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SUMMARY

This paper aims to quantitatively evaluate the issues of lifestyle, energy use and embodied energy, in
a typical household in a temperate zone.

Technical research into energy in buildings previously has focussed on two aspects: the embodied
energy in materials used in construction and in the energy used to heat and cool a building.

This paper draws together these two areas of study and evaluates them in terms of typical lifestyles in
a structured way, to form a hybrid framework for a holistic accounting process to assist decision
making. The power of computer modelling programs is used and the results evaluated in the context
of lifestyle and economics. The BHP Steel LISA program, which assesses the impact of the materials
used, is linked to NatHERS, a program used to analyse comfort and energy use.

The method developed allows analysis that can verify benefits of various strategies that previously
had no clear method of design due to the inherent complexity of residential design in temperate
climates.

INTRODUCTION

Energy is the currency of life. Biologically, plants convert the sun's energy in chemical reactions which
is food energy for human life in a symbiotic cycle.

There is an intrinsic interconnection between embodied energy and utilization energy. Luis Fernadez-
Galiano in his book "Fire and Memory" (Fernadez Galiano,1991) illustrates this point with the story of
the tribe that comes to a clearing and has to decide whether to use the trees to heat themselves or to
build a shelter.  Both, of course, require human labour.  This paper will extend the analogy to say that
by using energy to build the shelter and the energy that the tree could potentially deliver in terms of
heating, the tribe would need less timber to keep warm.

In a house the interior temperature is determined by the flow of energy through the fabric to establish
a steady state. If the doors and windows are left open the interior will very quickly attain the exterior
temperature. There is also a continous flow of heat energy through the walls.  Heat energy comes
from both the activities of the occupants and the sun.

The walls themselves are raw materials transformed by energy and human intent. This energy can be
used to form appropriate structures that can control heat transfer.

Energy is the currency of work. It is used when we do things our lifestyle demands. In input/output Life
Cycle Analysis, the exchange of goods and energy is used to establish the embodied energy of things.
There is a correlation between carbon dioxide emissions and the average expenses of the household,
because to provide services energy must be used, and the consequence of energy being used is
carbon dioxide production, even in human respiration. The correlation is not exact due to variations in
the energy source, the level of energy used to provide a service and the efficiency of the energy
delivered. (Figures 1&2).

Economics is a measure of trade or the exchange of goods. Unless each individual is self sufficient,
there must be an exchange of goods or money and therefore the accounting of the cost of things
cannot be ignored.
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METHOD

To study the relationship between embodied energy, utilization energy and cost, a case study was
selected and entered in BHP SteelÕs LISA program and in NatHERS. The building cost figures came
from the Australian Construction Handbook (Rawlinsons, 1991).

BHP SteelÕs LISA program accesses a data base of the impact of the manufacturing process of
materials with five key indicators including energy and greenhouse gas emissions. In Life Cycle
Analysis the system boundaries are critical. These figures are for the manufacturing process only and
do not take into account the industries that support the processes; these increase the figures (Treloar
1998).

Figure 3 Plan of Case Study House

NatHERS allows the modelling of thermal performance in three zones in a climate with a standard
family. This study begins with this program as many Local Authorites require ratings using Nathers.
Designed as a national energy rating tool to assess mass produced housing, it has modelling
limitations. It is, however, a useful tool to understand the possible effect of various strategies.

The study aimed to show the cost and benefit of measures to improve a residenceÕs thermal
performance without altering the design. This analysis assumes that the case study house design has
generally optimised orientation. It is first assumed to be constructed as a standard project home; slab



on ground, timber framed brick veneer, timber truss roof and metal sheet roof. Then in a cumulative
manner strategies are adopted and the embodied energy, cost and ultization saving are calculated for
each. Strategies that had no thermal benefit were discarded.

CASE STUDY

The case study is a prototype energy efficient house by architect Glen Spicer, procured through a
competition held by Landcom and built in Metford NSW. It has a net floor area of 182 m2. The house
was chosen as a case study, as it was both a conscious attempt at passive solar design and could still
be considered a typical suburban house.

Embodied energy to save Utilization Energy

The addition of energy saving devices adds embodied energy and cost to the basic production driven
economically constructed project home.

Figure 4 shows that while some strategies marginally reduced the embodied energy, considered
additions of embodied energy offered savings in utilization energy. The yearly energy figures from
NatHERS, which are a measure of the potential to heat or cool to comfort were normalised to reflect a
realistic energy usage, as NatHERS figures do not account for the efficiencies of fuel or appliance type
or for patterns of energy use. As these vary, this study assumes energy values of one third of the
NatHERSÕ figures based on average energy use (CSIRO 1999). Refer to Figure 10.
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14 Wall + R0.5=R2.5

15 Med to Light roof

16 A Mud brick

17 B. Rev Brick Veneer

18 Rev BV Living only

19 Steel Parasol roof

20 Add Brick Fence

21 Remain Dble Glaze
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Figure 4 Embodied energy per year over 50 year life and utilization energy per year

Assuming that all strategies are adopted for the house except the steel parasol roof and that we
replace the brick fence with a hedge, then there is a net addition of 1,950MJ. This figure is an addition
of 37,600MJ but is reduced by tiling the living area instead of carpeting (19,000MJ) and replacing
aluminum windows with timber (16,600MJ). With the NatHERs figures reduced to a third to reflect
current average energy usage, over 50 years the household (or sucession of households) have saved



12,000MJ in model 21 compared to the same hypothetical household in the original model. The
energy pay back period is only a little over 8 years. However that figure for the embodied energy only
considers the direct process energy. Figures by Graham Trealor and Rodger Fay (Treloar 1998)
suggest the figure could be four times larger. In this case the payback period would be 35 years. As it
is most likely the house will actually exist for 100 years, this is worthwile.

Impact at Construction to reduce impact during use.

Due to the different emissions of 'greenhouse' gases of different fuel sources, the embodied energy is
not a true indicator of environmental impact.  In Tasmania electricity produces 0.002kg carbon dioxide
per kWh with each kWh giving 3.6MJ. In NSW each kWh (3.6MJ) of electricity produces 0.968 kg of
carbon dioxide (AIE 2001).  The impacts graphed in Figure 5 are calculated based on the case study
house being located in NSW and using electricity as the energy source.

Assuming that all strategies are adopted for the house except the steel parasol roof, and, the brick
fence is replaced with a hedge, then there is a net additional embodied energy emission of 9 tonnes of
carbon dioxide equivalent gases in Model 21 compared to the Original. Assuming that electricity is the
source of energy, which is a worse case, and those in Model 21 live to the same level of comfort, then
in each year there is a saving of 4.9 tonnes Carbon Dioxide equivalent in Model 21.

The emissions due to construction would be higher if the materialsÕ boundary of analysis was
broadened. The energy used has different sources and therefore different impacts. However, for the
purposes of comparison, it may be assumed as in the calculations above, that the emissions would
increase by a factor of four. In this case there is still a payback period of under 8 years. Even
assuming that the house has a steel framed parasol roof, the payback is under 24 years. If gas
constitutes two thirds of the energy at a quarter of the impact of electricity (CSIRO 1999) equating to
2.45 tonnes C02-e, then the pay back period of 8 years would increase to 14 years.
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Figure 5 CO2Ðe for building per year distributed over 50 years and annual emissions per year.
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Figure 6 Cost of house per year over 50 years against projected yearly energy cost.

Initial cost to save annual expense

The  economic benefits are the least clear. Figure 6 shows the cost per year of the building work for
each strategy distributed over 50 years compared to the cost of electricity in one year to heat and cool.
It appears that only insulating the roof and walls and obtaining extra thermal mass to the North by
swapping tiles for carpet are economically viable. The reason for this can be seen in Figure 1. The
household fuel and power bill is a very small percentage of the expenditure. The inhabitants of the
original Model spend $617 per year to heat and cool their house and in Model 21 they spend $43. The
difference is approximately the average weekly household income (ABS). However, if individuals wish
to invest in their future there is a point where the investment in thermal strategies does pay back in
terms of accumulated annual savings.

Dividing the total cost of each model by 50 years is possibly too simplistic. While we can reasonably
predict the short term cost of the energy that will be used and the emissions generated, the time value
of money over 50 years is less predictable. Manufacturing processes and energy delivery change
slowly due to the time involved and cost of investing in research and building plant or producing new
more efficient heating or cooling devices. However interest rates continually change.
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Figure 7 Possible model of life cycle costs



Figure 7  shows the adjusted value of the extra money initially spent as time passes graphed against
the accumulated savings of model 21 over the original. I have applied an inflation of 2% to the cost of
power which is possibly conservative, though the cost of power in NSW has actually decreased in real
terms in the last  ten years. I have assumed also a low figure for the value of growth of invested
money over time of a rate of 2% per year, that being an estimated difference between inflation and
residential investment returns. If one argues that preventing young families spending money on
entertainment and redirecting that money into investment in their home is as good as their investing in
a term deposit account, this figure could be much higher. The Figure 7 graph shows the family
incorporating all strategies, except the steel parasol roof and the fence at an extra cost of $31,000
over and above a basic home cost of $108,000. In this worst case scenario after 10 years the $31,000
is now equivalent to having invested $25,450 and they have saved $6,320. After 25 years the $31,000
is equivalent to having invested only $18,890 at the time of construction and they have saved $18,810
over the years in energy costs, or in other words it has paid back. In a lifetime of 50 years their initial
investment is valued at $11,500 and has saved them $52,600, a net saving of $41,100. These figures
assume that their level of energy use remains constant.

The payback of 25 years calculated could be better seen as a range from 20 to 30 years. Even the
optimistic 20 year payback requires a shift in thinking by a generation that wants everything now. The
the argument of ÒOur Common FutureÒ (World Commission on Environment and Development, 1990)
is that affluent nations are in a position to spend money to develop energy efficient technology. The
debate over the environment and the use of resources can be seen as an attempt to combat the
dominance of the ecomomics of the present and develop a consideration of the future.

Comfort

Even in the house with all the possible strategies employed, for 10% of the time the spaces are
modelled to be out of the prescribed comfort zone of 12-25 Deg.C in the Bedrooms and 18-25 Deg. C
in the living room.
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Figure 8 Percentage of time in Comfort Zone

The effect of the strategies is shown in the reduction of the range modelled. The Program predicts that
Model 20 of the house with all of the strategies in place reaches a maximum of 30 deg. C and a
minimum of  16 deg.C.

0

5

10

15

20

25

30

35

40

1 2 3 4 5 6 7 8 9 10 11 13-

14

18 19 20

MODEL

D
E

G
R

E
E

S
 C

E
LS

IU
S

Minimum

Maximim

Figure 9 Maximum and Minimum internal Temperature



INSULATION

The purpose of the analysis was also to examine the effectiveness of individual strategies. NatHERS
is a simple modelling tool and therefore has significant limitations. It does not model the complexity of
microclimate identified as a significant issue (Gokhale, 1997). It also does not model the effect of
ventilation strategies.

The strategies that NatHERS shows have the greatest reduction of energy needed to heat or cool to
comfort, are insulation strategies including R3 in roof, a maximum of R2.5 in walls, window coverings
and double glazing. It seems also that for the thermal mass strategies of concrete floor and reverse
brick veneer to the north the programmers have assumed heat gain through glazing. The programÕs
algorithms also assume hypothetical occupants close the windows appropriately.

Insulation comes from the Latin "insula" meaning Island. These insulation modifications of the
envelope are strategies for isolating the household from the environment. Figure 6 shows the Model
21 householder can close the house and use an air conditioner and create a reasonable level of
comfort at a cost of around $50 per year. This is a lifestyle choice.

This household invests in a pergola. The more the household uses the exterior space, the less they
live inside the insulated box. There is a scenario where the household only uses the insulated box for
shelter in adverse weather conditions and sleeping. The percentage of time spent in the house as an
insulated box should be investigated in relation to the value of the investment in the strategies. This
area needs further research.

DISCUSSION

NatHERS for the temperate region (Climate 15) indicates for a house to be performing at a 5 star
rating the energy per metre square required to bring the temperature into the comfort zone is
120MJ/m2 which for the standard project home of 127 m2 equates to 15,240MJ. The average
household consumption of energy to heat and cool in 1990 was 15,889 MJ (CSIRO 1999), yet it is
obvious that the stock of Australian housing is not 5 Star.

For a sample household of five people in a one star house in 1990, the total energy consumed (all
electricity) was 6522 kWh or 23,479.2MJ of which nearly half was used to heat water (Henriksen).
Estimating a possible maximum of 40% for heating and cooling gives 9400MJ per year. In a temperate
climate it is possible for a household living in a 1 star house to use less energy than a household living
in a 5 star house that has the expectation of achieving year round comfort using heating and cooling
energy.
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Figure 10
Despite improvements being introduced to the residential building stock in the temperate zone the use
of energy could still increase if a greater degree of comfort is required. The above figures assume the



air conditioner is used to achieve a temperature range between 12-18 in Bedrooms and 18-22 Deg.C
in Living spaces and do not anticipate further energy to maintain a temperature between 21 and 23
degrees Celcius. If the use of energy is related to lifestyle choice, outdoor orientated people, who
enjoy the contact with nature and the associated variation in temperature will use less energy to heat
and cool their home than a person accustomed to an air conditioned environment (Szokolay 1997). It
is possible that houses performing even at the three and a half star level could be zero energy houses
if the excessive peaks and troughs in temperature variation are removed (Figure 9).

CONCLUSION

Distributing the initial impact of construction over the life cycle allows a simple comparison. Assuming
a given design, the considered use of embodied energy can increase the level of comfort and can
reduce the utilization energy.

By implementing the twenty strategies tested, there are evident savings in energy use and
greenhouse gas emissions over the life cycle of a house. However the additional cost of the strategies
has a long payback period requiring the purchaser of the house to make an investment in the future.
The incentive for this must come from a desire to reduce the environmental impact.

The analysis of the figures from NatHERS indicated even the model with the best thermal
performance when free running was not comfortable all the time. The cumulative effect of the twenty
strategies was to reduce the internal temperature range. Further research with other thermal modelling
programs that include ventilation could examine the effect of a wider definition of comfort.

An issue that emerges is that in a temperate climate the individualÕs choice regarding their level of
comfort, which is informed by their lifestyle, means that  more energy could be used to heat and cool a
five star house to comfort than could be used in a three star house where the household accepts
involvement  with the environment and its temperature swings.
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