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ABSTRACT

The main objective of this paper is to explore the question whether rating the energy performance of a design is
the right way to achieve environmentally sustainable development. The actual performance of a built and
occupied house is compared to the predicted performance by a rating scheme. The house performance was
examined through site visits, interviews with the architect and occupants, monitoring, simulation, and analyses.
The Nationwide Home Energy Rating Scheme (NatHERS) was then used to see how the house would “rate”
according to the scheme. The results show that although in reality the house performs reasonably well in terms
of its comfort conditions, energy use and environmental impact, it receives a very low rating when examined
with NatHERS. The paper questions the utility of the scheme, analyses some of the problems and suggests that
the whole concept in the current rating scheme be re-examined.

INTRODUCTION

During the last 30 years there have been continuous
attempts by the Australian government to encourage
the building industry to construct energy-efficient
housing. In 1992 Australia signed the UN Framework
Convention on Climate Change and the Council of
Australian Governments endorsed a National
Greenhouse Response Strategy. One result of this
policy is the Nationwide House Energy Rating
Scheme (NatHERS). It is a scheme to “rate” the
energy performance of a house design with the
objective to reduce household energy use and
greenhouse gas emissions. The assessment is
conducted with a computer program which estimates
the heating and cooling loads of a house design taking
into considerations the building envelope and some
usage parameters (Delsante, 1995).  Many of these
parameters, however, are standardised and cannot be
altered by the user to reflect what is actually
happening in the house. The scheme also does not
take into consideration different heating and cooling
systems nor does it include the primary energy use,

embodied energy and other environmental impact
measures1.

In the author’s view, a limited and rather unrealistic
rating scheme will not guarantee houses which are
energy-efficient and environmentally friendly in the
long run. As shown later in the paper, the scheme
discourages the application of alternative solutions
which are not considered in the scheme. Part of the
problem of the scheme is there is no such thing as
standardised parameters in design. Each design
project is unique and presents its own constraints,
problems and requirements.  Design thinking and
decision making is not a linear process and the
solutions is “a synthetic sequence in which the various
requirements are combined and balanced against each
other, yielding a final plan to be carried into
production” (Buchanan, 1995). Issues related to
thermal comfort and energy-efficient design, for
example, cannot be dealt in isolation. User
                                                          
1 For further discussion on NatHERS see paper by
Williamson, TJ in these proceedings  “A critical review of
home energy rating in Australia”.

ANZAScA 2000: Proceedings of the 34th Conference of the
Australia and New Zealand Architectural Science Association, December 1-3, 2000



112

preferences and ways of living, site constraints and
environmental impact, both in small and large scales,
are just a few examples of issues that have to be taken
into considerations.

METHODOLOGY

The actual performance of an occupied house, which
was designed with careful attention to the
environment, is analysed. Extensive evaluation of the
house design was conducted through site visits,
interviews with the occupants and architect, thermal
monitoring and simulation, and environmental impact
analyses. The house design was then rated with
NatHERS and the result was compared with the actual
performance.

Thermal monitoring was conducted every 30 minutes
from summer to winter in 2000. Indoor measurements
included air temperature and humidity, monitored
with portable dataloggers located at an average human
height. Outdoor monitoring included air temperature
and humidity, solar radiation and wind speed,
monitored with a weather station.  The thermal
simulation program used was the ENER-WIN
program (Degelman and Soebarto, 1995).

Other analyses included examining the embodied
energy of the construction, predicting the CO2 gas
emission, and analysis of the actual energy use.

THE CASE STUDY BUILDING

Background

The owners of the house, John Smith and Jillian
Miller, both educators, have always wanted to live in
a self-sufficient house. In 1998 they approached
architect John Maitland (Energy Architecture) with
the main goal to create an “ESD” (ecologically-
sustainable development) house, which  (1) is self-
sufficient for water, wastes and electricity, (2) uses as
much recycled materials as possible without spoiling
the aesthetics or function, and (3) makes best use of
the site with minimal damage to it (Smith, 2000).

Location and Climate

The resulting 123-sqm building is located on a hilly
site in Norton Summit, 12 km to the east of the City
of Adelaide, South Australia (35° SL, 360 m above
sea level). The average daily temperature is 22° C in
summer and 9° C in winter. During summer the
temperature varies from 11 to 37° C, and in winter it
varies from 5 to 13° C. The average rainfall is 28 mm
in summer and 100 mm in winter. The average wind
speed on the site is 3 m/s with strong cold wind
coming from south east and from the west.

Figure 1: Northeast corner of the house
(Photo by Evyatar Erell)

Design Process

The design process started with several site visits by
the owners and architect to establish the location of
the house. The design was formulated by the architect
in consultation with the owner. The owner requested
that used building materials, which had been collected
over the years, as well as rammed earth walls be used
in the building. The architect was involved until the
building was first occupied, and since then the owner
has been improving the house without the
involvement of the architect, for example by
“making” “double-glazing” on the north-facing
windows, adding fly screens, ponds, and others.

The main concerns of both the architect and the client
were to (1) create a comfortable but aesthetically
pleasing house without using any mechanical cooling
system, (2) minimise the use of energy for the
operation of the building as well as the building
materials, and as stated above (3) minimise the
environmental impact. The considerations to achieve
these objectives are described below:

Siting and landscaping

The location for the building on the site was selected
based on the considerations that it would allow for
maximum northern exposure as well as catching the
breeze for natural ventilation with minimum
destruction to the site. Existing Eucalyptus trees on
the site were also maintained as much as possible and
have been used as natural shading for the building.
The main view of the house is to the north (the house
is called Kawanda Muna, which means ‘north in
front’) and toward the east are a dam and a beautiful
valley. Native plants (which require less or minimal
amount of water) are being revegetated to restore the
condition as it was before people moved into this area.
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Layout and form

The house was designed to have three zones (or
blocks): a living/cooking/dining zone, a sleeping
zone, and an entry zone which connects the two zones
(Figure 3). The living block is 50 m2, the sleeping
block is 63 m2 and the entry block is 10 m2. Both
living/cooking/dining and sleeping spaces receive
northern sun whereas the entry space faces the east. A
glimpse of the City of Adelaide can be viewed in this
space through the shaded west facing glass. The
sleeping block was angled to follow the contour and
with the living/cooking/dining block they create a
courtyard which help channel the cool summer breeze
from the east to enter the building.

Cooling and heating

The house relies on “passive” means to create indoor
thermal comfort. These include:
• building form, layout and position on the site to

catch the breeze for natural ventilation
• predominantly northern glazing for maximum

solar heat gain in the winter with internal blinds to
reduce heat gain in the summer. A shrink-wrap
was added to the single glazing to create a “double
glazing” effect to reduce heat loss in the winter.

• overhangs of 1 meter on the north, east and west
walls and 0.6 meter on the south walls to reduce
summer heat gain

• minimal opening on the west walls
• thermal insulation on the brick walls and ceilings
• rammed earth walls and polished concrete floor

for thermal mass effect
• 9.1 kW slow-combustion heater in the living room

with homegrown wood for additional heating
source in the winter.

Lighting

Each building block is relatively thin (4.5 meters for
the living zone and 3.5 meters for the sleeping zone)
allowing natural light to enter the space through floor-
to-ceiling glass windows/doors. Artificial lighting is
with energy-efficient fluorescent lights. The total
lighting load for the whole house is 300 Watt.

Building materials

Building materials were selected for their
environmental, thermal, aesthetical as well as
economical performance. External walls are
constructed of stabilised rammed earth (400 mm thick
for the east and west walls, 200 mm thick for the
north and south walls), and bricks with R2.5
fibreglass insulation on the outside and clad with
corrugated metal cladding. Stabilised rammed earth
was chosen by the owner as it provides a compromise
between mud brick, a low embodied energy material
but has a “primitive look”, and concrete, a more

modern looking material but has a much higher
embodied energy.

Figure 2: Western elevation. Notice the solar
collector on the roof of the entry space

(Photo by Evyatar Erell)

Figure 3: Floor plan of the house.
Notice the three zones: living/cooking/dining on the

north side, bedrooms on the south side, and
entry space in between.

Figure 4: Interior of the living room, facing the
rammed earth of the west wall.

(Photo by Evyatar Erell)



114

Compacted rubble from a nearby construction site is
used under the 200 mm polished concrete floor.  The
north wall and roof structures are of used timber
(except for the roof purlins) which had been collected
by the owner for a number of years. The door and
windows frames, however, are of new Western Red
Cedar. R-4 roof insulation was installed above the
plasterboard ceiling. First, wool insulation and
insulation made of recycled paper were considered,
but they could not be applied due to bushfire
concerns. Fibreglass insulation (with reflective foil)
was finally used, also due to the budget constraints.

All building materials used are from places not too far
from the building site or made on the site; thus the
energy and cost for transporting the materials were
reduced. All fittings are from recycled elements
wherever possible. Finally the colours of the house –
ochres, brown peas, green and blue, were chosen to
reflect the colours of the site.

Building systems and appliances

The main objective was to have a self-sufficient house
for electricity use but the house is also connected to
the grid. At the moment the house uses electricity
from the grid, and the electricity produced by the 1-
kW of the photovoltaic panels is delivered back to the
grid. The owner obtains a rebate for any excess
electricity produced by the photovoltaic panels. At the
time of the publication of this paper the photovoltaic
panels have not yet functioned effectively due to a
problem in the tracking system.

A 6 sqm solar collector has also been installed as a
water heating source (refer to Figure 2). As an
experiment a water pipe is also run inside the chimney
of the slow combustion heater so that in the winter it
will be heated by the excess heat from the combustion
heater. Rain water from the roof collected in two
11,000 litre tanks is the main source of the water used
in the house while water from a nearby dam is used
only for a backup.

The organic wastes from toilets and kitchen are
collected in an earthworm run Dowmus Biolytic
Filter. The processed wastes can later be used as
organic fertiliser on the site. Major appliances in the
house include a 378-Watt dishwasher, a 640-Watt
refrigerator, a 237-Watt washing machine, and a gas
stove/oven for cooking.

Human and Other Practical Factors

There are three people living in the house but during
the day the house is usually unoccupied. The living
space is usually occupied after seven in the evening.
Living in the “bush” as well as being able to view and
feel the outside all the time is an important aspect in
this family. “I want a house where parrots can live up
there”, said Smith pointing at the Eucalypts tree

outside the house (Smith 2000).  According to the
occupants the house is quite comfortable during the
year. However in the winter the house is rather too
drafty and therefore they have since installed rubber
seals around the doors to reduce air infiltration. They
have also installed fly screens to protect the house
from flies and mosquitos in the summer.

ACTUAL BUILDING PERFORMANCE

Indoor thermal comfort

The thermal performance of the house has been
monitored for 10 months in 2000. Indoor monitoring
was conducted in the living and bed rooms. The
loggers were located at 1.6 meters above the floor,
and whenever possible the loggers were hung in the
middle of the room to obtain better data. The weather
station was installed to the east side of the house.

Several monitoring results are presented in Figures 5
to 7. As can be seen, the thermal mass effect of the
rammed earth wall and concrete floor helps maintain
the indoor temperature at a comfortable level
especially during cool nights. The temperature
difference between inside and outside was between 5
to 8° C. However, it seems that the effectiveness of
the mass was reduced by the amount of north facing
glass which made the indoor temperature reach
around 30° C when it was 35° C outside. During the
monitoring period no blinds were used even though
they were already installed. Using the simulation to
analyse the problem, it was predicted that the north
facing glass, although shaded from direct solar
radiation, still conducted heat as well as admitted
reflected heat from the ground.

This result, however, poses an interesting question. Is
a house that seems to be warm and uncomfortable
(based on the standardised human comfort range)
truly uncomfortable for the user? When this result was
shown to the occupants, they did not seem to feel that
the house was warm as they were mostly out of the
house during summer days. As soon as they got home
they always opened the doors to let the warm air out.
If the house was occupied all the time, however, the
occupants may have had a different perception and the
blinds may have been used to reduce the heat gain.

In the winter the results show that the house was quite
comfortable all the time although it was more on the
cool side of the ‘comfort zone’. Without the heater the
temperature difference between inside and outside
was around 8° C. When lit, the heater increased the
indoor temperature by 5 to 10° C. It can be seen,
however, that the heater was not lit every night, and as
the occupants mentioned they lit the fire for the
ambience that it created and not solely for the heat
that it produced.
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The simulation results show that after sunset the
glazing becomes the major heat loss even though
during the day the house is quite warm. To reduce
heat loss through the glass, the owner has installed a
sheet of shrink-wrap to create a “double glazing”
effect.

Figure 5: Two weeks monitoring in January 2000
of the indoor temperature in the living room

Figure 6: Two weeks monitoring in April 2000
of the indoor temperature in the living room

Figure 7: Two weeks monitoring in July 2000
of the indoor temperature in the living room

Energy Consumption

Table 1 shows the building’s (purchased) electricity
use during the first year of occupation. The electricity
is mainly used for appliances and a few pumps, but
none for space heating or cooling. When this paper
was written the photovoltaic panels had not yet
functioned properly due to some problems in the
tracking systems. It is expected that the purchased
electricity use will decrease once the problems have
been fixed.

The total electricity use during the first year was 3671
kWh or 13.2 GJ. During winter it was estimated that
an average of 12 kg of wood was burned every night
for the slow combustion heater. Thus for 85 nights in
winter a total of 1020 kg of wood was used. It is
estimated that this amount is equivalent to 16.5 GJ of
energy2. The LPG consumption for the gas cooking
during this first year was 30 kg or 1.5 GJ3. Therefore,
the whole house energy consumption during the first
year is 31.2 GJ. Compared to the annual energy use in
a “standard” house in South Australia as projected by
the Australian Greenhouse Office (AGO), the total
energy use in this house is relatively low. The
projected energy consumption of a standard house in
South Australia for the year 2000 is 41.5 GJ (AGO,
1999; Tables 2 and 35).

Table 1: Electrical consumption from
November 1999 to October 2000

Period kWh MJ/sqm

Nov 99 – Jan 00 539 15.7
Feb – Apr 00 866 25.3
May – Jul 00 1353 39.6
Aug – Oct 00 913 26.7

TOTAL 3671 107.3

Estimated CO2 gas emission

The estimated CO2 gas emission of all fuel energy
used in the house is presented in Table 2. It is
interesting to notice that even though the annual space
heating energy is more than the electrical energy, the
CO2 gas emission from space heating is actually less
than the CO2 emitted by the total electricity use. This
is because wood was used as the heating source.  The
estimated total CO2 gas emission from the house is
5.7 ton per year. This is much lower than the AGO
projected CO2 gas emissions from a household in
South Australia, which is 7.1 ton per year (AGO,
1999; Tables 3 and 35).

                                                          
2 1 kg of hardwood = 16.2 MJ (Liversidge, 1981)
3 1 kg of LPG = 49.6 MJ

0

5

10

15

20

25

30

1/
4/

00
 0

:0
0

1/
4/

00
 1

6:
30

2/
4/

00
 9

:0
0

3/
4/

00
 1

:3
0

3/
4/

00
 1

8:
00

4/
4/

00
 1

0:
30

5/
4/

00
 3

:0
0

5/
4/

00
 1

9:
30

6/
4/

00
 1

2:
00

7/
4/

00
 4

:3
0

7/
4/

00
 2

1:
00

8/
4/

00
 1

3:
30

9/
4/

00
 6

:0
0

9/
4/

00
 2

2:
30

10
/4

/0
0 

15
:0

0
11

/4
/0

0 
7:

30

12
/4

/0
0 

0:
00

12
/4

/0
0 

16
:3

0

04
/1

3/
00

 0
9:

00
04

/1
4/

00
 0

1:
30

04
/1

4/
00

 1
8:

00

Te
m

pe
ra

tu
re

 (d
eg

 C
)

Outside Living Room

0

5

10

15

20

25

30

35

40

1/
1/

00
 1

:0
0

1/
1/

00
 1

4:
30

2/
1/

00
 4

:0
0

2/
1/

00
 1

7:
30

3/
1/

00
 7

:0
0

3/
1/

00
 2

0:
30

4/
1/

00
 1

0:
00

4/
1/

00
 2

3:
30

5/
1/

00
 1

3:
00

6/
1/

00
 2

:3
0

6/
1/

00
 1

6:
00

7/
1/

00
 5

:3
0

7/
1/

00
 1

9:
00

8/
1/

00
 8

:3
0

8/
1/

00
 2

2:
00

9/
1/

00
 1

1:
30

10
/1

/0
0 

1:
00

10
/1

/0
0 

14
:3

0
11

/1
/0

0 
4:

00
11

/1
/0

0 
17

:3
0

12
/1

/0
0 

7:
00

12
/1

/0
0 

20
:3

0
01

/1
3/

00
 1

0:
00

01
/1

3/
00

 2
3:

30

01
/1

4/
00

 1
3:

00

Te
m

pe
ra

tu
re

 (d
eg

 C
)

Outside Living Room

0

5

10

15

20

25

7/
/0

1/
00

 0
:0

0
7/

/0
1/

00
 1

6:
30

7/
/0

2/
00

 9
:0

0
7/

/0
3/

00
 1

:3
0

7/
/0

3/
00

 1
8:

00
7/

/0
4/

00
 1

0:
30

7/
/0

5/
00

 3
:0

0
7/

/0
5/

00
 1

9:
30

7/
/0

6/
00

 1
2:

00
7/

/0
7/

00
 4

:3
0

7/
/0

7/
00

 2
1:

00
7/

/0
8/

00
 1

3:
30

7/
/0

9/
00

 6
:0

0
7/

/0
9/

00
 2

2:
30

7/
/1

0/
00

 1
5:

00
7/

/1
1/

00
 7

:3
0

7/
/1

2/
00

 0
:0

0
7/

/1
2/

00
 1

6:
30

07
/1

3/
00

 0
9:

00
07

/1
4/

00
 0

1:
30

07
/1

4/
00

 1
8:

00

Te
m

pe
ra

tu
re

 (d
eg

 C
)

Outside Living Room



116

Table 2: Estimated annual CO2 gas emission

Fuel Type Energy Use CO2 (kg)

Electricity 3671 kWh 3744
Wood 1020 kg 1836
LPG 30 kg 89

TOTAL 5669

Note: Conversion factors (AGO, 1999):
• 1.02 kg of CO2 per kWh of electricity
• 1.8 kg of CO2 per kg of wood
• 2.95 kg of CO2 per kg of  LPG

Estimated Embodied Energy

Although calculating the total embodied energy of the
house construction is rather irrelevant as many of the
building materials were used or recycled materials, an
embodied energy estimation was conducted to
investigate: (1) how “environmentally friendly” the
building construction is compared to other houses
with a “typical construction” in the area, (2) how the
embodied energy relates to the indoor thermal
comfort condition, and (3) which of the building
component has the highest embodied energy.

Table 3 shows the estimated embodied energy of the
building envelope, finishes, fittings and wiring. The
method to estimate the embodied energy was based on
work by Pullen (1995).

Table 3: Estimated embodied energy

Component Embodied Energy
(MJ)

Concrete floor 142,746 (23%)
Roof 205,314 (33%)
External walls 65,647 (10.5%)
Glass windows & doors 92,593 (15%)
Internal walls 36,483 (6%)
Doors (internal) 4,835 (0.8%)
Finishes 12,874 (2%)
Fittings 35,793 (5.7%)
Plumbing 22,223 (3.5%)
Wiring 3,147 (0.5%)
TOTAL 619,228 (100%)

The total embodied energy is 619,228 MJ or 5
GJ/sqm. This is slightly lower than the embodied
energy of a brick veneer house (with the same floor
area and design), which is 5.5 GJ/sqm. Also note that
in this estimation it was assumed that all building
materials were new. Because most of the timber used
in the building was recycled timber and parts of the
floor and brick walls were also from used or recycled
materials, the actual embodied energy will actually be
lower. Considering this, the embodied energy of the
roof is obviously quite substantial due to use of the

metal cladding. The embodied energy from the
window/door glazing is also relatively high. Looking
at this result and the thermal performance of the
indoor space, it is suggested that the house could have
a better environmental performance if the amount of
glass was reduced.

EVALUATION WITH NatHERS

The performance of Kawanda Muna was analysed
with NatHERS. Despite the fact that the house
performed reasonably well thermally, used much less
energy than most houses in the region, and was
designed with a lot of consideration to minimise the
environmental impact (eg having minimum energy for
heating and cooling as well as using low embodied
energy materials, thus reducing the greenhouse gas
emissions), it surprisingly only receives “1 Star”
rating when rated with the NatHERS.

The problem with rating the house environmental
performance with NatHERS is that it does not allow
the house to not have mechanical heating and cooling
systems. Thus the house was analysed with the
assumption that there would be a mechanical heating
and cooling system installed. NatHERS also did not
allow a modification of the occupancy patterns,
varieties of the shadings, as well as natural evaluation
through opening the window or door. With NatHERS
it was estimated that the heating load (not “heating
energy”) was 39 GJ (317.8 MJ/sqm) and the cooling
load (not “cooling energy”) was 7 GJ (62.3 MJ/sqm),
which apparently resulted in “1 star” performance
rating.  On the contrary, assuming that the efficiency
of the slow combustion heater was 75%, the actual
heating load was only 11.5 GJ, and the actual cooling
energy was 0.

DISCUSSION

The difference between the actual performance of the
house and how it rates according to NatHERS clearly
shows a number of problems within this rating
scheme. First, the house was designed with careful
attention and consideration to the environmental
impact of the whole development, yet nothing of these
considerations, except the heating and cooling loads
(and not even the primary energy use), was actually
"rated". Indeed the indoor thermal performance can be
improved if the heat loss and gain through the glass
windows and doors can be minimised (despite the fact
that the occupants considered the house to be
comfortable).

Second is the inability of NatHERS to assess a "free
running" building. Unlike the houses which NatHERS
is intended to rate for, this house was designed to not
use any mechanical heating and cooling systems.
Thus logically this house should have, and it indeed
has, less environmental impact compared to any air-
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conditioned house no matter how energy efficient the
air-conditioning system is. Unfortunately due to the
limitation of the scheme, this house was forced to
have an air-conditioning system to be rated by
NatHERS. Further, it was penalised to have a zero
rating because the occupancy patterns,  "thermostat
settings" and shading conditions could not be altered.

This adverse rating is not confined to this example.
Another naturally ventilated house in South Australia,
designed by architect Glenn Murcutt with careful
considerations about the site, was also rated with
NatHERS4. During the monitoring period the house
performed reasonably well throughout the year
(indoor maximum summer temperature was 28° C
when it was 40° C outside and indoor minimum
winter temperature was 12° C when it was 0° C
outside), yet it also received “1 Star” rating from
NatHERS. It is unfortunate that despite the fact that
NatHERS was intended to reduce the greenhouse gas
emissions from houses, another non air-conditioned
house failed to receive a high rating, not because in
reality it uses a lot of energy, but due to the limitation
of the scheme.

CONCLUSION

After comparing the actual performance of these free-
running houses and how they would rate with
NatHERS, it is clear that the problem is not in the
house design but it lies on the rating scheme itself. It
is unfortunate that NatHERS bases its rating on air-
conditioned houses and therefore houses with no or
minimum operating energy for space heating and
cooling are actually penalised instead of getting a
higher rating. This definitely will send a wrong
message to the general public that an air-conditioned
house is more environmentally friendly than a
naturally ventilated one.

Another issue is the fact that NatHERS assumes a
standardised occupancy or operating patterns in the
house. First, there is no such thing as standardised
occupancy in reality. Second, if house occupants do
follow the occupancy and other operating patterns
assumed in NatHERS (eg. the house relies on certain
thermostat settings and no natural ventilation is
allowed) it will remove the occupants' responsibility
and awareness that their ways of operating the house
will affect the house energy consumption.

                                                          
4 Thorough discussions about the house can be found in
previous publications, for example in Soebarto, VI (2000),
"To 'touch the earth lightly': Three case studies of Glenn
Murcutt's buildings", Proceedings of Solar 2000, American
Solar Energy Society, and Soebarto, VI (2000), and
"Environmentally-sustainable design: Between theory and
practice", Proceedings of ARCC/EAAE Conference,
Architectural Research Centers Consortium.

Further, in the author's point of view, rating the
energy (or environmental) performance of a house
design will not guarantee that when built the house
will actually have a low operating energy. A number
of previous studies have shown that actual energy
performance depends on the way the occupants “use”
the building and does not necessarily relate to the
building design (for example work by Ballinger et al.
1991, Haberl et al. 1998). Therefore, unless ratings by
NatHERS are followed by post-occupancy
assessments, the author doubts that there will be a
significant decrease in the greenhouse gas emissions
from the housing industry.

The author appreciates the efforts to develop a scheme
whose intention is to help reduce the greenhouse gas
emissions in Australia. However, based on this
investigation it is clear that it is now the time to
evaluate the scheme before it becomes a national
policy and sends a wrong message to the general
public.
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