hållbar utveckling skilja mellan länderna. Australien är idag det land 
i av i-länderna i världen som släpper ut mest växthusgaser per capita, medans Sverige hör till 
de som släpper ut minst. 

Då Sverige har mycket mer att spara i energi per hus, har Australien mer att spara i ett 
nationellt perspektiv. Hållbar utveckling kompromissar inte framtida generationer för att 
möta nutida behov, och det är lika viktigt för båda länderna och en stark orsak till varför man 
ska bygga passiv-designade hus, i Australien som i Sverige. 
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DICTIONARY 

Bulk insulation – traps air in still layers to prevent heat from transfer through the material. 

Capital Value Quota – shows how much money an investment is giving back, due to a higher 
net cash flow, per staked investment dollar. 

Cross ventilation - outgoing air in the ventilation system is used to cool/heat incoming air in 
the system 

Earth coupling – when the ground slab gets the same temperature as the earth a few meters 
underground. 

Eave – the edge of the roof. 

Evaporative cooling – evaporates the water in the air with a big fan with water moistened 
pads which cools down the air 

Inflation – the decreasing value of money over time 

KWh – An energy use of 1000 W for one hour’s time 

LCA – Life Cycle Assessment 

LCC – Life Cycle Costs 

Net cash flow - the amount of cash, inflow minus outflow 

Net Present Value - the time value of money 

Nominal Discount Rate - this rate is supposed to reflect the finance of an investment (the 
loan), and sometimes also to cover for risks 

Payback time – the time it takes for an investment to be paid back 

Radiant heat flow – the transfer of heat from a heated surface 

Real Discount Rate – equals the Nominal Discount Rate minus the expected inflation rate 

Reflective insulation – resists radiant heat flow due to its high reflectivity and low emissivity 

R-value – resistance to heat flow, the higher value, the higher level of insulation (m2 K/W) 

Thermal mass - the ability of building materials to store heat 
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1 INTRODUCTION 

Global warming, climate changes, increasing energy costs and decreasing resources are only 
a few of the reasons why the world has to start building more environment friendly houses 
with lower maintenance costs and better material use.  

According to Passivhuscentrum, 2009, the building industry use as much as 40 % of the total 
global energy use and discharges 50 % of the greenhouse emission gases. This places the 
industry in first position for using most energy in the world. With this fact come a big 
responsibility and a role model situation for other industries that we have to take seriously 
and with moderate consideration. With this in mind it can clearly be said that even small 
changes in the building industry´s way of producing houses can make a big difference in the 
long run. 

 

Figure 1: Chart over greenhouse gas in the atmosphere from the 1500´s until present time 
(Naturvårdsverket, 2009). 

Explanation to the chart: Red curve indicates carbon dioxide; green is methane and blue is 
nitrous oxide. There are other greenhouse gases who attributes to global warming and 
climate change, but these three are the major ones. This is black on white, it cannot be 
denied that the greenhouse gases are increasing and affecting our world and its climate. And 
the levels are today increasing faster than ever. 

Australia has the highest level of greenhouse gas emissions per capita in the developed 
world, largely because of its heavy reliance on coal to generate electricity. Each person in 
Australia creates 26.9 tons of carbon dioxide equivalents each year. For Sweden the same 
digit is 7.4 tons (CAIT, 2009). 

There is a lot of ways a private person can help by doing only a small thing, such as changing 
from ordinary light bulbs to low-energy lights. Everyone can do something. One of the bigger 
things that can be done is to build a passive designed house instead of an ordinary house. 
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The sustainable building area is big, it involves the whole lifestyle, and in this report focus 
will be on the passive design of houses. 

For Sweden the passive house is the most advanced way to do this. In Australia the passive 
house techniques can be used in pretty much the same way as in Sweden, but it needs to be 
combined with a more opened-up design due to the fact that the temperature can reach 
degrees as high as 50 °C for the temperate zone. According to Professor Shane Murray the 
equivalent of a Swedish passive house does not exist in Australia, it should be referred to as 
a house with passive design techniques or an environmental sustainable house. In this report 
the description will be passive designed house. 

In many ways building techniques are different in Australia compared to Sweden. In 
Australia the biggest issue is to keep the heat out of the house and in Sweden it is to keep 
the heat in. However facts are that the passive design concepts are of interest both in a cold 
country, such as Sweden, and a warm country, as Australia, because it both helps the effects 
of both heating and cooling. With passive designs a house, in Australia or Sweden, should 
not need an auxiliary heating or cooling system regardless of season. This will save a lot of 
energy and money. 

A passive designed house is pretty much what it sounds like; a house that is passive cooled 
and warmed and it also uses a lot less energy in ventilation and electricity use than an 
ordinary house. It is constructed to re-use the energy that is generated inside the house. This 
is accomplished by using special building techniques and materials, choosing an orientation, 
design and location of the house to best save energy. The nature´s resources are used in the 
best way possible. These are all ways to help saving energy and reducing green house 
emission gases, but there are more to win. A house designed with passive techniques also 
means a more comfortable living situation with small temperature variations over day and 
season, sustainability and a much lower operation and maintenance bill. 

In Australia approximately 38 % of home energy use is used for heating and cooling 
(Reardon, 2008) and for Sweden 60 % of home energy use is used for heating (Paroc, 2007). 
Barely any houses in Sweden use cooling. For both countries this factor is the one who 
demands the biggest part of the total energy use, therefore there is a lot to save in the area 
of cooling and heating of houses. Other major energy thieves are water heating, lighting, 
refrigeration and electricity. 
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Figure 2: The world´s very first passive house ever built, the Darmstadt -  
Kranichstein Passive House in Germany (Wolfgang, F., 2006). 

Passive design techniques is a pretty new area of study, which first occurred in Germany in 
the year of 1990 with the construction of the world´s first passive house and has since then 
proofed that passive design really works with an annual heat requirement of 10 kWh/m². 
This can be compared with a standard use of 58 kWh/square meter for Germany (Wolfgang, 
F., 2006). And since this was the first attempt to build a passive house, and it is known that 
all new things has to be developed and further processed, passive houses which are today 
use even less energy than that. 

Passive designed houses are an area under progression, and hopefully this thesis will give a 
bit of help on the way to a more sustainable community. 

1.1 Purpose 

The purpose of the thesis is to investigate the differences and similarities and the 
economical conditions for two very different countries when it comes to passive designed 
buildings, and see if there are some of the conclusions which can improve any of the 
countries passive building techniques.  

1.2 Goals 

Except from gaining a bigger understanding and knowledge for passive design techniques 
the thesis will contain a lot of information on how the construction culture works in two very 
different countries. The comparison will give new insights and perspectives to the passive 
design concept. It also has a goal to compare the opportunities that a private house builder 
has when it comes to build a passive designed house. 
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1.3 Research questions  

To specify the task of the Thesis and to better understand the goals and purpose four 
specific research questions have been formulated: 

Research question 1: What are the differences between a passive designed house design in 
Sweden and Australia? 

Research question 2: What do the opportunities look like for a private person to build a 
house with passive design in the two countries? 

Research question 3: How much, in comparison, is there to save in the two countries when 
building a passive designed house and living there for a longer term? 

Research question 4: Which are the major different points of views to the sustainable 
development issue and passive house design in the two countries and is there something to 
learn from one another? 

1.4 Delimitations 

Only detached houses will be considered. 

Since Australia is a very big country only housing in one of the climate zones has been 
investigated. This zone is the temperate zone, which includes for example Melbourne, 
Canberra and Sydney. This specific zone has been chosen because it contains the most of 
Australia’s population and thereby concerns most people. 

 

Figure 3: Australia´s climate zones (Virtual Australia, 2009). 

Clarification: The light blue areas in the map belong to the temperate zone. 
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1.5 The report´s disposal 

The report starts with a literature study and case studies, with a section concentration on 
the private passive design house builder, where information from different sources is 
collected. That follows by a Life Cycle Costs chapter where focus is on the economics of 
passive designed housing. Thereafter a method section comes where the way of using 
research methods and calculations are described. The results from the previous parts are 
then displayed under results. A discussion with recommendations for further research is 
followed by conclusions to the research question that concludes the whole report. 
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2 LITERATURE STUDY 

In the text below the similarities and differences of the Swedish and Australian ways will be 
described in diverse perspectives of passive design building techniques. 

But first, what does sustainable development mean? Sustainable development is signified as 
follows: “development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs” (WCED, 1987).  

And what is a passive designed house? What is it characterized by? The following dot points 
and diagram will answer to those questions.  

 

Figure 4: A diagram of the passive design technique (Passivhuscentrum, 2009). 

A passive designed house is characterized by: 

 High levels of insulation and thermal mass which makes the house in no need of an 
external heating or cooling system. Thermal mass is the ability to store heat in 
materials. High thermal mass occurs in materials like concrete and bricks which has 
high density and demands a lot of energy to change temperature.  

 Nature resources such as sun, wind and rain are used for heating, cooling and water 
supply. To use natures for heating/cooling resources is called passive design. 
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 For Sweden there is only a need for a small radiator, at the size of a hairdryer 
installed in the ventilation system for use during the coldest days of winter. In 
Australia only an evaporative cooling system or a ceiling fan should be used if 
required in summer times (Reardon, 2008 and Passivhuscentrum, 2009). 

 Low heat loss/gain by air leakage is decreased by draught proofing construction with 
almost no air leakage. This also prevents cold air draught from windows and 
unwanted air movement. 

 The ventilation system is advanced with cross-technique; this is a requirement 
because of the draught construction. This means that the air that is ventilated out 
from the house is used to either cool down or warm up the fresh air that comes in to 
the house. 

 The energy created inside of the house, from people, lamps and electrical devices et 
cetera, are re-used. 

 The indoor temperature will vary very little during day and season, which creates a 
more comfortable climate to live in. 

As a summation it can be said that the buildings are designed to be shielded from unwanted 
climate extremes and responds to beneficial climate effects, warmth in winter and cooling in 
summer. 

As mentioned earlier, the passive techniques are used pretty much in the same way in the 
two countries, but Australian houses need a more opened-up design, more about this later 
on in the report. 

One would think that passive design is a quite new consideration. But humans have used 
techniques as passive solar heating for a long time. Ever since human lived in caves they 
choose to live in caves orientated so that the sun would help to heat the living space. In 
Turkey people 3000 years ago hallowed out chambers to live inside in soft volcanic rocks 
with high thermal mass. These are just two of many examples. It can be considered that 
sustainable design is not a recent concept – it is a recently lost one since the development 
seems to have been working against climate instead of with it. 

How much can actually be saved when building a house with passive design principles? For 
Sweden one have to pay for a maximum of 15 kWh per square meter for heating per year 
when living in a well-designed passive house (Passivhuscentrum, 2009), compare to an 
average of 107 kWh per square meter and year for a ordinary detached house of average 
size (Energiportalen, 2009). That is a difference of 92 kWh per square meter and year, and 
with a Swedish energy price of 0.20 AUD per kWh (Tingvalla Bygg, 2009) that will save 
approximately 19 AUD per year and square meter. Calculated on an average size of 170 
square meters this will save over 3.128 AUD per year. 

In Australia there is an average energy use of 1.900 kWh/year including both heating and 
cooling for an average house (Reardon, 2008). These numbers are based on a typical Sydney 
household, situated in the temperate climate of Australia. This can be reduced to as little as 
34 kWh/year according to Energy Australia, 2008, with the passive design principals where 
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there is only a need for a ceiling fan for cooling. That is only an energy use of 0.20 kWh per 
square meter calculated on an average size of 170 square meters. That will save 
approximately 280 AUD per year calculated on an Australian energy price of 0.15 AUD per 
kWh (Reardon, 2008). 

Country: Average energy use, 
normal house (kWh/year): 

Average energy use, 
passive designed house 
(kWh/year): 

Approximate savings 
per year (AUD): 

Sweden 18.190 2.550 3.128 
Australia 1.900 34 280 

Table 1: table of the energy use for a normal respective a passive designed house and 
savings. 

Observe: This is only for heating/cooling which stands for most of the energy use in both 
countries. If adding up other costs for water heating, lights, refrigeration et cetera in a 
passive designed house compare to an ordinary house the savings will be higher. This single 
example is just to get a sense of what there is to save in the two countries. 

Even if this simple table shows that there is money to save on a yearly basis, more long term 
thinking is better when studying sustainable housing. LCC and LCA are common terms that 
aims for calculating the costs, savings and environmental influence through the whole life 
cycle of a house or building. LCC means Life Cycle Costs and LCA means Life Cycle 
Assessment.  

The difference between the two of these is that LCC analyses the costs and savings for a 
buildings whole lifetime, this means that the building investment will be considered as well 
as maintenance and running costs over the years. LCA on the other hand is a method that 
aims for an over viewing picture of the environmental effects a building or a product makes 
during its lifetime. This includes raw material support, production method, effects arisen 
during the use of the building and all transportation. 
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The principal of this way of thinking is illustrated in the picture below. 

 

Figure 5: Illustration of a house´s life cycle (Isover, 2008). 

This gives a better picture of what there really is to save and it can give information of how 
long it will take to earn up for the extra costs when building a passive designed house 
compared to a normal house and proof that it really is worth the extra investment.  

Later in this report a Life Cycle Costs analysis for both a Swedish and an Australian house 
with passive design that will contain more information. 

2.1 Orientation 

To orientate the house right is of major importance. The passive design will be much more 
efficient when it is orientated in the right way compare to nature´s helping hands such as 
sun and wind. 

For both Australia and Sweden the following parameters is of main significance: 

 Ensure solar access – to be able to use passive heating with the sun as the source in 
winter. Design for passive solar heating is about keeping out the summer sun and 
letting winter sun in. 

 Expose to cooling summer breezes for passive cooling and protect from cold winds to 
prevent the house from being cooled down during the winter. Passive cooling 
maximizes the efficiency of the building envelope by minimizing heat gain from the 
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external environment and facilitating heat loss to air movement, cooling breezes, 
evaporation and earth coupling.  

 Surrounding environment must also be considered, for example overshadowing by 
surrounding buildings or houses can prevent the passive solar heating from 
functioning. 

2.2 Design 

Designing houses to be passive may sound like a lot of compromises have to be made and 
that it will limit the choices. This is not exclusively true; most times one cannot even tell the 
dissimilarity between houses designed out from the passive design techniques and an 
ordinary house by just looking at it. Small changes to the design will make the home more 
comfortable to live in and the small sacrifices that had to do be made appear to be worth it. 
Since passive design techniques really have made progress the last decade there are today 
lots of architectural choices and designs to choose from.   

Here follows some simple designs that make the passive design concept much more 
efficient. They are pretty much the same for both countries, with the difference that shading 
of the sun in summer is of more importance in Australia, but it is still of importance in 
Sweden. 

2.2.1 Eaves 

The design of the eaves helps the winter sun to shine in and the summer sun to stay out to 
produce passive heating when there is a need for it. This is done by the principal shown in 
the picture below: 

 

Figure 6: Design of eve for passive design (Government of South Australia, 2009). 

The sun has a higher position in the summer than in the winter. It is all about taking care of 
natural resources. 
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Observe: For Sweden the arrow should point to the south instead of the north from natural 
reasons. 

2.2.2 Shading 

Adjustable shading of glass is of more importance in Australia during summer, but will also 
help out to keep indoor climate comfortable in Sweden. There are several different ways of 
doing this, for example use blinds, louvers, nearby vegetation and roller shutters.  In winter 
the sun should be let in to gain the heating procedure.  

 

Figure 7: Different shading systems for use depending on season (Reardon, 2008). 

2.2.3 Windows and glazing 

Glazing has a big impact on the energy efficiency, poorly designed and located windows 
areas can make the house either too hot or too cold. The right design and location will help 
maintain year-round comfort and reduce or even eliminate the need of artificial heating and 
cooling. 

In both countries the side of the house that is most exposed to the sun (south for Sweden 
and north for Australia) the number of window areas and walls should be maximized to help 
the passive heating. East and west facing glazing should be minimized. And thereby should 
windows facing the cold direction be reduced in order to minimize the heat loss through this 
glass. For Sweden the passive heating in is much lower than in Australia, thereby the gaining 
from window location is bigger and of greater importance in Australia than in Sweden. 

The Government of South Australia, 2009, has made a rough guide on how to locate glazed 
areas in relation to the direction. See table below. They also assert that the window area 
should be no more than 25 % of the floor area of the house for best result. There are just 
rough guidelines though, not a must. See table below. 
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Facing direction Per cent of wall area 

Australia – North 
Sweden – South 

60 % 

Australia – South 
Sweden – North 

30 % 
 

Australia – East 
Sweden – West 

15 % 

Australia – West 
Sweden – East 

0-7 % 

Table 2: Table of how much window area that should be facing what direction for best 
performance. 

The use of double-glazed windows is standard in Sweden, but even in Australia this should 
be of first choice since the R-value for glass is low. The R-value describes how much the heat 
flow is through the material, the lower value and the more heat is transferred. It is also 
called the measurement of thermal resistance. With double or triple glaze this variable are 
drastic going to increase, and that means that less heat flows through the material.  

2.2.4 Floor plan 

A think about the floor plan, or the zoning of the house, helps gaining the positive effects 
from passive heating and gains the rooms that most need it.  

 
Figure 8: Zoning of the house (Reardon, 2008). 

For example the living areas such as living room and kitchen should be exposed to the sun 
for passive heating. The bedrooms, laundry room and bathrooms do not need the same 
amount of sun heating and therefore they could preferably be placed on the side of the 
house that are not exposed to the sun as much. A more open plan design will also help 
keeping a comfortable indoor climate. 
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Figure 9: To the left a typical house plan and to the right a floor plan that has more possibility 
for extensions and changes (Reardon, 2008). 

For an even more sustainable house, have a think about the future when designing the floor 
plan. Design not only to lie in the present, but also for life in the future. Is there a possibility 
for a need for an extra bedroom in the future? Other extensions needs such as for the living 
areas? Is it possible to get a future accessibility for wheelchairs/relaters in the later days of 
life? This will make the house more adaptable and sustainable for the future.  

With this approach the extra costs for building a more sustainable house may feel more 
worth it if thinking more in the long run, that the house is built for a whole lifetime, not only 
for the next couple of years.  

2.3 Insulation and construction 

This is the section where the Australian solutions are more clearly different from the 
Swedish ones than earlier in the report. 

2.3.1 Localization of thermal mass 

The location of thermal mass in the construction has an enormous impact on its year round 
effectiveness and performance. For achieving a good location for gaining both good cooling 
and heating effect the materials with high thermal mass should be located inside the 
building on the ground floor.  
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Figure 10: Illustration of the thermal mass heating and cooling qualities (Reardon, 2008). 

This will make the material soak up heat during the day and then emit during night when 
there is a need for heat. The floor is usually the most economical place to locate heavy 
materials and earth coupling can provide additional thermal stabilization. Earth coupling is 
achieved when the thermal mass of the slab is in direct contact with the additional thermal 
mass of the earth below. This greatly enhances the thermal performance. Earth coupling 
allows the floor slab of a well insulated house to achieve the same temperature as the earth 
a few meters below the ground surface, where temperatures are more stable (cooler in 
summer, warmer in winter).  

2.3.2 Draught 

For both countries it is of major importance to make sure that the house is free from 
draught through the construction. The draught can take place through air vents, gaps or 
joints as described in the picture below. This is so important because the draught causes up 
to 25 % of heat loss in winter, Australia, and for Sweden the percent is even higher because 
of higher temperature variations between indoors and outdoors (Government of South 
Australia, 2009). And this fact totally not agrees with the passive design concept. It also 
needs to be draught proof to prevent air to condensate inside the house structure and cause 
mould. Draught proof constructions are made by carefully considerate and prevent gaps 
from occurring, paying special attention to joints of materials and parts and ensure that 
windows and doors fit their frame perfectly.  
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Figure 11: Draught through construction (Government of South Australia, 2009). 

2.3.3 Insulation 

For passive designed houses in both countries a high insulation level and the use of materials 
with a high thermal mass is required to store heat and prevent the outdoor climate to effect 
the indoor climate in a undesired way. Insulation is the most important concept of passive 
design since 40 % of the heat is lost through roof and ceiling and 35 % through the walls in 
an un-insulated house (Government of South Australia, 2009). For Sweden the numbers are 
even higher because of bigger differences in temperature from indoors and outdoors.  

A good insulated home also gives noise control; noises from the next-door room are 
minimized as well as noises from outdoors from traffic, construction work, neighbors, car 
alarms et cetera. This also contributes to a more comfortable living situation.  

The R-value for roof and walls in Sweden must be more than 10 m2 K/W (Passivhuscentrum, 
2009) for a passive designed house and that can be compared to the Australian number of 
3.7 m2 K/W for roof and 2.2 m2 K/W for walls (Reardon, 2008). This fact really set numbers 
on why the insulation and thermal mass requirements are so different in these two 
countries. 

The systems for the two different countries are separately described in the two following 
chapters. 

2.3.3.1 Swedish insulation and construction system 

According to Paroc, 2007, good constructions for passive houses are the ones which follow. 
The construction is described through the pictures and the materials are indicated by 
numbers. 
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Figure 12: Swedish roof section (Paroc, 2007). 

1. Plaster board 
2. Bulk insulation 70 mm 
3. Plastic foil 
4. Loose fill insulation 500 mm 
5. Air gap creating board 
6. Roof construction 
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Figure 13: Swedish wall section (Paroc, 2007). 

1. Wooden panel 
2. Windproof foil 
3. Bulk insulation 45 mm 
4. Bulk insulation 170 mm 
5. Free-standing bulk insulation 170 mm 
6. Plastic foil 
7. Bulk insulation 70 mm 
8. Plaster board 
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Figure 14: Swedish floor section (Paroc, 2007). 

1. Floor material (wood) 
2. Concrete 
3. Insulation minimum 300 mm  
4. Draining material 150 mm 
5. L-element 

Section: R-value (m2 K/W) Insulation thickness (mm) 

Roof 14,7 550 
Wall 11,1 450 
Floor 5,6 300 

Table 3: Table over R-values and insulation thickness for a Swedish passive house (Paroc, 
2007). 

2.3.3.2 Australian insulation and construction system 

The most common materials have been chosen in this description to best answer to the 
most normal cases. Since only the temperate climate zone has been chosen for this study, 
here is a small description of this zone:  

 Low diurnal (day/night) temperature range near coast to high diurnal range inland. 

 Four distinct seasons. Summer and winter can exceed human comfort range. Spring 
and autumn are ideal for human comfort. 

 Mild to cool winters with low humidity. 
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 Hot to very hot summers, moderate humidity. 

Brick veneer walls, tiled roof and concrete floors are the materials studied by advise from 
Professor Shane Murray. Construction and ingoing materials are described in the pictures 
and text below. A difference from the Swedish system is the use of the reflective foil in roof 
and walls, since this might be necessary to reflect summer heat from getting into the house 
in Australia’s warm climate. 

 

 

Figure 15: Australian tiled roof section (Reardon, 2008). 

A tiled roof is the most common roof type. To make a passive roof design it is important to 
insulate with bulk insulation between the ceiling joists. Reflective foil is placed in the outer 
layer, underneath the air gap under the tiles, to function at its best performance.  
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Figure 16: Australian brick veneer wall section (Reardon, 2008). 

The wall construction is brick veneer with a lightweight wood framing system. The insulation 
in form of polystyrene board is placed between the brick veneer and the framing. The air gap 
that then is obtained between the wood frame and the inside wall structure, mostly plaster 
board, is then also functioning as insulation and a higher R-value.  

 

Figure 17: Australian concrete slab floor section (Reardon, 2008). 

A concrete slab floor is the most common floor type. The most common indoor floor type is 
mat, which makes floors more comfortable and warm. Observe that the edge insulation in 
the picture is only applied in the cold climate zone according to the national Building Code of 
Australia (Reardon, 2008). Therefore there is no need for insulation in the slab for the 
temperate climate zone of Australia. 

Section: R-value (m2 K/W) Insulation thickness (mm) 

Roof 3,70 160 
Wall 2,20 85 
Floor 2,20 - 

Table 4: Table over R-values and insulation thickness for an Australian passive designed 
house, calculated with values from Reardon, 2008. 
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2.4 Ventilation 

Passive design is quite dependent on the ventilation system to be able to work out in a good 
way. The techniques used are more complex and advanced than in ordinary ventilation 
systems. 

The cross ventilation system uses the air that is ventilated out from the house to cool or heat 
the fresh air going in to the house. This is an efficient and environment-friendly way that 
uses less energy. This solution really is of first choice in a passive designed house. Good air 
ventilation also prevents condensation and gives fresh air supply. In Sweden this kind of 
system could re-use up to 85 % of the energy (Passivhuscentrum, 2009). The number is 
lower for Australia due to natural circumstances such as the fact that temperature 
differences are not as big as in Sweden. 

As mentioned earlier, in Sweden there is only a need for a small radiator, at the size of a 
hairdryer installed in the ventilation system for use during the coldest days of winter 
(Passivhuscentrum, 2009). This radiator will heat the ingoing air in the ventilation system to 
prevent the house from being cooled down. In Australia an evaporative cooling or a ceiling 
fan should be used if required in summer times (Reardon, 2008). These systems will cool 
down the ingoing air to prevent the indoor temperature from getting to high. So the systems 
have different purposes for Sweden compare to Australia. 

A common myth about passive designed houses is that it is “prohibited” to open up windows 
and doors to let in cool air and ventilate the house. This is not a problem in a passive house 
according to Passivhuscentrum, 2009. However, as for all houses, in general it is better to 
open up widely for a short while and then close up when the temperature has been cooled 
down instead of having small openings open for a longer time. This sometimes has to been 
done, especially in Australian summer, to help the passive design to cool down indoor air in 
the evenings and mornings.  

 

Figure 18: passive cooling in the Australian passive designed house (Reardon, 2008). 
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The Australian opened-up design is illustrated in the figure above. It is called passive cooling 
when cooling breezes are used to cool down the indoor climate. A natural cross-ventilation 
is established this way. The cooling breezes come in to the house through the smaller, south, 
facing windows and cools down the rooms in most need of it, the bedrooms, and then out 
through the bigger, north facing, windows. 

2.5 Other solutions 

There are a number of other measures that will help the passive design concept to work out 
better and save even more energy. That could be: 

 Using solar panels for heating water. This is of more profit in Australia because of the 
higher average temperature and number of sun hours, in Sweden the system still is 
not so common compared to traditional water heating systems, since it can be 
doubtful if the investment is worth it or not. 

 Invest in A-classed electrical devices that need less energy. 

 Choose low energy light bulbs before ordinary bulbs. For a fact, in Sweden it is not 
possible to buy ordinary bulbs anymore. 

 Switching off electrical devices instead of using the stand-by function saves energy. 

 Having heavy drapes can help to keep the warm inside in winter. 

 In Australia the right use of skylights can contribute to energy efficiency and comfort 
as well as providing a good daylight source. 

 Use rainwater collection for watering the garden. 

 Using more efficient taps and showers, to use less water. This is of more importance 
in Australia where water is a more limited resource.  

 Re-use wastewater for flushing toilets or water gardens. 

These acts are not specific for passive design technique but it will make the house even 
more energy efficient and achieve a more sustainable development, which concept goes 
hand-in-hand with passive design concept. 

2.6 Development and status 

In this section the two countries approach and development in passive building techniques 
will be described. Also the contemporary situation will be investigated. 

2.6.1 Sweden 

In Sweden the passive design concept has been worked with for a while. Since passive design 
was invented in Germany in the early 1990´s it did not take long before it found its way 
across the Baltic Sea to Sweden.  
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Today there are about 400 passive houses in Sweden and this number are going to increase 
to more than the double during this year, according to Passivhuscentrum, 2009. See figure 
below. But most of these buildings are not detached houses, they are apartment buildings. 
The big increase is because of the growing interest paid to passive design and the successful 
projects that has been built. Today most of the passive houses are located in province of 
Western Götaland, in the southwest part of Sweden, but passive houses are possible to build 
in the whole country of Sweden except from the inland of Norrland (the most northern 
province of Sweden), since it has too cold winters.  

 

Figure 19: The number of passive houses in Sweden (Passivhuscentrum, 2009). 

The European Union, which Sweden is a part of, a construction norm that prescribes passive 
design standard are calculated to be taken into action in the year of 2016. And in Sweden 
houses are energy rated since 2008, but passive houses as standard will take a while. 

In Sweden the building has to meet a requirement of not using more than 10 W per square 
meter in heating effect, with the indoor temperature of 20 degrees Celsius to qualify for 
being classified as a passive house. This gives the maximum of 5-25 kWh per square meter 
bought energy for heating per year. This can be compared to an average use of 110-130 kWh 
(Paroc, 2007). Since Sweden has a range of climates, such as Australia, a house in the north 
are allowed to use more than houses in the south, therefore the range. There are also 
requirements of maximum level of air leakage for passive houses.  

2.6.2 Australia 

With more awareness of climate changes, water shortage and increasing energy costs 
sustainable buildings and passive designs has also become more relevant to Australians. It 
still is a pretty new area of study in Australia, and in many ways they are far behind countries 
like Sweden in their progression to sustainable development. 

Passive classification of houses is not the same in Australia as in Sweden, as mentioned 
earlier. Therefore no exact number of houses with passive design can be given, according to 
Professor Shane Murray. The use of the so called star-rating system is worked with instead. 
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In Australia the government nationally promulgated in the 2003 Building Code of Australia 
that a basic thermal insulation was a requirement for all new built houses. Before this time 
insulation was not a requirement in Australia, but some states did have their own 
requirements. In 2006 the requirements where updated to a “5 star” standard. That means 
that the future house has to have a five star rating to be given building approval from the 
government. Already next year (year 2010) the star rating is going to be increased to 6 stars, 
but this is only for apartment and multi-housing and apartment buildings, according to 
Professor Shane Murray. 

The rating of a house is made individually for each house with help from rating tools such as 
BERS, NatHERS and AccuRate and the rating ranges from one up to a maximum of ten stars.  

There are a lot of data that has to be considered when doing a star rating. Orientation, 
shading, construction materials, window size and orientation, ventilation and insulations are 
some of the factors that are rated. This comes down to an individual rating of the house´s 
thermal performance. In short a 5 star standard requires: 

 That the building achieves a high level of thermal energy performance, and will 
require minimum levels of heating and cooling to be comfortable in winter and 
summer. 

 Energy assessments take into account different climatic conditions in different parts 
of the country and are benchmarked according to average household energy 
consumption particular to a given climatic region. 

 That there are water efficient taps and fittings in the house. 

 Either a rainwater tank for toilet flushing, or a solar hot water system is required 
(Make your home green, 2009). 
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Figure 20: Chart of the star rating system of annual heating and cooling energy use (ACT 
Government, 2009). 

In the future there will for sure be upgrades to the Building Code, but it all needs to be done 
one step at the time as with all big changes. As a comparison the average Australian house in 
today´s society only has a 2 star rating (Make your home green, 2009) and a look on the 
chart above gives a hint of how poor most of Australian houses are when it comes to energy 
efficiency. Today as many as 27 % of the houses in the state of Victoria and 46 % of houses in 
the state of New South Wales has none insulation whatsoever in their construction 
(Reardon, 2008).  

A problem in Australia is that it´s really cheap to build houses, with hard competition 
between contractors and low material prices. Nowadays the average house is in the size of 
260 square meters according to Professor Shane Murray. This makes people in position to 
make a decision, a big cheap house or a smaller, more expensive house with passive 
techniques and sustainability in focus. 

It is up and coming in Australia with sustainable building. The sustainable development in 
the building industry has really made progress in the past half decade with companies 
becoming more aware of the idea that “green is good” and there are several industry 
programs promoting sustainable approaches to building. Passive designed houses are still 
rare but there are a lot of successful examples from Australia built in the past couple of 
years, three of them are described later in this thesis report.  
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2.7 Building a passive designed house as a private person 

In this chapter passive design will be considered from the points of views of a private person 
wanting to build him/herself a house with passive design. The following questions will be 
investigated: 

 Are there any grants or discounts provided from the government? 

  What are the loan conditions? 

 Which opportunities are there when it comes to contractors, architectural choices 
and what is the ease of access like? 

 A LCC analysis of passive designed housing in both countries – what is there to save? 
How long time will it take to earn back the extra investment cost? Energy/resource 
use and other expenses? 

These different perspectives are described in the following subchapters.  

Since building a house with passive design will be more pricy than just building a house in 
traditional style, it is welcoming with some extra grants or discounts for this purpose. The 
different countries options when it comes down to this are described in the text below. 

In Sweden there are no specific grants for building a passive house. There are only grants for 
making improvements and changes to existing houses.  

Some county administrative boards in Sweden have given grants to some specific projects, 
but these are no general grants.  

One example; in the county of Dalarna private house builders can get a grant to be able to 
invest in solar panels for producing electricity. These grant cover up to 60 % of the 
investment cost (Sveriges Radio, 2009). Other counties give grants for example changing 
double glass windows to triple glass windows and changing from direct working electricity 
supply to more environmental friendly sources. 

But there is also a general grant provided for those who want to install solar panels, which is 
not as big as the grant from the county of Dalarna, this grant is for everyone in Sweden, not 
only the residents if the county of Dalarna. If a private house builder wants to install a 
system for heating of water and heating he/she can get a grant of up to 1.240 AUD 
(Byggahus.se, 2008). The estimated lifetime is 20 years (Byggahus.se, 2008). The grant size 
depends on what kind of system is used and how big the system is in area.   

The so called ROT-reduction was recently introduced in Sweden a few years ago. This 
reduction gives private persons tax reductions when they choose to hire personnel to make 
improvements/changes to their homes. For example changing energy supply source or 
install complementary insulation. 

There are currently discussions of introduce more grant opportunities for people who wants 
to build more sustainable, but these grants will probably take a while before they are 
introduced.  
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In Australia there is something called “Energy Efficient Home Packages”. It is provided by the 
Australian Government and give grants to Australians who wish to install ceiling insulation in 
their existing homes or install a solar hot water system. 

The package will create jobs, help millions of households reduce their energy use, cut their 
power bills by up to 700 AUD a year (Australian Government, 2009), and increase the 
comfort and value of their homes.  

The package includes: 

 Up to 1,600 AUD for installing ceiling insulation in currently un-insulated homes or 
homes with very little ceiling insulation (Australian Government, 2009). 

 A 1,600 AUD rebate for installing a solar hot water system or a 1,000 AUD rebate for 
installing a heat pump hot water system, to replace an electric storage hot water 
system (Australian Government, 2009).  

Some states have additional grants and rebates, when the ones from the Australia 
Government are available for Australians all over the nation. 

As a conclusion there are only grants for making improvements and changes to existing 
houses and replacing existing systems, except for the installation of solar panels for water 
heating and heating in Sweden. This comes to the conclusion that the builder of a passive 
designed house unfortunately only can get one grant today in Sweden and none in Australia. 

2.7.1 Loan conditions 

Almost all people who wish to build themselves a new home needs to take a loan to be able 
to afford the big investment that building a new house comes with. This is a big decision that 
will follow the borrower in form of amortizing of the loan and the interest rate for a long 
period of time. This chapter describes the different points of views in this matter, for the two 
different countries. 

In Sweden borrowers can loan money for the investment to build a new house from either a 
bank or a credit institution. Of course there are a lot of different opportunities and 
companies that provide these services. 

Most of the time people can loan money up to a level of 90 % of the total cost for the house, 
sometimes even 95 %. The loan is divided into two parts, the top- and bottom-loan. A 
bottom-loan is the major part of the loan and stands for most of the interest. The interest is 
low and covered by a safety; this means that the loan giver is guaranteed to get the money 
back. A safety most of the time meant that the property is placed as a pledge for the loan. 
Most commonly the bottom-loan is 75 - 95 % of the total loan sum. The period of repayment 
is longer than for the top loan. The top-loan is the complementary part in a bigger loan that 
means that the loan provider does not need to cover up with a safety. The loan taker doesn’t 
have to have a safety and in return he/she has to pay a higher interest.  

The period of repayment is most of the time up to a maximum of 50 years, the applicant will 
have to be at least 18 years old and sometimes an additional fee have to be paid to 
administrate the creation procedure of the loan.  
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In present time a typical interest rate for a loan bounded for three years is approximately 
between 4.2 to 4.54 % for bottom-loan and between 1.64 and 6.37 % for top-loan in Sweden 
depending on bank, loan size and loan type (Compricer, 2009).  Read more about different 
loan types below, the types are pretty much the same for Sweden and Australia.  

For Australia there are several different kinds of loans. It could be a variable home loan, 
where the rate charged are moving up or down with movements in interest rates, set  by the 
Reserve Bank of Australia. There are also fixed rate home loans and split rate home loans 
(where one portion of the loan fixed has a fixed interest and one portion is variable). These 
three are the most common ones.  

The amount costumers can borrow, commonly known as the borrowing capacity or 
borrowing power will differ from lender to lender. It also depends on the borrower´s 
income/employment situation, deposit size, existing loans and family situation. 

Period of repayment are typically up to 30 years. As a general rule, if the customer is an 
owner-occupier he/she will require 5% of the purchase price as a deposit. That means that 
the borrower can take a loan at the size of 95 % of the houses price.  

In present time a typical, average, interest rate that is bounded for three years time is 4.79 % 
for owner-occupied home loans in Australia (Canstar, 2009). In Australia it is more common 
than in Sweden to invest in properties and let it out. The interest rate for this kind of 
ownership is often higher than for owner-occupiers.  

2.7.2 Opportunities and accessibility 

The costumer’s demands, needs and wishes for housing have a big influence on the market, 
which consists of contractors, architects and developers. What are the opportunities and 
how good is the accessibility in today’s society, in a costumer’s point of view, in the two 
different countries? 

There are a few different companies in Sweden that are specifically prominent in the passive 
house industry. These are in first hand FaBo, Eksta Bostads AB, Allingsåshem and different 
collaborations with the big actors on the market such as PEAB and NCC and smaller 
companies or municipalities.  

There are a lot of opportunities if one wants to build a passive house. A lot of smaller 
building companies knows the passive house technique and are willing to build them for the 
costumer. Just one example is Emrahus AB. There is also a lot of companies specialized in 
passive house adapted doors, windows, insulation, ventilation et cetera that the costumer 
can choose from to get the solution that suits in the best way. 

There is even catalogue for passive houses available from the Norwegian company 
Mesterhus today, and it seems like it is only a matter of time until Swedish companies start 
to promote and sell passive houses on a catalogue basis. This will make it much more 
reachable and easier for the costumer to take the decision to invest in a passive house. 

In Australia builders, architects and contractors have seemed to adapt to the new trends 
that comes with a more sustainable building approach. In Reardon, 2008, it is said that a 
‘level playing field’ is essential to support the builder's role in creating more sustainable 
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housing. The building industry is a highly cost focused and competitive branch and some 
contractors still think that insulation, double glass windows, shading details are optional 
extras, however development are making progress. More and more contractors seem to be 
willing to focus more on sustainability.  

Architects and designers have a big responsibility, since the majority of important decisions 
affecting lifetime performances due to the building, is made during the design process.  
There are today a big number of architect firms that offers solutions for passive design and 
sustainability. Some examples are FMSA, Workshop Architecture, Zen Architects and 
Harrison and White Architects. One example of progression is the fact that the Victorian 
Architecture Awards have a category for sustainable architecture which was introduced a 
few years ago. Today in Australia it is quite expensive to build a house designed by an 
architect, and since all the mentioned companies above are architectural firms, sustainable 
designed houses is something considered a luxury. Approximately only 5 % of the houses are 
designed by architects, according to Professor Shane Murray. 

There are a few cheaper construction firms that have started to pay interest in sustainable 
housing and passive techniques. One example is the company Burbank, which is offering 
clients package solutions that include for example a 7 star rated insulation, passive solar 
design, double glass windows and rainwater tank system (Burbank, 2009).  This company is 
highly profiled in sustainability and has a lot of finished packages and designs to choose 
from, which makes it more accessible for those whom wish to build a passive designed 
house. 

If a person want to build him-/herself a house with passive design but do not want to spend 
a fortune on hiring an architect they have to find a good builder/contractor that are focused 
on sustainability. In Australia’s guide to sustainable living the “eco directory”, which is 
available on the internet, there it is possible to search through a large number of sustainable 
contractors and builders in Australia. There are a lot of options for builders that offers 
sustainable solutions, and the number of companies is growing constantly. It always 
demands a bit of effort to find a builder that will meet the needs. 

One other option is of course to do it private, if the right skills and pre-requirements are 
possessed.  
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3 CASE STUDIES 

There are a lot of interesting examples from both countries where the passive design 
concept has worked out very well, hereby follows a comparison of six of them, three from 
each country. 

3.1 Sweden 

The three projects of passive design selected for the comparative study are: the Lindås 
chain-houses, Villa Malmborg and Villa Westholm. The table below gives an overlook over 
the different projects. 
 

Project: Location: Contractor/Architect: Year:  Energy use:   

Lindås Gothenburg Egnahemsbolaget, PEAB 2001 20 kWh/m2 
Villa Malmborg Lidköping Vårgårdahus 2007 20 kWh/m2 
Villa Westholm Falun Efem Arkitektkontor AB 2007 30 kWh/m2 

Table 5: Table over three passive designed houses in Sweden with their energy use 
(Passivhuscentrum, 2009). 

Observe that the energy use is only indicating the energy use for heating. 

3.1.1 The Lindås chain-houses 

 

Figure 21: The Lindås chain-house complex (Passivhuscentrum, 2009). 
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Figure 22: Plan over the Lindås chain-houses with the installation of the ventilation system, 
ground floor to the left, floor one to the right (Boström, T. 2003). 

 
Figure 23: Section of one of the Lindås houses (Boström, T. 2003). 

The project of the twenty chain-houses in Lindås was the first passive house project in 
Sweden. The planning started in the 1990´s and the houses was finished in 2001. The 
Swedish Technical Research Institute has done several of tests and measurements of the 
project during construction and during two years in the completed houses. The results 
indicate that there is a big energy saving in the Lindås houses compared to ordinary chain 
houses. The annual energy use is approximately 8.300 kWh compared to 15.000 kWh for an 
ordinary chain-house in Sweden (Passivhuscentrum, 2009).  

Each one of the chain-houses has an area of 120 square meters. Except for a draught-proof 
sealed envelope design, high insulation levels and advanced ventilation each house is 
equipped with 5 square meter solar panels that will cover approximately 40% of the energy 
used for heating water (Passivhuscentrum, 2009). 

The materials used were: wooden frame and façade, triple-glaze windows, ground concrete 
slab and tiled roof. 
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3.1.2 Villa Malmborg 

 

Figure 24: The passive house Villa Malmborg (Tellus, 2009). 

 
Figure 25: Plan for Villa Malmborg, ground floor to the left, floor one to the right (Villa 
Malmborg, 2008).  

 
Figure 26: Elevations of Villa Malmborg, clockwise from upper left corner: west, east, south 
and north (Villa Malmborg, 2008). 
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Villa Malmborg is a passive two storey house of 170 square meters designed out from all the 
main concepts of passive design. For example it has a sunny location, big windows facing the 
south and smaller windows facing north, it has shading and a thick climate scale with a high 
level of insulation (Tellus, 2009). It was Sweden’s very first detached passive house.  

The materials used were concrete ground slab, wooden frame and façade, triple-glazed 
windows, metal deck roof and with several different insulation types.  

The family had some trouble with the automatic ingoing ventilation heater during cold days, 
but since they changed system it worked out in a much better way. The family has written a 
blog about the construction phase and the time after that where they describe what it is like 
to live in a passive house. The family seems to really enjoy the comfort of living in a passive 
house and spend much less money on their energy bills than they did before. 

3.1.3 Villa Westholm 

 
Figure 27: The passive house Villa Westholm (Sveriges Arkitekter, 2009. 

 
Figure 28: Plan for Villa Westholm, at the top floor one, at the bottom the ground floor (Efem 
Arkitektkontor AB, 2009). 
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Villa Westholm is a typical one-family passive house with the addition of a fireplace for extra 
comfort and to help the family to warm up the house if they have been away for a few days 
and the system got lost of the energy from humans, lamps and electrical devices. They also 
have second generation solar panel which warms up to 50 % of the hot tap water. Another 
solution is the window shading system is mobile and can be removed during winter to let 
more daylight in.  

The ingoing materials were wooden frame and façade, tiled roof and concrete ground slab. 

The resident has calculated the energy use of their home to be approximately one third of 
what a normal house of the same size would use. The house has been rewarded with the 
Falu Municipality Award in 2007 (Sveriges Arkitekter, 2008).  

3.2 Australia 

All of the houses chosen for this comparison have been awarded with the Victorian 
Architecture award in the section for sustainable architecture. The three projects chosen 
are: The Bairnsdale House, The Butterfly house and the Yarra Junction house. The table 
below gives an overlook over the different projects. 

Project: Location: Contractor/Architect: Year:  Energy use:   

Bairnsdale house Bairnsdale Taylor Oppenheim 2001 Unknown 
The Butterfly house Murrumbeena Zen Architects 2008 12.6 kWh/m2 
Yarra Junction house Yarra Junction Darren Evans 2001 Unknown 

Table 6: Table over three passive designed houses in Australia with their energy use 
(Reardon, 2008, and Ric Zen, 2009). 

Unfortunately it turned out to be hard to find out the specific energy use for the Australian 
examples. Only one, the Butterfly house, gave detailed information about the energy use. 
The number includes all of the energy use for the house. 
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3.2.1 The Bairnsdale house 

 

Figure 29: The Bairnsdale house in Victoria, Australia (Reardon, 2008). 

 

Figure 30: The plan and shape of the Bairnsdale house (Reardon, 2009). 

 
In Bairnsdale, in the state of Victoria in Australia, there has been built a house with advanced 
technical solutions that creates its own electricity and hot water. The AccRate system which 
rates thermal comfort has given this house a 6.2 star rating. The current Building Code of 
Australia has a requirement of 5 stars in Victoria (Reardon, 2008).  

It has a lot of different systems to collect and use its own water, and recycle wastewater. It 
uses passive cooling and heating in a good way and it is even shaped to best go with the 
passive design concept. The shape is created to best take advantage of cooling summer 
breezes and to protect from cold winter winds. See the plan above. 
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The materials used are concrete slab, double-glazed windows, walls out of leaves of 
rendered concrete masonry brick and corrugated steel roof. 

The house is a single storey house of 174 m2 (Reardon, 2008) with advanced zoning of the 
spaces. It has a lot of north facing windows and it has very good insulation. All of the 
features described give the habitants of the house a good thermal comfort with low energy 
costs. 

3.2.2 The Butterfly House 

 

Figure 31: The Butterfly House (Zen Architects, 2009). 

 
 
Figure 32: plan for the Butterfly House (Zen Architects, 2009). 
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Figure 33: Section of the Butterfly house that illustrates the passive solar and ventilation 
technique (Zen Architects, 2009). 

The Butterfly House designed by Zen Architects is a house that will be produced in a lot of 
copies in the next couple of years. The really clever solution in this house, is the rotatable 
“butterfly roof” with solar panels that makes this design work in all different orientations of 
the house (Ric Zen, 2009). The position of the windows will also change depending on 
orientation. The butterfly roof is designed to gain the best performance when it comes to 
passive solar heating, passive cooling and ventilation, see figure above. 

The size of the house can be chosen between two different plans, one is 174 m2 and the 
other one is 199.5 m2 (Zen Architects, 2009). The house is at a standard 5.3 star rated but 
can be upgraded to as much as 8 stars with different additional solution, such as changing to 
double-glazed windows. Examples of the sustainable solutions made in this house are: 
passive solar design, recycled materials in the construction, high thermal mass, efficient 
water use, on site power generation and natural ventilation. The materials used are for 
example concrete slap, brick veneer walls, metal deck roof, batts and foil. 

The energy use is 12.6 kWh/m2 (Ric Zen, 2009), and with some of the upgrades this number 
can increase to an even lower level. The estimated cost for cooking, lighting and appliances 
are 414 AUD per year (Zen Architects, 2009). 
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3.2.3 The Yarra Junction home 

 
Figure 34: The Yarra Junction home (Evans, 2009). 

 
Figure 35: plan for the Yarra Junction home (Evans, 2009). 

 
Figure 36: Elevations for the Yarra Junction home (Evans, 2009). 
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The Yarra Junction home in the state of Victoria was designed by Darren Evans who works at 
the company Solar Solution Design and Drafting (Evans, 2009), which is a company 
specialized in passive solar design and energy efficient solutions.  

The house has a rating of 6.9 stars, which is a really high rating considering that it was built 
as early as in the year of 2001 (Evans, 2009). This high rating is because of a good zoning and 
plan, high levels of insulation and thermal mass, solar panels, advanced shading systems and 
well planned cross ventilation and more. See figure of the advanced shading solutions 
below. 

 

Figure 37: The shading solutions at the Yarra Junction house (Evans, 2009). 

The materials used in the construction are: polystyrene blocks filled with concrete in the 
walls, a concrete slab floor, plantation grown radiate pine roof and double-glaze windows 
with a PVC frame. It has a solar water system and a wastewater treatment system for 
efficient water supply. The evaluation of this house shows that the owners are very happy 
and that they have found that the house have met all their requirements.  
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4 METHOD 

The method chapter describes the approach for making the comparison from the literature 
study and the method for performing the different analyses in the Life Cycle Costs segment. 

4.1 Literature study 

The literature study is the starting point to the comparison. All the data collected will be 
compared in the two different countries perspectives. Similarities and differences will be 
analyzed and lead to conclusions and answers to the research questions. The case studies 
will also be compared and discussed.  

Criticism of the references chosen and referred to always has to be performed, one have to 
be aware of everything read are not always true. I have tried to choose governmental or 
stately based resources as much as possible, since they come with more reliability. Verbal 
communication with professionals has been put more in to trust than Internet resources. 

4.2 Life Cycle Costs 

Two different methods have been used in the Life Cycle Costs analysis to evaluate the 
investment of a passive designed house compared to an ordinary house. They are: the 
Payback method and the Net Present Value method. Both methods are going to be 
calculated with help from Microsoft Excel.  

These are both very common and well known methods to easy make judgments about 
investments. They are each individually described in the two following subchapters. 

For each country there will be one analysis for an ordinary, average, house and one analysis 
of a passive designed house. For Sweden two different options are going to be investigated 
under the passive house category, one with a solar panels system and one without. This is 
because it is doubtful if solar panels are profitable in Sweden. 

As a first approach, the extra investment cost in per cent, is determined. This will give a first 
clue about how much more expensive it is to build a passive designed house instead of an 
ordinary house in the different alternatives. The per cent is given by this simple division: 

Price for a passive designed house 
Price for an ordinary house 

Equation 1: the relation between the price for ordinary and a passive designed house. 
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The result from the analysis in Life Cycle Costs will give definite numbers and relations 
between the two countries. This will bring forth an important basis for making conclusions 
and answering the research questions. 

4.2.1 The Payback method 

The Payback method is also known as the payoff-method or the re-payment method. It is 
used to determine how fast an investment pays itself back compared to other alternatives. If 
an investment pays itself back during the, in this case house´s, economical lifetime it is 
considered being profitable. And the bigger the positive difference are, the more profitable. 
The economical lifetime means the period of time when the object is considered being 
economically durable. 

It is a relatively simple method to compare different options and to control if the investment 
is “worth it”. The result of this method, the Payback time, simply describes the time that is 
needed to give back the investment cost. 

In short it is a simple way to add up the payment surplus to the negative investment until 
the sum of these becomes zero.  

The equations used in this method are: 

 
Equation 2: The solution to when the Payback time is reached. 

The ingoing parameters are: 

Ci = the annual net cash flow (the amount of cash, inflow minus outflow) 

i = year (1, 2, 3 … n) 

T = Payback time, this parameter can be described as: 

 

Equation 3: Equation for the Payback time. 

I = Investment 

a = annual payment surplus 

Sometimes the Real Discount Rate is taken into consideration in this method, but usually 
not. Then other methods, such as the Net Present Value method, are more of a firsthand 
choice. In our case the Real Discount Rate is not being considered in the Payback analysis. 
This is just to make a simple comparison and a first hint of the investments profitability. The 
Net Present Value method will take this parameter in consideration. 
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There will be three analyses, one each for the two countries, and one extra for Sweden 
without the solar panel system. This is because it is relatively doubtful if the investment with 
solar panels is profitable or not. 

In the charts then created it can easily be seen when the Payback is reached. The Payback 
time for when the investment is reached is where the curve cuts through the x-axis in the 
chart, which shows time in years. 

4.2.2 The Net Present Value method 

The Net Present Value method is also known as the discounting method, cash flow method 
or the capital value method. As with the Payback method this method is used to determine if 
an investment is profitable or not.  

In short the method discounts the investment and the annual payment surplus to Net 
Present Values and compares those values with the negative investment cost. It is used both 
to determine if the investment is profitable or in comparison between different options. The 
only thing is in a comparison the different objects valued must have the same life time. 
Regarding the fact that all of the houses in this case have a life time of 75 years will this be 
all right.  

The investment is profitable if the Net Present Value is bigger than the negative investment 
cost, in other words, if the difference between the Net Present Values and the investment is 
bigger than zero. The bigger the positive difference are, the more profitable. 

The Net Present Value method considers the time related money value due to inflation and 
loan related interest costs. In this method, in contrast to the Payback method, it is much 
more common that the cost of inflation and the loan´s interest rate also is considered. This is 
where the Real Discount Rate comes in. The rate is used to discount future cash flows to 
their present values. The higher this rate is the higher affect it will have on the Net Present 
Value. 

As mentioned earlier the Real Discount Rate depending on two factors, the inflation rate and 
the Nominal Discount Rate, in our case the home loan interest rate. The following equation 
describes the relation between the different rates: 

Real Discount Rate = Nominal Discount Rate – Expected Inflation Rate 

Equation 4: Equation for calculating the Real Discount Rate. 

In our case the Real Discount Rates are: 

Sweden: 4.2 – 1.5 = 2.7 % 

Australia: 4.79 -1.5 = 3.29 % 

The Net Present Value for a single, future, investment is calculated with the equation below: 

 
Equation 5: The Net Present Value for a single, future, investment. 
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NPV = the Net Present Value 

I = Investment 

r = the Real Discount Rate 

i = year (1, 2, 3 … n) 

Sometimes the rest value of an investment is considered, but in our case this value is not to 
be considered since the rest value after the house´s estimated economical life time is close 
to zero. 

The more general equation for Net Present Value is as follows: 

 
Equation 6: the equation to Net Present Value method. 

T = time in years, economical life time 

Ci = the annual net cash flow (the amount of cash, inflow minus outflow) 

As with the Payback method analysis for each country will be made. The analysis is based on 
the differences in investment cost and annual cash flow in the three cases, one with an 
ordinary house and one with a passive designed house. This is a simplified way that gives the 
same result as an analysis with one separate analysis for an ordinary house and one for a 
passive designed house. 

This will result in four charts, one for each country, one extra for the Swedish alternative 
without solar panels and one comparison. 

When a comparison is to be made between different options the Capital Value Quota is a 
handy tool. It shows which investment is giving the most money back per staked investment 
dollar. 

The Capital Value Quota is given by the following equation:  

 
Equation 7: The Capital Value Quota equation. 

CVQ = Capital Value Quota 

If the Capital Value Quota is above 1, the investment is profitable, and the higher value, the 
more profitable are the investment. In this way different alternatives can be ranked against 
each other. 
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5 LIFE CYCLE COSTS 

In this section all ingoing parameters that are used in the LCC analysis are described and 
presented. To view the full analysis, see appendix A and B. 

This is a foreseeable analysis where template values has been used, all according to the 
conditions and assumptions in the following subchapters, one part for Sweden and one part 
for Australia.  

Common for both countries are the following parameters: 

 The size of the house is assumed to be 170 square meters. Houses in Australia are 
generally bigger and Swedish houses smaller, but to make the comparison possible 
this specific square area has been chosen to fit in to both countries standards. 

 Only the cost for the house is being considered. That means that costs for the site, 
shafting, building permit and connection fees for example electricity support are not 
going to be considered. This is because these costs are the same regarding if building 
a passive designed house or a normal house, and therefore these numbers have a 
very small affection on the end result. 

 It is assumed that a construction/building company is hired for building the house, no 
work is made by the future inhabitants.  

 The cost for maintenance, such as painting the façade, change wallpapers and wear 
on exposed surfaces are not considered. Even though a passive designed house in 
most cases is constructed by more sustainable materials that will last longer, the 
influence from this will not be taken in consideration. This is because of 
simplifications. 

For the calculations in the Net Present Value method and the Payback method the following 
numbers are used: 

 The life time for the house is assumed to be 75 years, during this time renovations 
and change of some materials may be necessary, these costs are eliminated from this 
estimation due to the fact that they do not vary so much between an ordinary house 
and a passive designed house. This specific number of years has been chosen after 
consideration with Professor Shane Murray and over-seeable literature studies. 

 The increasing electricity price has to be considered. According to Tingvalla Bygg AB, 
2009, the electricity price in Sweden has increased with 5 % the last couple of years. 
The same number is going to be used for Australia. 
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 The Real Discount Rate adjusts to eliminate the effects of expected inflation and to 
cover up for costs financials connected to the investment, a home loan in our case. 
Inflation means that the value of money changes over time, for example if one have 
100 AUD and the inflation is 5 %, next year that 100 AUD will be “worth” 95 AUD.   

 The current inflation in Sweden is - 0.4 % due to the financial crisis according to 
Dagens Industri, 2009. This is a quite abnormal rate, and the same source foresees 
that the inflation will stabilize in a few years time and become 1.5 %, so to make the 
calculations more sustainable and valid for the future that rate is going to be used in 
the calculations. 

The inflation rate of Australia is today 1.5 %. (Reserve Bank of Australia, 2009). 

 The other ingoing parameter, except the inflation rate, to get the Real Discount Rate, 
is the home loan rent. This parameter is called the Nominal Discount Rate. The rate is 
supposed to reflect the finance of an investment, and sometimes also to cover up for 
risks. 

For Sweden the Nominal Discount Rate is set to be 4.2 %.  

For Australia the Nominal Discount Rate is set to be 4.79 % 

These specific rates come from the actual home loan interest rates described in the 
loan conditions chapter. The average rate used for Sweden is estimated from the fact 
that the interest rate for the top-loan is higher than the interest rate for the bottom-
loan.  

5.1 Sweden 

The parameters considered are:  

 Investment cost for building the house 

 Heating 

 Water heating 

 Electricity usage, which includes electrical appliances, lighting, cooking, refrigeration 
and standby. 

5.1.1 Ordinary house 

According to alltombostad.se, 2009, a good template value for the building of a detached 
house is between 15.000 to 20.000 SEK per square meter. The mean value is then 17.500 
SEK which is approximately 2.900 AUD per square meter. Calculated on a 170 square meter 
sized house it comes to a total of 493.000 AUD. 

The average energy use is 18.190 kWh/year for heating according to table 1. This is for direct 
working electricity heating, which, according to Statens Energimyndighet (2009), is the most 
common type today in Sweden. 
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Water heating requires approximately 5 000 kWh per year (Energiportalen, 2004). 

Electricity usage is approximately 6 200 kWh per year (Statens Energimyndighet, 2009). 

Summary: 

Source: Average energy use 
(kWh/year): 

Approximate cost (AUD): 

Investment cost - 493.000 
Heating 18.190 3.638 
Water heating 5.000 1.000 
Electricity usage 6.200 1.240 

Table 7: summary of the ingoing parameters for the Life Cycle Costs analysis for an average 
Swedish house. 

Observe: the energy price in the calculations are 0.20 AUD per kWh (Tingvalla Bygg, 2009). 

5.1.1.1 Summation 

Investment cost: 493.000 AUD. 

Annual running costs: 5.878 AUD. 

5.1.2 Passive house 

The differences from an ordinary house are the investment cost, water heating cost and the 
heating costs. The electricity cost is assumed to be the same as for an ordinary house. 

The investment cost is approximately 2 – 5 % higher than in an ordinary house, according to 
Passivhuscentrum, 2009. The higher level of insulation is approximately 2.900 AUD extra, 
passive house windows also another 2.900 AUD and the cross-ventilation system is 
approximately 1.650 AUD more expensive than ordinary ventilation, all according to 
Passivhuscentrum, 2009. There are also other additional costs because of the construction 
technique that has to be performed when building passive houses. One example is that the 
work with making the construction totally draught-proof takes more time and therefore the 
work will cost more money. Another example is the special doors designed for passive 
houses, which are more expensive than other doors. Some money will also be saved since 
there is no need for a radiator system to be installed in a passive house. 

For the calculations an extra investment cost of 4 % has been added to the price for building 
an ordinary home. Since passive design still is pretty new it is preferable to choose a higher 
interest rate in the calculation to minimize the risk for unpleasant surprises. That number 
includes the cross-ventilation and all other extras. The investment cost then ends up being 
512.720 AUD, or 3.016 AUD per square meter. 

With the use of the advanced cross-ventilation system the heating costs are heavily reduced 
since a lot of the energy can be re-used. Reference: table 1. 

As mentioned in the method chapter, two options will be considered, one with and one 
without solar panels. 
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For the option when solar panels not are in use, the water heating cost is going to be the 
same as for an ordinary house. 

For the solar panel system a so called combined system has been chosen, which generates 
both hot water and heating. A solar panel system costs approximately 10.000 AUD including 
installation (Byggahus.se, 2008). With the grant provided, which is approximately 1.240 AUD 
for this kind of system the total cost comes down to 8.760 AUD. The investment cost is then 
521.480 AUD. That is about 6 % more expensive than an ordinary house.  

This system will produce approximately one third of the energy need in an ordinary house 
(Byggahus.se, 2008). Referring to table 7, the energy use for an ordinary house (for heating 
and water heating) is 23.190 kWh per year. This means that this system will save 
approximately 7.730 kWh per year on water heating and heating. This will cover the whole 
energy need for both water heating and the heating of the passive house. See table below. 

The investment with solar panels will probably barely be paid back when it is time to change 
panels, approximately every 20 years (Byggahus.se, 2008), according to Mba-
värmesystem.se (2009). The analysis will answer to the question if the investment is 
profitable.  

Summary: 

Swedish passive house without solar panels: 

Source: Average energy use 
(kWh/year): 

Approximate cost (AUD): 

Investment cost - 512.720 
Heating 2.550 510 
Water heating 5.000 1.000 
Electricity usage 6.200 1.240 

Table 8: summary of the ingoing parameters for the Life Cycle Costs analysis for a Swedish 
passive house without solar panels. 

Swedish house with solar panels: 

Source: Average energy use 
(kWh/year): 

Approximate cost (AUD): 

Investment cost - 521.480 
Heating 2.550 0 
Water heating 5.000 0 
Electricity usage 6.200 1.240 

Table 9: summary of the ingoing parameters for the Life Cycle Costs analysis for a Swedish 
passive house with solar panels. 

Observe: the energy price in the calculations are 0.20 AUD per kWh (Tingvalla Bygg, 2009). 
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5.1.2.1 Summation 

The extra investment cost for building a passive house is approximately: 

 Without solar panels: 19.720 AUD. 

 With solar panels: 28.480 AUD. 

The annual savings is going to be approximately: 

 Without solar panels: 3.128 AUD. 

 With solar panels: 4.638 AUD. 

5.2 Australia 

The parameters considered are:  

 Investment cost for building the house 

 Heating/cooling 

 Water heating 

 Electricity usage, which includes electrical appliances, lighting, cooking, refrigeration 
and standby. 

5.2.1 Ordinary house 

According to Professor Shane Murray a gross building rate in Australia is approximately 900 
AUD per square meter. For the size of 170 m2 it comes to a total of 153.000 AUD. 

In the average Australian house there is today a need for both heating and cooling in the 
temperate climate zone due to a general standard bad insulation levels, single glass windows 
and draught construction. According to table 1 the energy used for heating and cooling for 
an ordinary, average, house is approximately 1.900 kWh per year. 

Energy used for heating of water is approximately 1.250 kWh per year (Reardon, 2008). 

The electricity usage is estimated to be 1.850 kWh per year (Reardon, 2008). 

Summary: 

Source: Average energy use 
(kWh/year): 

Approximate cost (AUD): 

Investment cost - 153.000 
Heating/Cooling 1.900 285 
Water heating 1.250 188 
Electricity usage 1.850 278 

Table 10: summary of the ingoing parameters for the Life Cycle Costs analysis for an average 
Australian house. 
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Observe: the energy price in the calculations are 0.15 AUD per kWh (Reardon, 2008). 

5.2.1.1 Summation 

Investment cost: 153.000 AUD 

Annual running costs: 751 AUD. 

5.2.2 Passive designed house 

To change to a passive designed house from an ordinary house make savings in all of the 
parameters. Further description follows in the text below. 

According to Ric Zen, Zen Architects 2009, it costs 5.000 AUD to upgrade their 5.3 star rated 
Butterfly House to 8 stars. That comes down to 10.4 AUD per square meter; per star rating 
(The Butterfly House is 174 square meter). The number is justified “per star rating” because 
5.3 stars actually is higher than the requirement of 5 stars, and a direct transformation 
based on only square meter price could be misleading. In our case, with 170 square meters 
and an assumed aim for an 8 star rating, it comes to a total of 5.428 AUD in extra 
investment. The investment then ends up being 158.428 AUD. 

Since there is only a need for a ceiling fan for cooling, and no need for heating, the number 
decreases. The number is from the source of Energy Australia, 2008. 

A change to a solar hot water system will save approximately 94 AUD per year according to 
Reardon, 2008. It is assumed that the number includes the consideration that solar panels 
have to be changed approximately every 20 years. 

Since low energy lighting is not regulated by law in Australia, as it is in Sweden, a change to 
more energy efficient lighting along with a change to appliances with a higher star rating 
could save 642 AUD per year on electricity bills (Reardon, 2008). 

Summary: 

Source: Average energy use 
(kWh/year): 

Approximate cost (AUD): 

Investment cost - 158.428 
Cooling 34 5 
Water heating 625 94 
Electricity usage 1.208 181 

Table 11: summary of the ingoing parameters for the Life Cycle Costs analysis for a passive 
designed Australian house. 

5.2.2.1 Summation 

The extra investment cost for building a passive designed home is approximately 5.428 AUD. 

The annual savings is going to be approximately 471 AUD. 
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6 RESULTS 

In this chapter the results from the comparative literature and case study, and the 
calculations in the Life Cycle Costs analysis are presented. 

6.1 Literature study 

The results are going to be divided in to three sections, one that describes the similarities 
between the two countries, one that describes the differences and one for the comparison 
of the case studies. These are presented in dot-points. 

6.1.1 Similarities 

 Both countries have an increasing house building standard set by each government 
that is constantly under development. 

 A high level of insulation is essential in both countries. In Sweden the main priority is 
to keep heat indoors, and in Australia to keep the heat outdoors. Insulation helps in 
both ways. But the level of insulation is different in the two countries, read more 
under differences. 

 Materials with high thermal mass are to be used in both countries to obtain a well 
functioning passive design.  

 A draught proof construction is another common characteristic.  

 An advanced cross-ventilation is of major importance to make the passive design 
concept work out well in both countries. 

 Passive solar design and the orientation perspectives of the house are performed 
approximately in the same way. That is for example to ensure solar access, expose to 
cooling summer breezes, protect from cold winter winds and pay attention to the 
environment. The only difference, due to different positions on the earth, is that the 
orientation is the opposite. North is the “warm” orientation in Australia and south in 
Sweden. 

 Design techniques are similar. This can be the design of the eaves, shading, window 
and glazing amounts and the placement of these areas, and the floor plan/zoning of 
the house. 
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6.1.2 Differences 

 Passive design techniques can be used in pretty much the same way with the 
exception that Australian houses has to able to be opened-up more easily compared 
to Swedish houses, due to really hot summer temperatures. That creates natural 
cross-ventilation that cools down the indoor climate.  

 The general standard of houses is much higher in Sweden than in Australia. This can 
be in perspective of the choice of materials, construction, insulation levels et cetera.  

 Australia is discharging much more greenhouse gas per capita than Sweden. The 
numbers are 26.9 tons per person compared to 7.4 tons per person. 

 Swedish ordinary houses uses a much higher share of the total energy use for a 
house for heating than Australian ordinary houses does for heating/cooling. For 
Sweden the number is 60 % and for Australia only 38 %. Building a passive designed 
house decreases the energy use a lot. For Sweden 15 kWh/square meter are required 
for heating in a perfect designed passive house, whilst it is in Australia only a need for 
0.20 kWh/square meter for the equivalent. 

 Since there is no need for cooling in Sweden, only for heating, a small radiator in the 
ventilation system has to be installed, and in Australia the opposite, a ceiling fan or 
an evaporative cooling system is a requirement for a desired level of cooling.  

 In Australia the use of double-glaze windows is quite unusual, however it is of 
absolute preference in passive designed houses. In Sweden double-glazed windows is 
standard, and the passive house windows often have triple-glazed windows. 

 The level of insulation is much higher in Sweden. This is because the R-value for the 
roof as an example has to be at least 10 m2 K/W in Sweden for a passive house, 
compared to an R-value of 3.7 m2 K/W for the equivalent in Australia. In Australia as 
much as 46 % of the households in the state of Victoria have no insulation at all 
today. In Sweden there are barely any houses without insulation. 

This result in different requirement for the thicknesses of the insulation in the 
different countries, see table below. 

Section: Sweden (mm) Australia (mm) Difference (mm) 

Roof 550 160 390 
Wall 450 85 365 
Floor 300 - 300 

Table 12: differences in insulation levels between Sweden and Australia.  

 The construction is in the base the same, but with different modifications. These are 
the major differences in the construction: 

o Roof: in Sweden both bulk insulation and loose fill insulation is used, in 
Australia only one layer of bulk insulation and in Australia a reflective foil is 
used to reflect the sun and decrease the heat level.   
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o Walls: in Sweden several layers of insulation and wooden framing system is 
used compared to single layers in Australia. The wall panel is also different, 
wood is most common in Sweden compared to brick veneer walls in Australia.  

o Floor: in Australia there is no need for floor insulation, whilst it is in Sweden. 
The flooring material in Sweden is mostly wood, and in Australia mat. 

 Building houses is significant cheaper in Australia compared to Sweden. In Australia 
an approximate building rate for an ordinary house is 900 AUD per square meter 
compare to 2.900 AUD in Sweden. Therefore Australians tend to build much bigger 
houses than Swedish people. 

 The energy price is lower in Australia, approximately 0.15 AUD per kWh, compared to 
a Swedish price of 0.20 AUD per kWh. 

 The interest rate for home loans is higher than in Sweden in general. 4.2 % for 
Sweden compared to 4.79 % for Australia.  

 When it comes to grants there are none in Australia for building a new passive 
designed house. There are only grants for replacing or improve existing houses. In 
Sweden there is one grant for buying and install solar panels for water heating and 
heating of the house. 

 It is a better accessibility to build a passive designed house in Sweden when it comes 
to the amount of offerings of building constructors/architects. The trend of the way 
of building passive houses in Sweden are that the whole process goes through bigger 
construction companies or house building companies, not through architect firms. In 
Australia passive designed houses seem to almost always be designed by architects 
or architect firms, and then built by a construction company. This makes the whole 
process much more expensive. 

6.1.3 Case studies 

 As a first statement it can be said that there are several advanced examples of using 
passive design and build sustainable from both countries. 

 The biggest differences are that in Australia there is more focus on water re-use and 
passive solar design. All of the Australian examples had a lot of more shading and 
more windows area than the Swedish ones and the floor areas where bigger in the 
Australian houses. 

 The things that was more significant for Sweden was the thick climate scale, the 
consistency in ingoing materials and in the more recent examples, a more open plan 
than the Australian houses. 

 Solar panels were used in all of the Australian examples, but not in all of the Swedish 
ones.  
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Figure 38: The “Esky-house” (Zen Architects, 2009). 

 The Lindås and the Malmborg examples from Sweden both look a little boxy and 
remind a bit of an “esky”. The Westholm project looks really traditional, with more 
and bigger windows than the other two, and could easily be taken for an ordinary 
house. 

 The Australian projects are more alike each other. Shading, large amount of 
windows, clear connections between indoors and outdoors and a more open 
impression. 

6.2 Life Cycle Costs 

The relations between the square meter price for a passive designed house and the square 
meter price for an ordinary house in the different alternatives are as follows: 

Alternative: Calculation: Result: 

Sweden – without solar panels 512 720 / 493 000 1.04 
Sweden – with solar panels 521 480 / 493 000 1.06 
Australia 158 428 / 153 000 1.04 

Table 13: Table over the investment relationships. 

The charts and the results when it comes to Payback time and Capital Value Quota in the 
two different methods, the Payback and the Net Present Value method, are to be found in 
the following subchapters. 
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6.2.1 The Payback method 

 

 

Figure 39: Chart over the Payback time for a Swedish passive house without solar panels. 

The Payback time is going to be six years and four months. 

 
Figure 40: Chart over the Payback time for a Swedish passive house with solar panels. 

The payback time is going to be six years and two months. 



55 
 

 

Figure 41: Chart over the Payback time for an Australian passive designed house. 

The Payback time is going to be 11 years and seven months. 

 

 

Figure 42: Chart over the Payback times for both countries. 
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6.2.2 The Net Present Value method 

Explanation to the charts below: 

 The column to the far left is the extra investment cost; therefore it has a negative 
value. 

 The other columns stand for the annual net cash flow. 

 In the chart for the Swedish solution with solar panels some unevenness in the 
columns for the annual net cash flow appears; this is due to the new investment of 
solar panels every 20 years. 

 
Figure 43: Chart over the Net Present Value method for a Swedish passive house without 
solar panels. 

The summation of the Net Present values is: 560.349 AUD  

That gives a Capital Value Quota of 28.42 
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Figure 44: Chart over the Net Present Value method for a Swedish passive house with solar 
panels. 

The summation of the Net Present values is: 814.878 AUD 

That gives a Capital Value Quota of 28.61 

 
Figure 45: Chart over the Net Present Method for a passive designed house in Australia. 

The summation of the Net Present values is: 61.402 AUD 

That gives a Capital Value Quota of 11.31 
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Figure 46: Comparison chart over the Net Present Value method.
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7 DISCUSSIONS 

In this chapter, the discussions chapter, an investigation of if the purposes and goals for the 
Thesis have been reached is performed. A critical review and discussion of the results will 
also be made. Proposals for future research are also included in this part. 

To make it more over-seeable the chapter has been divided into the following subchapters: 
literature study, Life Cycle Costs and proposal for future research. 

7.1 Literature study 

The following discussion is based on the literature survey along with interviews.  

As a first, quick, statement it has to be said that Sweden are a lot ahead of Australia in the 
sustainable development area and passive design. It is an easy statement to make, but it is 
more interesting to look into why this is the case?  

It is difficult to compare the two countries that have so different prerequisites. Australia is 
compare to Sweden a pretty new nation. It was colonized as late as during the 1700 – 1800 
centuries by the Great Britain, before that it was only the native aboriginals who lived there, 
and it was declared a nation in the early 1900 century. The British brought their building 
culture but it was not adapted to the Australian climate. So no wonder Australia is a little bit 
“behind”.  

Development takes time and Australia has not had the same amount of time to do this as 
Sweden. In today´s societies both countries are developing their building standards to higher 
levels all the time, Australia might even do this in a higher tact. They introduced the 5-star 
system in 2006 and already next year, 2010, it will be increased to a 6-star standard. 

Since the passive design concept was invented in Europe, and it is the continental where it is 
most common and developed, this contributes to the fact that Sweden is more developed 
than Australia in this area. It always takes time for things to spread over the globe, and since 
Australia is pretty much on the other side of the globe, the delay has to be expected.  

The opportunities and offerings are due to this fact so much more accessible in Sweden 
compared to Australia. Swedish companies have had a better chance to develop and are 
able to offer the costumers a more profitable solution. The competition is also much higher 
in the sustainable building area in Sweden; this forces the companies to bring their prices 
down.  

Sweden is one of the most environmental aware countries in the world, with big focus on 
sustainable development and low emissions of greenhouse gases per person. Australia 
actually is the “worst” today when it comes to emission of greenhouse gases per person in 
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the developed world. Australia is still dependent on coal and gas, which both are non-
renewable resources. This affects the building/construction industry. The opposition is hard 
to change, so the construction industry in Australia has a much tougher work ahead of them 
to try to make people chose more environmental friendly solutions and to realize the profits. 
An industry makes what the costumers asks for, and if no costumers asks for houses with 
environmental sustainable design solution, no company will offer it. 

It is also cheaper with electricity, much cheaper to build houses and a less need of energy in 
Australia. This makes the costs much lower and the end result is more marginal than a 
Swedish change to a more sustainable way of living. The profit is so much bigger and clearer 
in Sweden, and it is easier to prove to people that an investment is worth it. 

Another really big difference is the difference in climate between the two countries. Sweden 
has cold winters with snow, mild summers, no water shortage compare to Australia with hot 
summers, mild winters and a critical groundwater situation. This makes a lot of natural 
differences between the countries in the way of building houses. The clearest difference 
between the ways of construct passive designed houses is the fact that Australian houses 
have to have the opportunity to be opened up to gain passive cooling. Swedish passive 
houses rely more on a sealed envelope way of thinking. A Swedish house has to have a high 
level of insulation and double-glazed windows to be functional, Australian houses do not. 
The way of constructing houses, choice of materials and amounts of materials are always 
going to be different in the two countries, it is natural due to the climate differences. That is 
also why the energy need is so different in the different countries.  

The same thing explains why Australia is more focused on solar systems and passive solar 
design, since they have a much higher efficiency in Australia than in Sweden. And the 
temperate zone in Australia has been struggling with low groundwater levels for a long, 
time. In Sweden the water situation is stable and not a high risk priority. 

When there in Sweden could be a choice to add some extra insulation, make the 
construction extra draught-proof, change ventilation system and change window-type, the 
choices in Australia are much more comprehensive. Grown up in Australia, in a house with 
single-glaze windows, no insulation whatsoever, a gas heating system and clear, cold, 
draught from floors, windows, doors and even walls, it such an difference to upgrade the 
home to one with passive design. There are many changes that have to be made, and the 
step to do this is much bigger for Australians than for Swedes.  

Since the building code of Australia is going to set up higher and higher levels for building 
houses, the extra cost for building a passive designed house in Australia are going to shrink 
as time passes by, and it is going to be more and more profitable to live in a passive designed 
house for Australians. 

The investigated case studies confirm that a house does not have to look different to normal 
ones just because it is passive designed. Early Swedish examples might look like “eskys” 
however development brings design forward.  

One other thing that comes with living in a passive designed house is that it demands some 
attention from its inhabitants. Education and a change of routines for the inhabitants might 
be necessary for making the passive design work out at its best. The attitude against this can 
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sometimes be negative, but when the inhabitants truly understands the privileges of the 
passive design, it is much easier to make the small sacrifices in form of for example taking 
time to adjust the settings on the cross-ventilation. 

The biggest issue is that Sweden the main priority is to keep heat indoors, and in Australia to 
keep the heat outdoors. This is no excuse for any of the countries not to wanting to build 
houses designed for the future, since the passive design concept is working for both 
purposes.  

7.2 Life Cycle Costs 

The calculations show “black on white” how profitable passive designed housing is. 

The first simple comparison, the relationship between square meter prices, tells that the 
differences between the countries are not that big. One have to pay approximately 4 - 6 % 
more per square meter to upgrade the future home to a house with passive solutions. 

The Payback method confirms that the time it takes to earn up for the extra investment is 
longer in Australia than in Sweden. This also contributes to the fact that it is much more 
profitable to live in a passive designed house compared to an ordinary house in Sweden than 
in Australia. For the two Swedish alternatives there was only a difference of two months in 
Payback time, to the alternative with solar panels advantage. But since the Payback method 
was made on the basis with no respect to interest rate, the Net Present Value contains more 
exact and valuable information. 

Since all of the alternatives where paid back during the economical lifetime, they are all 
considered being profitable. 

This fact is also confirmed in the Net Present Value method, since all of the alternatives had 
a Capital Value Quota above the value of one. First now it can for sure be determined if the 
solar panel system for Sweden is profitable or not. And since the alternative with solar 
panels had a slightly higher Capital Value Quota than the alternative that didn’t use solar 
panels, this alternative is the one that will be the best one to go for in a Life Cycle 
perspective. Solar panels are also a more environmental-friendly solution than ordinary 
electricity.  

The difference between the Capital Value Quotas is pretty high between the two countries. 
For Sweden the value is almost 29, and for Australia about 11.3. This is probably the one 
relation in the whole analysis that tells the most about the relation between the countries. 
The Swedish passive house gives almost 29 times the money back per investment dollar 
during its economical lifetime and the Australian passive designed house 11.3 times the 
money. 

The summation of the Net Present Values is also much higher for Sweden, naturally, than for 
Australia.  

It is much easier to see now, some of the reasons why passive designed housing is more 
unusual in Australia compared to Sweden and why it has been taking longer time for 
Australians to start building more sustainable. 
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An interesting thought, if the whole Australian population, which is much higher than the 
Swedish one, would change to passive designed homes, maybe almost the same amount of 
energy and emissions of greenhouse gases could be saved, as if Sweden would do the same. 
And since Australia are letting out so much greenhouse gases today, they will need start 
making a lot of improvements, and passive designed housing is a good way contribute to a 
part of the changes. 

7.3 Proposal for future research 

Since this thesis only considers detached houses it could be interesting to do investigations 
about apartment building, offices and official buildings in the same perspective. 

Another interesting research project could be to compare between the “whole nations”, like 
if all Australians changed to passive designed houses and all Swedes, how much energy 
could be saved in comparison?  

Solar panels are also a really interesting area of study that could be developed a lot, 
especially in Australia where the fundamentals are perfect.  
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8 CONCLUSION 

The purpose of the Master´s Thesis was to investigate the differences and similarities and 
the economical conditions for two very different countries when it comes to passive design 
and sustainable development. On the basis of the stated research questions the following 
conclusions can be made: 

Research question 1: What are the differences between a passive designed house design in 
Sweden and Australia? 

The clearest difference is the amount of insulation. A Swedish passive house need much 
more insulation and in several layers, when Australian houses only need one layer. There is 
also a difference of the type of insulation. In Australia bulk insulation is used for both walls 
and roof, whilst in Sweden loose fill insulation is used as a complement to the bulk insulation 
in the roof. 

Another difference is that in Swedish walls there is a need for a double wooden frame, due 
to the number of insulation layers, compared to a single frame in Australia. And in Australia 
there is a need for an added reflective foil in the roof to prevent the house to be to warm in 
the summer. Another addition for a Swedish passive house is the use of triple-glazed 
windows compared to Australian double-glazed windows. 

Since passive solar design is much more of an advantage in Australia, the amount of 
windows are higher than in Sweden. And the opened-up design is a must in Australia whilst 
it in Sweden is better with a “sealed-envelope-thinking”.  

Otherwise the design solutions, such as shading, zoning, eaves, location of thermal mass et 
cetera are pretty much the same for the both countries.  

Research question 2: What do the opportunities look like for a private person to build a house 
with passive design in the two countries? 

When it comes to loan conditions the opportunities are pretty much the same, just for the 
moment the Australian interest rate is higher than the Swedish one. Grants and discounts 
are in general for making improvements and change existing systems for both countries, but 
Sweden has a grant for installing solar panels in new-built homes, which Australia so far only 
offers to people who wish to change from an existing system to solar panels. 

Focusing on the opportunities and the accessibility, they seem to be better in Sweden. Most 
of the sustainable designed houses in Australia are designed by architects, on commission of 
the future inhabitants and then build and constructed by another firm. This makes the whole 
procedure more expensive. In Sweden on the other hand there are several big building 
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companies focused on passive design. It has been worked with for a longer while in Sweden, 
and therefore there are more choices and bigger competition. 

A statement is that in Australia in position of a costumer; one has to be more aware of what 
is desired if one wants a passive designed house. The costumer has to know quite a few 
things about passive design, and then an architect could help out with the completion of the 
house. In Sweden the knowledge is higher in general about passive design, and there is a 
higher grade of education in this area amongst the construction companies. 

Research question 3: How much, in comparison, is there to save in the two countries when 
building a passive designed house and living there for a longer term? 

In Sweden the investment of building a passive house will regain almost 29 times the extra 
money spent on the investment back in form of lower energy related bills during the house´s 
economical lifetime. 

For Australia the same number is approximately 11.3. This means if one spend for example 
an extra 5.000 AUD on the extra additions that a passive designed house contributes to, 
after 75 years, the economical lifetime, approximately 57.000 AUD have been saved. This 
number considers inflation, home loan interest rate and increasing energy price. 

Research question 4: Which are the major different points of views to the sustainable 
development issue and passive house design in the two countries and is there something to 
learn from one another? 

In Australia in general people and companies are not as sustainable development orientated 
as Swedish ones. Since Australia is discharging so much greenhouse gases compared to 
Sweden it is a strong sign that the country is not as environmental-friendly.  

The biggest reasons why these differences occur is due to different social and cultural 
values, but also a difference in historical perspectives, economics and climate. Since 
Australia is such a new nation compared to Sweden and the population does not seem to be 
as aware as the Swedish one, the changes are taking longer time to strike. But the biggest 
reason why sustainable housing has not hit harder in Australia might be because the fact 
that there is not as much to save as it is in Sweden. It can be hard to make the extra effort to 
build a passive designed house when the annual savings are less than 500 AUD and the 
investment is 4 % higher, even though it turns out to be profitable in the long run. For 
Sweden, where the annual savings could be over 4.600 AUD with an extra investment cost of 
6 %, which is paid back in about half the time as the Australian alternative, it is a much more 
profitable and tempting solution.  

The things that these two countries could learn from one other are more connected to 
smart, original, solutions made in specific projects, than an all-embracing passive design 
revolution. One example is the solution with the butterfly-roof in the Butterfly-house from 
Zen Architects. Both countries know how to build sustainable and with passive design, it 
seems to be just a matter of seeing the profits and decide if the investment it is worth it or 
not. 
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Every single move to help stopping global warming and save energy should be welcomed, 
even the really small ones. That is something everyone should consider when building a 
home, and since passive designed housing comes with a profit, there is no reason not to. 
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APPENDIX A – The Payback method 

Sweden - without solar panels 

Sweden - without solar panels I a           

Year 0 1 2 3 4 5 6 

Annual net cash flow -19720 3128 3128 3128 3128 3128 3128 

Accumulated -19720 -16592 -13464 -10336 -7208 -4080 -952 

                    

7 8 9 10 11 12 13 14 15 16 

3128 3128 3128 3128 3128 3128 3128 3128 3128 3128 

2176 5304 8432 11560 14688 17816 20944 24072 27200 30328 

                    

17 18 19 20 21 22 23 24 25 26 

3128 3128 3128 3128 3128 3128 3128 3128 3128 3128 

33456 36584 39712 42840 45968 49096 52224 55352 58480 61608 

                    

27 28 29 30 31 32 33 34 35 36 

3128 3128 3128 3128 3128 3128 3128 3128 3128 3128 

64736 67864 70992 74120 77248 80376 83504 86632 89760 92888 

                    

37 38 39 40 41 42 43 44 45 46 

3128 3128 3128 3128 3128 3128 3128 3128 3128 3128 

96016 99144 102272 105400 108528 111656 114784 117912 121040 124168 

                    

47 48 49 50 51 52 53 54 55 56 

3128 3128 3128 3128 3128 3128 3128 3128 3128 3128 

127296 130424 133552 136680 139808 142936 146064 149192 152320 155448 

                    

57 58 59 60 61 62 63 64 65 66 

3128 3128 3128 3128 3128 3128 3128 3128 3128 3128 

158576 161704 164832 167960 171088 174216 177344 180472 183600 186728 

                  

67 68 69 70 71 72 73 74 75 

3128 3128 3128 3128 3128 3128 3128 3128 3128 

189856 192984 196112 199240 202368 205496 208624 211752 214880 

 



 
 

Sweden - with solar panels 

Sweden - with solar panels I a           

Year 0 1 2 3 4 5 6 

Annual net cash flow -28480 4638 4638 4638 4638 4638 4638 

Accumulated -28480 -23842 -19204 -14566 -9928 -5290 -652 

                   

7 8 9 10 11 12 13 14 15 16 

4638 4638 4638 4638 4638 4638 4638 4638 4638 4638 

3986 8624 13262 17900 22538 27176 31814 36452 41090 45728 

                    

17 18 19 20 21 22 23 24 25 26 

4638 4638 4638 4638 4638 4638 4638 4638 4638 4638 

50366 55004 59642 55520 60158 64796 69434 74072 78710 83348 

   New solar panels!      

                    

27 28 29 30 31 32 33 34 35 36 

4638 4638 4638 4638 4638 4638 4638 4638 4638 4638 

87986 92624 97262 101900 106538 111176 115814 120452 125090 129728 

                    

37 38 39 40 41 42 43 44 45 46 

4638 4638 4638 4638 4638 4638 4638 4638 4638 4638 

134366 139004 143642 139520 144158 148796 153434 158072 162710 167348 

   New solar panels!      

                    

47 48 49 50 51 52 53 54 55 56 

4638 4638 4638 4638 4638 4638 4638 4638 4638 4638 

171986 176624 181262 185900 190538 195176 199814 204452 209090 213728 

                    

57 58 59 60 61 62 63 64 65 66 

4638 4638 4638 4638 4638 4638 4638 4638 4638 4638 

218366 223004 227642 223520 228158 232796 237434 242072 246710 251348 

   New solar panels!      

                

67 68 69 70 71 72 73 74 75 

4638 4638 4638 4638 4638 4638 4638 4638 4638 

255986 260624 265262 269900 274538 279176 283814 288452 293090 

 



 
 

Australia 

Australia I a             

Year 0 1 2 3 4 5 6 7 

Annual net cash flow -5428 471 471 471 471 471 471 471 

Accumulated -5428 -4957 -4486 -4015 -3544 -3073 -2602 -2131 

                    

8 9 10 11 12 13 14 15 16 17 

471 471 471 471 471 471 471 471 471 471 

-1660 -1189 -718 -247 224 695 1166 1637 2108 2579 

                    

18 19 20 21 22 23 24 25 26 27 

471 471 471 471 471 471 471 471 471 471 

3050 3521 3992 4463 4934 5405 5876 6347 6818 7289 

                    

28 29 30 31 32 33 34 35 36 37 

471 471 471 471 471 471 471 471 471 471 

7760 8231 8702 9173 9644 10115 10586 11057 11528 11999 

                    

38 39 40 41 42 43 44 45 46 47 

471 471 471 471 471 471 471 471 471 471 

12470 12941 13412 13883 14354 14825 15296 15767 16238 16709 

                    

48 49 50 51 52 53 54 55 56 57 

471 471 471 471 471 471 471 471 471 471 

17180 17651 18122 18593 19064 19535 20006 20477 20948 21419 

                    

58 59 60 61 62 63 64 65 66 67 

471 471 471 471 471 471 471 471 471 471 

21890 22361 22832 23303 23774 24245 24716 25187 25658 26129 

                

68 69 70 71 72 73 74 75 

471 471 471 471 471 471 471 471 

26600 27071 27542 28013 28484 28955 29426 29897 

 



 
 

APPENDIX B - The Net Present Value method 

Sweden - without solar panels 

Sweden - without solar panels I a           

Year: 0 1 2 3 4 5 6 

Annual net cash flow -19720 3128 3284 3449 3621 3802 3992 

Net Present Value -19720 3046 3114 3184 3255 3328 3402 

                    

7 8 9 10 11 12 13 14 15 16 

4192 4401 4621 4853 5095 5350 5617 5898 6193 6503 

3479 3557 3636 3718 3801 3886 3973 4062 4153 4246 

                    

17 18 19 20 21 22 23 24 25 26 

6828 7169 7528 7904 8300 8714 9150 9608 10088 10593 

4341 4438 4538 4639 4743 4849 4958 5069 5183 5299 

                    

27 28 29 30 31 32 33 34 35 36 

11122 11678 12262 12875 13519 14195 14905 15650 16432 17254 

5417 5539 5663 5790 5919 6052 6187 6326 6468 6612 

                    

37 38 39 40 41 42 43 44 45 46 

18117 19023 19974 20972 22021 23122 24278 25492 26767 28105 

6760 6912 7067 7225 7387 7552 7721 7894 8071 8252 

                    

47 48 49 50 51 52 53 54 55 56 

29510 30986 32535 34162 35870 37664 39547 41524 43600 45780 

8437 8625 8819 9016 9218 9424 9636 9851 10072 10298 

                    

57 58 59 60 61 62 63 64 65 66 

48069 50473 52996 55646 58428 61350 64417 67638 71020 74571 

10528 10764 11005 11251 11503 11761 12024 12294 12569 12851 

                   

67 68 69 70 71 72 73 74 75  

78300 82215 86325 90642 95174 99933 104929 110176 115684 SUM: 

13138 13433 13733 14041 14355 14677 15006 15342 15685 560349 

                CVQ: 28,41525 

 



 
 

Sweden - with solar panels 

Sweden - without solar panels I a           

Year: 0 1 2 3 4 5 6 

Annual net cash flow -28480 4638 4870 5113 5369 5638 5919 

Net Present Value -28480 4516 4617 4721 4826 4934 5045 

                    

7 8 9 10 11 12 13 14 15 16 

6215 6526 6852 7195 7555 7933 8329 8746 9183 9642 

5158 5273 5392 5512 5636 5762 5891 6023 6158 6296 

                    

17 18 19 20 21 22 23 24 25 26 

10124 10630 11162 -78 12306 12921 13567 14246 14958 15706 

6437 6581 6728 -46 7033 7190 7351 7516 7684 7857 

   New solar panels!      

                    

27 28 29 30 31 32 33 34 35 36 

16491 17316 18182 19091 20045 21047 22100 23205 24365 25583 

8032 8212 8396 8584 8777 8973 9174 9380 9590 9804 

                    

37 38 39 40 41 42 43 44 45 46 

26862 28206 29616 15206 32651 34284 35998 37798 39688 41672 

10024 10248 10478 5238 10953 11198 11449 11705 11967 12235 

   New solar panels!      

                    

47 48 49 50 51 52 53 54 55 56 

43756 45944 48241 50653 53186 55845 58637 61569 64648 67880 

12509 12789 13076 13369 13668 13974 14287 14607 14934 15269 

                    

57 58 59 60 61 62 63 64 65 66 

71274 74838 78580 61106 86634 90966 95514 100290 105304 110569 

15610 15960 16318 12355 17057 17439 17829 18228 18637 19054 

   New solar panels!      

                   

67 68 69 70 71 72 73 74 75  

116098 121903 127998 134398 141118 148174 155582 163361 171530 SUM: 

19481 19917 20363 20819 21285 21762 22249 22748 23257 814878 

        CVQ: 28,6123 

 



 
 

Australia 

Australia I a           

Year: 0 1 2 3 4 5 6 

Annual net cash flow -5428 471 495 519 545 573 601 

Net Present Value -5428 456 464 471 479 487 495 

                    

7 8 9 10 11 12 13 14 15 16 

631 663 696 731 767 806 846 888 933 979 

503 512 520 529 537 546 555 565 574 583 

                    

17 18 19 20 21 22 23 24 25 26 

1028 1080 1134 1190 1250 1312 1378 1447 1519 1595 

593 603 613 623 633 644 654 665 676 687 

                    

27 28 29 30 31 32 33 34 35 36 

1675 1758 1846 1939 2036 2137 2244 2357 2474 2598 

699 710 722 734 746 759 771 784 797 810 

                    

37 38 39 40 41 42 43 44 45 46 

2728 2864 3008 3158 3316 3482 3656 3838 4030 4232 

824 837 851 865 879 894 909 924 939 955 

                    

47 48 49 50 51 52 53 54 55 56 

4444 4666 4899 5144 5401 5671 5955 6253 6565 6893 

970 987 1003 1019 1036 1054 1071 1089 1107 1125 

                    

57 58 59 60 61 62 63 64 65 66 

7238 7600 7980 8379 8798 9238 9700 10185 10694 11229 

1144 1163 1182 1201 1221 1242 1262 1283 1304 1326 

                   

67 68 69 70 71 72 73 74 75  

11790 12380 12999 13648 14331 15047 15800 16590 17419 SUM: 

1348 1370 1393 1416 1439 1463 1487 1512 1537 61402 

                CVQ: 11,31207 

 



 
 

APPENDIX C – INTERVIEW QUESTIONS 
1. What is the name of the project? 

2. Can you please describe the project, what was special about it, whose initiative was 
it, how did the planning procedure go et cetera? 

3. Where is it located? 

4. When was it built? 

5. How much is the energy use (kWh per square meter)? 

6. How big is it? 

7. What kind of materials was used in the construction? Insulation, construction type, 
façade type et cetera. 

8. Is there any special solutions made for this house? For example, does it have solar 
panels, evaporative cooling or a water re-using system? 

9. Was/is there any problems with the house? 

10. What are the houses inhabitant’s thoughts and views about their home? 




