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The average floor area in Australian households has risen from 113 square metres in 1989-90
to 145 square metres in 2006-07, an increase of 29 per cent. Such an increase in the size of the
average house required more energy services for space heating and lighting, which together
would have led energy consumption to increase by 56 petajoules. An increase in energy use
for space heating is attributed partly to a trend toward outdoor heating, using relatively less-
efficient radiant gas heaters (Pears 2007).

An overall increase in the number of appliances per person (appliance ownership) is estimated
to have caused energy consumption to be 15 petajoules higher in 2006-07 than it would have
been if 1989-90 appliance diffusion levels prevailed. Most of the structural shift in ownership
of appliances was driven by the increased prevalence of air conditioners and refrigerators.
Separate chest freezers seem to be becoming less popular, leading to energy consumption
being 1 petajoule less than it would otherwise have been. A shift in consumer tastes toward
larger televisions also contributed to increased energy consumption. In addition to a shift
towards more appliances, a general preference in the use of larger home entertainment
systems, game console ownership and the growth in IT equipment (including computers) have
almost certainly contributed to increased energy consumption.

However, because of a lack of consistent data for these appliances over the analysis period, the
structural shift for the use of these appliances in the household can only be captured through
changes in household occupancy. Growth in the number of households over the analysis period
has outstripped growth in population, leading to a reduction in average household occupancy
from 2.8 persons per household in 1989-90 to 2.6 persons per household in 2006-07. This would
have resulted in an average increase in household energy consumption of 13 petajoules.

The efficiency effect in the residential sector resulted in a reduction in energy use of 0.9

per cent a year over the period 1989-90 to 2006-07. This is equivalent to energy savings of
57 petajoules. Figure 35 clearly shows that the efficiency effect mostly occurred after 1997-
98. Without this effect, energy consumption in the residential sector would have been

476 petajoules in 2006-07, instead of the observed 419 petajoules (figure 36). In this case,
energy consumption would have increased at an average annual growth rate of 2.5 per cent,
compared with the actual rate of 1.7 per cent a year.

Trends in energy intensity indicators

Energy intensity in the residential sector can be estimated using various intensity measures,
including energy use per person, energy use per household, energy use per unit of residential
floor area, and a composite energy intensity index. Figure 37 presents energy intensity trends
estimated from these measures.

Residential energy use per person increased from 18.3 gigajoules in 1989-90 to 19.9 gigajoules
in 2006-07, which was an increase of 0.5 per cent a year on average. Household energy use
was fairly stable over the analysis period at around 51 gigajoules per household. For energy
services relative to the area in a house, Australian households used 456 megajoules of energy
per square metre in 1989-90. This declined at an average rate of 1.5 per cent a year to 353
megajoules per square metre in 2006-07.
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While the above measures are useful in providing information on various aspects of the
pattern of residential energy consumption, it is not appropriate to use them as a proxy for
energy efficiency because they do not take into account various factors that could influence
energy intensity. For example, energy consumption per person ignores changes in the size of
Australia’s houses, the occupancy level within each house and the ownership of appliances;
energy use per household ignores house size and appliances ownership; and energy use per
floor area ignores appliance ownership. In addition, the measure of energy use per floor area
tends to overestimate residential energy efficiency because energy consumption in most of
the end uses, apart from space conditioning and lighting, has little to do with the area of the
house.
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A composite energy intensity index, as estimated in this study, could overcome some of these
barriers in estimating residential energy efficiency. The availability of appliance data makes it
possible to capture an additional structural factor, such as appliances ownership, which is not
related to energy efficiency.

Figure 38 shows the contribution of each end use to total energy savings in the residential
sector. These savings were achieved from a reduction in energy intensities of some end uses.

Summary of changes in energy consumption because of the
efficiency effect in the residential sector by end use
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As can be seen from figure 38, most of the energy savings in the residential sector were made
in space heating (58 petajoules), water heating (16 petajoules) and refrigerators (9 petajoules),
with smaller gains made by various major appliances (3 petajoules) including dishwashers and
cooking appliances. However, energy savings were not achieved across all end uses. Increases
in energy intensity in washing machines, air conditioners, various electrical appliances
(including lighting, microwaves, IT equipment and televisions), swimming pools and spas and
standby power led to an additional energy requirement of 29 petajoules. The largest increase
in energy intensity is estimated to be for standby power and for other electrical appliances,
including home entertainment systems, DVD players, games consoles, mobile phones, digital
cameras, etc. Together these contributed to an additional energy requirement of 16 petajoules.

A strong improvement in energy use for space heating has been partly driven by the
substitution of open wood-fired heaters by ducted gas heating, which has been facilitated

by the continued expansion of the natural gas network (EES 2008). Similarly, a reduction in
energy intensity for water heating has been driven partly by a shift away from electric water
heaters to natural gas and, to a smaller extent, solar water heaters. Also, an improvement in
showerheads and water taps, driven by the aim to reduce water consumption, has contributed
to a reduction in energy intensity for water heating and dishwashers.

The increase in energy intensity for some of the end uses shown in figure 38 is not necessarily
a reflection of lower energy efficiency of the appliances. For example, the energy intensity of
the average television stock in Australia is estimated to have increased by about 3.5 per cent

a year (figure 38) over the study period, despite the improvement in energy efficiency of new
television technologies. The estimated energy intensity does not take into account various
other factors that influence energy intensity, including the popularity of new technologies
such as plasma and liquid crystal display (LCD) televisions that consume more energy than
the traditional cathode ray tube (CRT) televisions, the popularity of larger screen sizes that
require more energy to operate, and the increase in the number of hours of their operation.
Also, the increase in energy intensity of lighting reflects the greater use of less energy efficient
low-voltage halogen lamps and an increase in outdoor lighting for aesthetic as well as
security purposes (Pears 2007).

Factors affecting energy intensity

Household income and energy prices are key factors affecting energy intensity in the
residential sector. As household income rises, people tend to live in larger houses and
purchase more energy-consuming appliances. As shown in figure 39, the average area of
Australian houses (including apartments) increased at a rate of 1.5 per cent a year, from

113 square metres in 1989-90 to 145 square metres in 2006-07. This is higher than the average
growth in household income (1.2 per cent a year) over the same period. Similarly, the average
number of air conditioners in each house increased substantially at an average annual rate
of 5.2 per cent. Household ownership of televisions grew at a moderate rate of 0.9 per cent

a year and, as a result, is stabilising at around 2 units in each house (figure 39). However, it is
likely that the traditional CRT television will continue to be replaced with relatively energy-
intensive LCD and plasma televisions.
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Considering that energy is a relatively
small component of household
expenditure, comprising about 2.5

to 3 per cent of average Australian
household spending (figure 40), and
energy prices have been relatively low,
the cost of energy services has been
relatively low. However, increased
income could also lead to a decline in
energy intensity through improvement
in housing design. For example, the
proportion of insulated households in
Australia has increased substantially from
around 50 per cent in 1994 to more than
60 per cent in 2008 (ABS 2008b).

Another factor that could influence
energy intensity is government policies.
The nationally consistent energy-
performance and labelling scheme,

the National Appliance and Equipment
Energy Efficiency Program (NAEEEP),
was established in 1999. The aim of the
scheme is to provide better information
to consumers on the energy efficiency
of various household appliances and
equipment. In 2004, the scheme was
further advanced with the introduction
of the National Framework for Energy
Efficiency (NFEE) as the main mechanism
to coordinate a package of policy
measures being implemented at a
national and jurisdictional level.

In addition to the measures designed to
improve energy efficiency of appliances,
mandatory energy efficiency standards
for new residential building were also
implemented at a national level in

2003. The new codes require all new
constructions to conform to minimum
standards for energy efficiency, including
the requirement for insulation in walls
and ceilings.



Conclusions

Between 1989-90 and 2006-07, final energy consumption in the Australian economy increased
by 45 per cent, compared with growth of 73 per cent in total output in value-added terms. This
implies that aggregate final energy intensity, as measured by the energy-GDP ratio, declined

at an average rate of 1.1 per cent a year. If this trend persists, aggregate final energy intensity in
the Australian economy could be reduced by 23 per cent by 2030, compared with a target of
25 per cent which was set by APEC Energy Ministers in 2007.

This trend in aggregate energy intensity comprises a combination of energy efficiency as well
as structural components. This study has partly removed the structural components from
aggregate energy intensity using the LMDI decomposition method, decomposing the changes
in energy use over time into an activity effect, a structural effect and an efficiency effect.

Overall, sectoral activity was found to be the largest contributor to the growth in energy
consumption. Without changes in energy efficiency and sectoral structure, final energy
consumption would have increased by 55 per cent, instead of an observed increase of 45 per
cent. A change in the sectoral structure, from relatively more energy-intensive activity to less
energy-intensive activity, contributed to a 4.7 per cent reduction in energy used over the period
1989-90 to 2006-07. Another 5.6 per cent reduction in final energy consumption was because
of the efficiency effect (this is equivalent to an average reduction in energy intensity of 0.4 per
cent a year).

The analysis highlights differences in trends in energy intensity across sectors. A reduction in
energy intensity in the manufacturing, services, transport and residential sectors contributed
to a 12 per cent reduction in energy used. However, this reduction in energy consumption was
partly offset by higher energy intensity in the mining and agriculture sectors. A combination
of declining ore grades, the need to access deeper deposits and significant increases in the
liquefaction of natural gas for export contributed to an increase in energy intensity in the
mining sector. Similarly, a reduction in the output of the agriculture sector because of severe
droughts without apparent changes in energy consumption, was the main reason underlying
an increase in energy intensity in this sector.

This report also identifies a number of factors that may have affected energy intensity trends
in various sectors. These include resource endowments, energy prices, disposable income,
technological development, capacity utilisation and government policies. However, a more
detailed analysis supported by the availability of disaggregated data would be required

to further assess the effect of these factors on energy intensity. In this context, the Energy
Efficiency Data Project under the NSEE is an important initiative.
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appendix

Mathematical framework

This report uses the logarithmic mean divisia index (LMDI) method to decompose changes
in energy consumption into three components: the activity effect, the structural effect and
the efficiency effect. This method has a number of advantages over other decomposition
methods, including that it does not leave an unexplained or residual part.

In this appendix, the mathematical derivation of the LMDI method is presented. This method
is based mainly on Ang and Liu (2001). Also, the method to construct the aggregate energy
intensity — composite energy intensity indicator — is presented in this appendix. This method is
based on a bottom-up approach proposed by Ang (2006).

Energy consumption (E) for a sector with n subsectors can be expressed as:

4 A E,
1 E:ZA77

i

where 4 is the total activity for the sector, 4, is the activity of a sector’s i subsector and E, is
the energy consumption of the i subsector. The second term on the right hand side gives
the share of the subsector’s activity of the total sectoral activity and the third term gives the
energy intensity of the i" subsector. By defining S, = 4,/4 and I,= E /A, equation 1 can be
written as:

2 E= AiSili

Equation 2 is the basis for various energy decomposition methods (see Ang, Liu and Chew
(2003), Liu and Ang (2003) and Ang (2004) for comparisons of these methods). Ultimately,

the interest is in how changes in energy consumption over time can be decomposed into

the three factors on the right hand side. This decomposition can be done either additively

or multiplicatively. For the additive decomposition method, each of the three components

of energy consumption is expressed in absolute terms (i.e. energy units). In this report, this is
expressed in petajoules. For the multiplicative decomposition method, each component is
expressed as an index. For more details about the additive form of the LMDI method, see MKJA
(2005). For details of the multiplicative form see Ang and Liu (2001).

The additive property of the LMDI decomposition method allows us to express a given change
in energy consumption of the i subsector as the sum of a change in activity (activity effect),

a change because of shifts in structure (structural effect) and a change because of changes in
energy intensity (efficiency effect):
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AiT SiT IiT
3 AE, =E ;-FE ,=0,In — |+0, - In| — |+®, - In| —

0,0 0,0 i,0
where the subscripts 0 and T refer to the value of the variables at the start and end of the

interval of interest. The variable w, is the logarithmic mean of energy consumption across the
start and end periods and is defined as:

Er-Ey
W, = -
InE,, -InkE,,

i,T

Similarly, the multiplicative property of the LMDI decomposition method allows us to express
a given change in energy consumption of the i subsector as the product of an activity, a

structural and an efficiency effects:

5 AE Ei T 1 Ai T X 1 Si T X 1 Ii T
S =——=¢€X o In| —— €x - In| —— ex o In| —
l Ei,O p WI Ai,O p WZ Si,O p W] Ii,O

Here, the variable Wy, is the logarithmic mean of energy consumption across the start (0) and
end (T) periods and is defined as:

_ (Ei,T _Ei,O )/(lnEi,T _lnEi,O
i (ET_EO)/(lnET_lnEO)

The first term on the right hand side of equations 3 and 5 is the activity effect, the second is
the structural effect and the third is the efficiency effect. It is this third term that can be used
to develop the composite energy intensity indicator. The efficiency effects derived at the
subsectoral level can be aggregated into the sectoral composite energy intensity indicator.
This sectoral indicator can be further aggregated into the economy-wide composite energy
intensity indicator.

In additive decomposition, the composite energy intensity indicator (CEll) is simply the sum of
the third term on the right hand side of equation 3 for all subsectors:

n [
7 CEIl =) o, xIn [—T

i,0

In multiplicative decomposition, the composite energy intensity indicator (CEll) is defined as:

n I
8 CEII = ex XIn| 2L
p Z\U /

i,0

For more details about the composite energy intensity indicator based on LMDI method, see
Ang (2006).
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Sectoral classification

The sectoral classification and definitions used in this study broadly correspond to the 1993
Australian and New Zealand Standard Industrial Classification (ANZSIC). The Australian Bureau
of Statistics (ABS) has released the new ANZSIC classification in 2006. However, this new
classification has not yet been implemented to the Australian National Accounts (ABS 2009a),
the major source of activity data used in this report.

ANZSIC has been slightly modified for the purpose of this report to give the classification
shown in table d.

There are some additions to the ANZSIC classification to account for activities that are not
classified in economic units. These changes are:

the addition of a residential sector (ANZSIC has no provision for the classification of private
households consuming fuels, because it is designed to classify productive activities) and
various end use activities in this sector

the separation of domestic transport sector into passenger and freight activities
the addition of a number of transport modes for passenger and freight transport sectors.

Some sectors are also excluded from the ANZSIC classification in order to represent only
those sectors that consume a final form of energy. That is, the sectors that perform energy
conversion activity are excluded in this report. These changes are:

the exclusion of electricity supply (ANZSIC 361) and gas supply (ANZSIC 362) sectors

the exclusion of petroleum refining (ANZSIC 251) and petroleum and coal product
manufacturing (ANZSIC 252) subsectors from the manufacturing sector

the exclusion of coke oven operations and blast furnace operations from the iron and steel
manufacturing subsector (ANZSIC 271).
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d Sectoral classifications used in the study

Sectors/sub-sectors used in the study ANZSIC code (1993 edition)

Industry and services
(including forestry and fishing) Division A
Division B
Food Division C: sector 21
Textile Division C: sector 22
Wood Division C: sectors 23-24
Chemical Division C: sectors 253-256
Non-metallic mineral Division C: sector 26
Iron and steel (excludes coke ovens and blast furnaces) Division C: sectors 2700-2713, 2716-2719
Non-ferrous metal Division C: sectors 272-273
Other metals Division C: sectors 274-276
Machinery and equipment Division C: sector 28
Other manufacturing Division C: sector 29
Construction Division E
Water supply Division D: sector 37
Wholesale/retail trade Divisions F and G
Communication Division J
Finance, insurance, property and business Divisions Kand L
Government administration and defence Division M
Education, health and community service Divisions N and O
Accommodation, cultural and personal services Divisions H, P and Q
Transport Division I: sectors 61-64
na
Cars part of sector 612
Motorcycles part of sector 612
Buses part of sector 612
Heavy rail part of sector 62
Light rail part of sector 62
Ferries part of sectors 6302-6303
Coastal shipping part of sectors 6302-6303
Domestic aviation part of sectors 6402-6403
na
Light commercial vehicles part of sector 611
Articulated trucks part of sector 611
Rigid trucks part of sector 611
Heavy rail part of sector 62
Light rail part of sector 62
Domestic shipping part of sectors 6302-6303
Domestic aviatio part of sectors 6402-6403

continued...
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d Sectoral classifications used in the study

continued
Sectors/sub-sectors used in the study ANZSIC code (1993 edition)
Residential na
Space heating na
Lighting na
Space cooling na
Refrigerator na
Freezer na
Washing machine na
Clothes dryer na
Dishwasher na
Television na
Water heating na
Cooking na
Swimming pool and spa na
Microwave na
Information Technology equipment na
Electric kettle na
Other electrical appliances na
Standby power na
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