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Abstract

Australia has operated an energy labelling program for whitegoods since the mid-1980s. Since 1993, market data
on total sales for refrigerators, freezers, clothes washers, clothes dryers and dishwashers has been purchased by
Australian governments. Information on model number and actual price has been cross matched with the
regulator database to provide detailed sales weighted trends. The latest report covers 1993 to 2014, providing a
period of 22 years of continuous sales data.
This paper explores the changes in efficiency that occurred over the past 21 years. In this period refrigeratorfreezer energy consumption has continued to decline at around 2.5% per annum despite slight increases in
volume. For clothes washers, there has been a strong shift from top loaders to drum machines (horizontal axis)
since 2005, but within each product type, there has been little change in efficiency. For dishwashers, the energy
and water consumption has continued to decrease at 2.7% per annum over the study period. Clothes dryers are a
product where there has been little movement in product performance. However, since 2010, heat pump dryers
are starting to make an impression in the market, with over 6% share by 2014. Heat pump dryers have an energy
consumption of less than 50% of a conventional dryer.
A comprehensive price-energy analysis for refrigerators and freezers (using actual price paid matched with
energy) demonstrates that, within the bounds of the market of available products, there is little apparent
correlation between price and energy for most product categories. All appliance types covered have showed
strong falls in real price over the analysis period.
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1. Introduction
1.1. Overview
This paper documents the changes in the energy efficiency and the attributes of new whitegoods that carry an
energy rating label and that were sold in Australia from 1993 to 2014 inclusive. All product types analysed in this
report have shown an improvement in energy efficiency over the study period, with some product types showing
a substantial improvement since data was first available in 1993.
Over the period 1986 to 1990 mandatory energy rating labels were progressively introduced in NSW and
Victoria for whitegoods, which includes refrigerators, freezers, clothes washers, clothes dryers and dishwashers.
In around 1992, energy rating labels for these whitegoods became mandatory across Australia. The star rating
equations for all labelled appliances were re-graded in 2000 together with an updated energy label design.
Mandatory minimum energy performance standards (MEPS) for refrigerators and freezers were introduced
throughout Australia in 1999. These MEPS levels were made substantially more stringent in January 2005 with
further changes made to the program in 2010, such as an additional re-grading of the refrigerator and freezer
energy label. This paper provides a summary of trends applicable to whitegoods over the past 22 years. For more
detail, readers should review the full report [1] and the associated detailed data output tables, which provide a
wide range of data by product by year over the analysis period.
Energy consumption is an attribute that is not apparent to consumers without information programs such as
energy rating labels, so credit for much of the improvement in those products that are only subjected to energy
labelling can be attributed to the labelling regime under the Equipment Energy Efficiency Program (E3). This
program has increased consumer awareness of energy efficiency and has created an increased demand for energy
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efficient products. It also encourages manufacturers to continually improve the energy performance of their
products. Reported levels of consumer awareness of energy labelling in Australia is high. In the case of
refrigerators and freezers, MEPS has also had a significant impact. This paper does not evaluate or quantify the
savings impact of these specific program changes, but it does provide solid data that facilitates such an analysis. It
provides clear quantitative data on the overall trends in appliance energy efficiency over time. An example of a
program impact evaluation for refrigerators and freezers is available in the study Evaluation of Energy Efficiency
Policy Measures for Household Refrigeration in Australia: An assessment of energy savings since 1986 [2].
1.2. Background
Since 1993, Australian and state governments have purchased retail sales data from a commercial source, GfK
Market Research. At various times over the past 20 years, governments have commissioned Energy Efficient
Strategies to undertake detailed analysis of this data and to prepare reports that document the key findings. Up to
2010, these reports were called Greening Whitefoods [3]. The latest report, commissioned by E3, was released in
2016 and includes data from 1993 to 2014 [1].
1.3. Coverage






The main report and this paper covers five types of major household electrical appliances:
Refrigerators;
Freezers;
Clothes washers;
Clothes dryers;
Dishwashers.

Throughout this paper there is reference to an average “star rating” within each appliance type. The original
energy rating labels were first introduced in the late 1980s and the star rating scale was revised in 2000 to make it
more “stringent” (star ratings for most models decreased under the 2000 scale). Star rating algorithms for
refrigerators, freezers and air conditioners were re-graded in early 2010. Data on trends based on the 2010 star
rating system for refrigerators and freezers has now been included for all years.
All attributes quoted in this report (such as energy, star rating, capacity and so on) are calculated on a “sales
weighted” basis, which means that individual appliance attributes by model are weighed in accordance with the
sales of each model in each year.
For each product type the main configurations are separately identified. For clothes washers, this includes top
loading and front loading (drum). For dryers this includes, vented, condensing, automatic, timer and heat pump
dryers. For refrigerators, data is broken into Groups as outlined in Table 1 [4]. Full details for each product type
for each appliance can be found in the main report.
Table 1. Summary of refrigerator Groups under AS/NZS4474.1.
Group

Description

1

All refrigerator with automatic defrost

2

Single door refrigerator with internal icemaking compartment (bar refrigerator)

3

Single door refrigerator with internal short term frozen food storagte

4

Two door refrigerator freezer with automatic defrost fresh food and manual defrost freezer

5T

Two door refrigerator freezer, top freezer, all compartments automatic defrost

5B

Two door refrigerator freezer, bottom freezer, all compartments automatic defrost

5S

Two door refrigerator freezer, side by side, all compartments automatic defrost

6C

Chest freezer

6U

Upright freezer with manual defrost

7

Upright freezer with automatic defrost

1.4. Methodology
Since energy labelling commenced in 1986, Australia has had a mandatory product registration system for all
products that are covered by Energy Labelling and / or MEPS. This has been a national on-line registration system
since 2000. Each model that is put on the market has to be registered with government with data provided on its
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energy specifications and a wide range of other attributes that are relevant to energy (capacity, water
consumption, performance etc.). A public component of this registration database provides technical information
on each current model and is available for consumer interrogation on the Energyrating website [5]. The
government holds a database of all registrations ever submitted (over 30 years). Data from the products database
is then cross matched with GfK model level sales data in each year to provide highly accurate tracking of sales
weighted characteristics of the market. This Australian approach is the gold standard in market monitoring
internationally [6].
The GfK model sales data is quite unique as it contains information on the actual retail price paid for each
model, which is valuable when undertaking a practical analysis of price and energy consumption and also for
tracking nominal and real appliances prices over the long term.
While the methodology is considered to be highly robust and accurate, there are a number of issues regarding
the source data which need to be considered when interpreting and evaluating this data. A full list of
considerations in included in the main report [1]. One important issue is that the energy values quoted are as
measured in the relevant AS/NZS standard as this is the information that is supplied to the the registration
database. It is important to have an understanding of these test procedures for each product type and how the
measured energy consumption is likely to relate to the energy consumption in the home during normal use. There
are a range of quite different considerations for each product before this energy data is used.
2. Results in sales weighted trends
2.1. Refrigerators
Market Trends: Total sales increased at 2.8% per annum over the 22 year period. Two door frost free
refrigerator/freezers (top and bottom freezers) – Groups 5T and 5B - still dominate the market with 71% of sales.
These Groups have generally accounted for over 65% of refrigerator sales since 2000. Since 2000 the Group 5T
share has fallen from around 58% to 42% while Group 5B share has increased from 10% to 30%. Side by side
(Group 5S) refrigerators sales share peaked at 15% in 2009 and has now fallen to a 10.3% share in 2014. It appears
that larger Group 5B models (primarily French door configurations) are displacing Group 5S sales.
Average fresh food and freezer volumes are relatively stable after freezer volumes increased significantly
during the 1990s, although total average volume continues to increase slightly. Sizes within most Groups are
steady, but there is an ongoing shift in market share to Groups with a larger average volume. Price trends within
each Group are quite variable. Some Groups have experienced increases in nominal prices over the analysis
period while others have experienced falls in nominal prices.
Energy: Energy consumption decreased at an average of 2.5% per annum from 1993 to 2014 (see Fig. 1).
Energy consumption after MEPS 2005 was static until 2009, but there has been some improvement in energy
consumption since labels were re-graded in 2010. Fig. 2 shows trends in energy consumption and real price over
the period 1993 to 2014.
Energy efficiency (taking account of changes in volume) increased at 2.7% per annum over the period. Under
the 2010 star rating system, the average star rating increased from -0.1 in 1993 to 2.43 in 2014.

Fig. 1. Trends in refrigerator relative energy consumption from 1993 to 2014.
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Fig. 2. Trends in refrigerator energy consumption and real prices from 1993 to 2014.

2.2. Freezers
Market Trends: Total sales grew at an average of 2.3% per annum, although the majority of this increase
occurred in years 2003 to 2008. The average volume of freezers has decreased significantly from 1993 to 2014.
The sales of frost free vertical freezers (Group 7) are mostly steady, while manual defrost vertical freezers (Group
6U) increased very sharply over the period 2003 to 2008, but have decreased since 2008. Chest freezer (Group 6C)
sales constitute 43% of the market and their share has decreased slightly over the period, although it remained in
the range 40% to 50% of all freezer sales.
Group 6U has experienced a decrease in nominal price over the analysis period (partly because average size
has decreased) while Groups 6C and 7 have experienced fairly static nominal prices over the period. Group 7
products have also become smaller.
Energy: Energy consumption decreased at an average of 2.6% per annum from 1993 to 2014, with the most
significant decline occurring in the lead up to 2005 (see Fig. 3), linked to the introduction of the more stringent
freezer MEPS in January 2005. Energy efficiency (taking account of changes in volume) increased at 2.2% per
annum over the period. Under the 2010 star rating system, the average star rating for freezers increased from
0.57 in 1993 to 2.46 in 2014. Trends in energy and real price are shown in Fig. 4.

Fig. 3. Trends in freezer relative energy consumption from 1993 to 2014.
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Fig. 4. Trends in freezer energy consumption and real prices from 1993 to 2014.

2.3. Clothes washers
Market Trends: Total sales increased at 3.2% per annum over the analysis period. Front loading machines have
dramatically increased their market share and constituted 49.1% of all machines sold in Australia in 2014, with the
balance primarily made up of top loaders. Average capacity is increasing steadily for both front and top loading
machines and the average is now 7.6kg and 7.3kg respectively for these types. Average water consumption for all
washer types decreased by 3.0% per annum over the period. Prices decreased slightly in nominal terms for top
loaders and have been steady in nominal terms for front loaders for the last decade, with overall nominal prices
declining at -0.5% per annum from 1993 to 2014. Real prices have declined at -2.9% per annum from 1993 to 2014
(top loaders at -3.8% per annum, drum at -2.5% per annum). Combination washer-dryers peaked in market share
at 4.5% in 2006, but have since decreased to 1.4% in 2014.
Energy: Energy consumption showed a slight decrease until 1998, then there was an increase in energy in 1999
and 2000 (see Fig. 5). This increase was present in top loading machines only. Since 2000, energy consumption has
been declining, although there was a slight increase in 2005. The energy for front and top loaders increased
somewhat from 2009 to 2011 – this appears to be mostly driven by increases in capacity during that period,
although the energy intensity of both types also increased slightly. Most of the overall decrease in average energy
for clothes washers is a result of the increased market share of front loaders (which have lower energy) as the
energy trends for each type have been relatively stable over time. The 2000 average star rating increased from
1.28 in 1993 to 3.92 in 2014. Trends in energy and real price are shown in Fig. 5.

Fig. 5. Trends in clothes washer energy consumption and real prices from 1993 to 2014.
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2.4. Clothes dryers
Market Trends: Total sales increased at an average of about 3.7% per annum from 1993 to 2014, with a steady
increase in sales throughout the period, but with some variation from year-to-year (dryer sales are somewhat
discretionary and annual sales are driven by weather and economic conditions). The market share of auto-sensing
dryers has increased significantly from 10% in 1993 to 53% in 2014. Condenser dryers have only a small market
share (around 10.1%). Heat pump dryers first appeared in significant numbers in 2010 and have climbed to a
market share of nearly 4% in 2014. Average load capacity was relatively static from 1993 to 2007, but has
increased since then by around 20% due small increases in capacity of all types and a small shift in sales to larger
types (condensing dryers and heat pump dryers). The nominal average price of clothes dryers increased at around
1.9% per annum, mainly driven by increasing market share of auto-sensing models, and in later years, condenser
models, which were generally more expensive than vented timer models. However, real prices declined at -0.4%
per annum from 1993 to 2014. Heat pump dryers are also significantly more expensive and their increased share
has pushed up average prices marginally. Nominal prices of vented dryers have been declining over time. Heat
pump types and condensing dryers showed a strong decrease in average price in recent years.
Energy: Energy consumption remained static from 1993 to 2014 (see Figure 7). Under the 2000 star rating
system the average star rating increased from 1.22 in 1993 to 2.09 in 2014 due to increases in capacity. Trends in
energy and real price are shown in Fig. 6.

Fig. 6. Trends in clothes dryer energy consumption and real prices from 1993 to 2014.

2.5. Dishwashers
Market Trends: Total sales increased strongly with a growth of 5.6% per annum from 1993 to 2014, which
reflects the increasing penetration of this product in the residential sector. Average capacity (place settings) has
been stable since 1996. Water consumption decreased by over 3.9% per annum over the period. Nominal prices
declined slightly at -0.5% per annum from 1993 to 2014, but real prices declined at -3.1% per annum.
Energy: Energy consumption decreased at an average of 2.7% per annum from 1993 to 2014, although the rate
of decline has slowed since 2006. Under the 2000 star rating system the average star rating increased from 1.88 in
1993 to 3.3 in 2014. Trends in energy and real price are shown in Fig. 7.
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Fig. 7. Trends in dishwasher energy consumption and real prices from 1993 to 2014.

3. Sales weighted price – energy regression for refrigerators in 2013
An analysis of the price-efficiency relationship in the Australian market has been conducted using 2013
refrigerator and freezer sales data. The primary data source for the analysis was the GfK sales by model for the
year 2013 [7]. This dataset reports each brand and model sold during the period January 2013 to December 2013
by retailers in Australia and includes the actual average retail price paid for each model. It represents total sales of
around 1.1 million products in that year, covering more than 95% of the total retail market.
Refrigerators and freezers range in complexity, size and energy consumption. As expected, the price and
energy efficiency varies considerably by model. Some refrigerator types have historically shown some correlation
between price and efficiency, but based on previous analysis, the overall relationship tends to be weak [8]. The
2013 dataset obtained for analysis in this project is one of the most comprehensive available in Australia as
energy and actual price data for virtually every model on the market has been reported. This is an update of the
previous analysis undertaken for the 2008 Regulatory Impact Statement [8]. However, this analysis has used an
improved sales weighted regression approach, which gives more robust and reliable results.
The general approach was to split each model of refrigerator and freezer into their respective Groups in
accordance with AS/NZS 4474.1 [4]. Both the price and energy consumption are generally highly correlated with
the volume of a refrigerator. However, the price per litre and the energy per litre vary considerably between
Groups and also vary by model within a Group. Given that Groups are a convenient way of splitting products into
categories with broadly similar designs and features, this analysis has considered each Group as a separate selfcontained category for the purposes of analysis. The sales weighted approach adopted for this analysis allows
every model to be included in the analysis and their influence on each overall regression is weighted by the the
sales of the model. The methodology has three steps as follows:
 Establish a sales weighted relationship between volume and energy and a second relationship between volume
and price for each Group.
 Using the sales weighted relationship established in Step 1, determine whether each model uses more or less
energy than average (for its size) and whether it is more or less expensive than average (for its size) when
compared to the sales weighted average for the Group. The normalised price and energy for each model is
then calculated as the ratio of actual price/energy to the regression price/energy.
 Perform a sales weighted regression of normalised energy versus normalised price to establish whether models
that use more energy than average are more or less expensive than average.
Full details of the methodology are shown in the main report [1]. For each group, a visual representation of the
analysis is shown in Fig. 8, Fig. 9 and Fig. 10 for Group 5T, which is the Group with the largest sales. In these
figures, the size of the data points represents sales – higher sales have a much stronger influence on the least
squares linear regression using a sales weighted approach. The advantage of this approach is that all sales can be
included – even those with abnormally high price with small sales.
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Fig. 8. Sales Weighted Volume Energy Regression for Group 5T.

Fig. 9. Sales Weighted Volume Price Regression for Group 5T.

Fig. 8. Sales Weighted Regression of Normalised Energy Versus Normalised Price for Group 5T.
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The results of the sales weighted regression of normalised energy versus normalised price are shown in Table
2. The slope gives an indication of the relationship between energy and price. A slope of 0 means there is no
apparent relationship between energy and price for the Group after removing the effect of size. A slope of -1.0
would mean that a 1% reduction in energy would be accompanied by a 1% increase in price. Similarly, a slope
of -0.5 would mean that a 1% reduction in energy would be accompanied by a 0.5% increase in price. A zero slope
indicates that products with lower or higher than average energy are neither likely to be more expensive or
cheaper than an average product.
Table 2. Normalised Energy–Normalised Price Regressions by Group in 2013.
Intercept

R2

Models

Comments

1

Energy-Price
Slope
-0.911

1.928

0.032

47

Expected slope, low R2

2

-0.288

1.291

0.041

80

Expected slope, low R2

3

-1.553

2.566

0.202

6

Too few models

4

-2.199

2.647

0.078

6

Too few models

5T

-0.222

1.227

0.027

154

Expected slope, low R2

5B

0.613

0.409

0.020

206

Inverse slope, low R2

5S

0.187

0.814

0.004

91

Inverse slope, very low R2

6C

0.079

0.924

0.002

38

Inverse slope, very low R2

6U

-1.615

2.613

0.400

68

Expected slope

7

-0.345

1.341

0.018

40

Expected slope, low R2

Group

In Table 2, a positive slope of the energy-price regression means that for this Group a unit which is more
expensive also tends to use more energy. This does not make sense in terms of an expected price impact on
efficiency. In these cases there must be other factors that have influenced the price of certain products in the
Group, which may or may not be related to efficiency. Features like stainless steel can have an impact on price but
will have no direct impact on energy consumption. Groups 5B, 5S and 6C all showed positive slopes for the
energy-price regression. However, in all three cases the correlation coefficient was almost zero, indicating that
there is almost no practical correlation between energy consumption and price. Group 5B models with French
doors are more expensive and use more energy. Similarly, side by side models with through the door icemakers
are also more expensive and use more energy, so these factors may in part explain the correlation results.
Even though analysis of the data suggests that there is only a weak price efficiency relationship, this
assumption only holds true for the products on the market in 2013 and it does not mean that endless efficiency
gains can be forced onto manufacturers with a low cost penalty. This regression also needs to be considered in
the context of long term price and energy trends for refrigerators. Analysis for each product has shown that
average energy and average prices have fallen substantially together over the past 20 years, so the relationships
found in 2013 need to be interpreted in the context of long term downward trends for both price and energy. Real
price trends over the past 22 years for each group are shown in Table 3. These changes also need to be
interpreted in the context of changes in volume by Group over time.
Table 3. Changes in Refrigerator and Freezer Real Prices from 1993 to 2014.
Group

Change per annum 1993 to 2014

1

-1.3%

2

-3.9%

3

-2.8%

4

-3.9%

5T

-4.7%

5B

-1.3%

5S

-3.7%

6C

-2.5%

6U

-3.6%

7

-2.3%

Refrigerators (Groups 1-5)

-1.9%

Freezers (Groups 6,7)

-2.2%

9

The overall decrease in real price for all types of freezers is lower than for each freezer Group individually due
to an increase in market share of Group 7 products, which are considerably more expensive. Similarly, the overall
decrease in real price for all types of refrigerators is lower than for most Groups as there has been a general
market shift from smaller, cheaper Groups to larger, more expensive Groups.
4. Conclusions
Appliance energy consumption for most major whitegoods (except clothes dryers) has been declining steadily
for over 20 years and the energy consumption for these products is now around 40% lower than it was 20 years
ago. Much of the credit for this strong ongoing improvement must be attributed to energy labelling and MEPS,
which encourages consumers to select more efficient models and manufacturers to make ongoing improvements
in the models that they offer. The case of clothes dryers is an anomaly amongst the whitegoods. This is because
the basic technology has remained unchanged for many decades and it is a very low cost appliance that is
reasonably common but has low use in many households. However, the advent of affordable heat pump dryers is
now likely to put strong downward pressure on dryer energy consumption into the future as heavier dryer users
seek out high efficiency options. Continued price falls will drive these trends into the future.
An analysis of the refrigerator market in 2013 found that there was only a weak correlation between energy
consumption and price for most groups and no correlation for some groups. A related observation is that in
parallel with the strong downward trend in energy consumption, there has been a substantial decrease in real
prices for most whitegoods in the long term. This effect has been reported in many countries around the world
and is not unique to Australia [9, 10]. Real price reductions appear to be driven mainly by improvements in
manufacturing efficiency and reductions in material costs. The existence of energy labelling has also put energy
efficiency onto the agenda of manufacturers. MEPS for refrigerators and freezers has forced energy consumption
to fall in dramatic steps. Even large decreases in energy forced by MEPS appear to have little impact on long term
real price declines by Group for refrigerators [2]. However, policy makers should not treat this as a magic pudding
– there will certainly be costs to industry where substantial policy impositions like MEPS are applied. However,
where policies are implemented in an orderly and coherent manner, manufacturers appear to be able to minimize
the cost impacts of improving efficiency. A level playing field is key in this respect: manufacturers are happy to
improve their products as long as their competitors are also required to do so and competition remains fair.
The key lessons for policy makers is that good market data provides a solid information base to develop and
maintain energy policies to keep them effective and relevant. However, a program like energy labelling really
needs to exist so that objective energy and performance data can be cross matched with sales data in order to
provide deeper insights. Sales data without energy data is of low value. This type of data also provides a solid base
for comprehensive program evaluation, which is critical in objectively quantifying longer term policy impacts.
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