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Demand response: a strategy to address residential
air-conditioning peak load in Australia Y
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Abstract Rapid growth in electricity network peak
demand is increasing pressure for new investment which
may be used for only a few hours a year. Residential air-
conditioning is widely believed to be the prime cause of the
rise in peak demand but, in the absence of detailed residential
demand research, there is no bottom-up empirical evidence
to support this supposition or to estimate its impact. This
paper first examines the developments in network peak
demand, at a national, network distribution, and local dis-
tribution feeder level to show recent trends in peak demand.
Secondly, this paper applies analytics to the half-hourly
consumption data of a sample of Ausgrid’s interval metered
customers, combined with local weather data, to develop an
algorithm which can recognize air-conditioner use and can
identify consumption patterns and peak load. This estimate is
then compared to system peaks to determine residential air-
conditioning’s impact on overall demand. Finally, this paper
considers the future impacts of air-conditioning load on peak
demand as penetration rates reaches saturation levels and
new minimum energy performance standards take effect
reducing new units peak impacts.
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1 Introduction

Electricity peak demand is increasing rapidly in Aus-
tralia in the past decade, driven by the connection of new
businesses and homes, and also by a rise in the use of air
conditioners. The residential air-conditioning load is
widely believed to be a significant portion of electric utility
peak load, which is a major driver of investment for
electricity network and generating facilities. This rapid
uptake has major ramifications for national electricity
infrastructures and requires large investment to cope with
short peaks in load. The federal government energy white
paper [1] characterizes this problem as a customer’ pur-
chase of a $1,500 air-conditioner driving $7,000 of extra
augmentation capital expenditure across the electricity
grid. Therefore, if without detailed residential air-condi-
tioning load research, there will be no bottom-up empirical
evidence to estimate its impacts and to reduce growth-
related infrastructure investment.

Many Australian utilities have identified the enormous
challenges of the increasing peak demand to the operation
of future power grids [2]. They are devoting increasing
resource to address the peak demand problems, and are
promoting industry and academia to conduct joint research
to improve transition of latest research results into indus-
trial applications. Shaving or shifting the peak demand is
one of the most direct ways to address the air-conditioning
load issues. A lot of interests have been directed towards
shifting peak load to off-peak periods. Four key initiatives
are listed as follows [3].

1) Keep the customers updating with varying prices and
let them decide when to modify or curtail their energy
use;

2) Direct load control of major contributors of peak
demand (air conditioning, pool pumps, water heaters,
and etc);
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3) Small-scale distributed generations (solar, wind, elec-
tric vehicles, energy storage, and etc);

4) Improve energy efficiency standards (buildings ther-
mal performance, electric appliance efficiency, and
etc).

Large-scale deployment of these programs has the
potential to reduce the need for expensive peak genera-
tions, to provide significant bill savings for customers, to
enhance electric system reliability, and to increase the
penetrations of intermittent renewable energy [4]. How-
ever, at the current stage, most of the activities and ini-
tiatives aiming at reducing peak load focused on the
commercial and industrial sectors where are logistically
easier to be implemented than in the residential sector [5].
But it is reported that the peak demand from residential air
conditioners will grow more rapidly in the near future.
Consequently, the key element for further development is
to design a program which can help to address the peak
demand of residential air-conditioning units directly. While
progress has been made in recent years, more effort is
needed in the future.

This paper is organized as follows - after introduction
section, the developments in network peak demand, at a
national, network distribution, and local distribution feeder
level is examined to show recent trends in peak demand.
After that, half-hourly metered customer load data from
Ausgrid, combined with local weather data is used to
develop an algorithm which can predict air-conditioner
existence and identify consumption patterns and peak
demand, followed by the determination of residential air-
conditioning’s impacts on the whole power network. Finally,
future impacts of air-conditioning load on peak demand as
penetration rates reaches saturation levels are discussed and
new minimum energy performance standards take effect
reducing new units peak impacts are proposed. Conclusions
and further developments are provided in the last section.

2 Customer demand and temperature

In this section, the developments in network peak
demand are studied to show recent trends in peak load.
Moreover, the load patterns and the temperature profiles
are studied together so that the average phase relationship
between the demand and the temperature in four seasons
can be observed respectively.

2.1 National demand

Summary of national demand in different years is shown
in Table 1.
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Table 1 Summary of demand of Australian NEM (mw)

Year Maximum Mean Median Minimum
2009 35,433.42 23,408.38 23,561.79 15,881.00
2010 33,752.42 23,329.49 23,543.23 15,455.58
2011 34,887.65 22,924.67 23,166.51 15,144.41
15000 T
1| I NSw
| Il oL
12000 - -+t i =$:S !
| B vic
ko] Vo ' - . .
C ' '
g Do : :
& 6000 |- LR 1 -
[a] B . .
0

2009 2010 2011

Fig. 1 Regional peak demand in Australian NEM

Regional peak demand in Australian national electricity
market (NEM) is shown in Fig. 1. The Australian NEM is
composed of the states of New South Wales (NSW),
Queensland (QLD), South Australia (SA), Tasmania
(TAS), and Victoria (VIC) [6]. The average electricity
demand in the east Australian states of NSW, QLD, and
VIC are much higher than that of the other two states. In
the NEM, demand for electricity has been falling in recent
years; however the rise in peak demand has been even
more pronounced [7]. Our study shows that a significant
portion of the reduction in electricity demand in the NEM
is attributed to a shift away from grid-sourced electricity.

2.2 Household demand

In the past decade, residential load has undergone sub-
stantial changes with higher volatility and greater unpre-
dictability. In the following study, the half-hourly end-user
metered load data from 180 of Ausgrid’s customers is
analysed. The demand data covers one year, from 01 May
2010 to 30 April 2011. The comparisons of the half-hourly
average customer household load of four seasons are
shown in Fig. 2. The four seasons in Australia are winter
(Jun.—Aug.), spring (Sep.—Nov.), summer (Dec.—Feb.), and
autumn (Mar.—May).

The figures above illustrate the different level of aver-
aged customer load of four different seasons. It is easy to
find the household demand in winter is higher than in the
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Fig. 2 Half-hourly average customer household load of different
seasons
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Fig. 3 Distribution of load variations of one customer

other seasons during the studied period. It is noticeable that
the daily demand in winter is between 0.2 and 1.0 kW,
with two peaks in the morning and in the evening,
respectively. The lowest point is at around 04:00 in the
early morning. On the contrary, in summer, the daily load
curve is relatively flat, which climbs from early morning to
late evening gradually, and then drops rapidly to the
morning level again. The demand in spring and autumn
show basically the same patterns as it is in winter, but only
in much lower levels. Generally, in Australia, the equip-
ments that drive summer peak demand include air condi-
tioners, pool pumps, and etc. In winter, electricity needed
to operate heating systems significantly contributes to the
peak demand. The basic load is driven by devices that are
used year-round, like fridges, electric water heaters, dish-
washers, clothes washers and dryers, hot tubs and waterbed
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Table 2 Statistics of customer load variations (kW)

Customer Mean Std. Max. J.U. Max.
1D J.D.

1 —6.56E—06 9.48E—02 1.236 0.935
2 4.28E—06 2.42E—01 2.637 2.055
3 1.06E—05 2.64E—01 2.511 2.130
4 —1.71E-07 2.14E-01 1.796 1.402
5 1.82E—05 2.09E—01 2.379 1.745
6 —1.20E—05 1.31E-01 1.465 1.144
7 —9.93E—-06 1.55E—01 1.719 1.653
8 —2.11E—-06 4.77E-01 4.095 3422
9 2.28E—07 2.61E—01 1.523 1.768
10 —1.25E-05 1.62E—01 2.077 2.008
11 —3.03E—-06 3.40E—01 3.960 3.662
12 7.64E—05 2.88E—01 2.416 2.083
13 5.71E—08 1.02E—01 2.294 1.559
14 6.28E—07 2.28E—01 1.864 1.510
15 1.37E-06 1.26E—01 1.365 1.290
16 2.45E—06 2.03E—01 1.765 1.962
17 —8.56E—07 2.77E—01 2.350 2.085
18 4.77E-05 2.89E—01 2.615 2.064
19 1.49E—05 4.13E-01 4.592 4.328
20 2.28E—06 1.97E—01 2.008 2.515
21 —5.71E—-07 1.58E—01 2.054 1.721
22 —6.28E—06 1.37E—01 1.338 1.323
23 —7.47E-05 4.76E—01 3.715 3.130
24 —6.85E—06 2.17E—01 2.417 1.712
25 3.11E-05 6.13E—01 6.125 4.142

Note: “J.U.” means “Jump Up”, “J.D.” means “Jump Down”

heaters. In Fig. 3, the results show that the half-hourly
variations of all household demand are distributed
according to normal distributions, with same mean values
but with different standard deviations. In Table 2, the sta-
tistic results of 25 customers are provided.

2.3 Temperature

Half-hourly average temperature of different seasons is
shown in Fig. 4. From the result above, we can find that
temperature changes across one day, normally with a high
period of temperature in the early afternoon followed by a
drop until the early morning. The peak temperature occurs
at approximately 13:00-15:00 in the afternoon, which is
different as the peak demand at 07:00-09:00 and
18:00-21:00. Moreover, there are significant variations in
average temperature between four seasons, with higher
temperature expected in summer compared to in spring,
autumn, and winter. In addition, the duration of high
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Fig. 4 Half-hourly average temperature of different seasons
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Fig. 5 Temperature vs. load of one customer

temperature periods change between four seasons, with
peaks in spring and summer lasting longer.

2.4 Temperature vs. demand

The average household demand vs. average temperature
is shown in Fig. 5. Each point represents an observation of
temperature versus demand in that time period for a given
working day. The striking feature of the graph is the nearly
v-shaped structure. The joint of the “v” in peak periods is
around 18-20 °C. As temperatures increase above this
level, demand increases; similarly, at temperatures below
this level, loads also increase. Therefore, outdoor weather
conditions are crucial in determining residential energy
consumption for household air-conditioning appliances.
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Fig. 6 Averaged customer load of five mild days vs. five hottest days
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Fig. 7 Averaged customer load of five mild days vs. five coldest days

In order to show the weather impacts more clearly, all
the household demand from Monday to Friday is aggre-
gated to show the difference between five mild summer
days and five hottest days in Fig. 6, five mild winter days
and five coldest days in Fig. 7. The average demand curves
are peakier for hot and cold days due to increased air
conditioning load.

3 Air conditioner use pattern study

In this section, half-hourly metered customer load data
from Ausgrid, combined with local weather data is used to
develop an expert system which can predict air-condi-
tioners existence and identify consumption patterns. And
then air-conditioning load is extracted from household load
data in order to evaluate the impacts of household air
conditioners.
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3.1 Air conditioner existence prediction

An expert system is developed to identify the existence
of air conditioner from the household load data. The expert
system contains a knowledge base containing accumulated
experience and a set of rules, which are expressed with
natural language rules “IF ... THEN ...” [8]. This expert
system could be enhanced with additions to the knowledge
base or to the set of rules. With the expert system, the
customer load data is firstly analyzed for jump up/down
that larger than 0.5 kW load. The followings are some
expert knowledge used to predict the existence of air
conditioners.

1) Larger than median value of half-hourly load in this
month [0.5-1.0 kW (41), 1.0 kW-1.5kW (42),
>1.5 kW (+3)];

2) Load jump up or jump down 0.5-1.5 kW [0.5-1.0 kW
(+1), 1.0 kW-1.5 kW (42), >1.5 kW (+3)];

3) Find some patterns which happen at the same time
every day or most of the days in this month (e.g. pool
pump);

4) Do not turn on or turn off air conditioners frequently,
normally keep on/off for at least 1 h (e.g. electric water
heater) and do not use for over 24 h;

Table 3 Survey vs. prediction results

Survey Prediction

ww “WO” wpy “WO”
108 72 103 77
Misclassified customer 13

Prediction accuracy 92.78%

Note: “W” means “WITH”, “WO” means “WITHOUT”

Air Conditioner ON/OFF State - Customer ID 1

Month

;
123456 7 8 9101112131415161718 192021222324
Time

Fig. 8 Air conditioner ON/OFF states recognition of one customer
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5) Normally turn on air conditioners in hot summer days
or cold winter days.

Table 3 shows the survey vs. prediction results.

The promising prediction performance based on the
demand data illustrates the efficiency of the proposed
expert system. The recognized air conditioner ON/OFF
state of one customer is provided in Fig. 8. It shows that
the air conditioner is normally turned on during hot sum-
mer days. Although the power ratings of air-conditioning
appliances for each house are not known, based on pre-
diction results above, the power drawn by air conditioners
at each house can be estimated.
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Fig. 9 Number of air conditioners is ON in hot summer days
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Table 4 Air conditioner on ratio in summer and winter peaks

Season Date ON ratio/% Average
time/h
Summer 31/01/2011 62.04 11.67
Summer 01/02/2011 83.33 14.02
Summer 02/02/2011 75.93 15.44
Summer 03/02/2011 73.15 14.20
Summer 04/02/2011 65.74 14.30
Winter 19/07/2010 2.78 1.00
Winter 20/07/2010 2.78 1.00
Winter 21/07/2010 1.85 1.00
Winter 22/07/2010 6.48 1.00
Winter 23/07/2010 2.78 1.00

3.2 Impacts of residential air-conditioning load

Another factor which is of interest is how many of air
conditioning units are turned on at peaks. In the studied
area, the number of air conditioners turned on during hot
summer days and cold winter days are presented in Figs. 9
and 10. Air conditioner on ratio in summer and winter
peaks is shown in Table 4. The study shows that more than
60% air conditioners are turned on during peak summer
days, and this figure reaches 83% on extreme hot day. A lot
of customers run their air conditioners over 12 h on peak
days, but in winter, the average operation time is only 1 h.
It is reasonable because the weather at summer peak is
extremely hot in Australia, so air conditioners continuously
operate for longer time.

The summer heat and winter cold pushes an increase in
the penetration of air-conditioning load, therefore, change
both the magnitude and composition of the system demand.
Along with the higher load come several problems, the
extensive usage of household air-conditioner is leading to
capacity straining load peaks, increasing the costs of
electricity supply and volumes of greenhouse gases emis-
sions. Moreover, if the air-conditioning load reaches cer-
tain portion of feeder load, then it is very likely to cause
security and reliability problem [9, 10]. The recent load
peaks have resulted in supply disruptions, and on some
occasions, high spot price on the NEM [11]. Accordingly,
initiatives to curtail/shift peak demand have significant
future potential value in terms of reducing growth-related
infrastructure investment and improving system reliability.
Fortunately, demand response programs provide an effec-
tive solution to the residential air-conditioning load prob-
lem. Demand response refers to “changes in electric usage
by end-use customers from their normal consumption
patterns in response to changes in the price of electricity
over time, or to incentive payments designed to induce
lower electricity use at times of high wholesale market
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prices or when system reliability is jeopardized” [12].
Turning on and off air conditioning appliances doesn’t
change indoor temperature immediately. As a result, air
conditioning appliances become important and effective
objects in demand response programs. Nowadays,
increasing number of Australian utilities is moving towards
supporting wide scale introduction of interval metering and
design of demand response programs to improve the effi-
ciency of the NEM. In the next section, a number of bar-
riers blocking the further applications of demand response
programs will be discussed.

4 Barriers of demand response

Demand response programs can effectively adjust the
imbalance between supply and demand, prevent overin-
vestment and ensure safe and reliable operation of power
network, and can promote fairer marketing by introducing
new competition mechanisms [13]. However, limits on the
number of customers called for demand response programs
reflect the deficiency of current demand response technol-
ogies and low level of customer acceptance. Some of the
major barriers are summarized as follows.

1) Lack of advanced metering infrastructure;
At current stage, a great majority of residential
customers in Australia are billed for electricity using
the traditional meters, which can only record the
accumulated electricity consumption. Customers are
billed according to the difference between the previous
reading and the latest one. In the future, real-time
information, such as price, will be delivered to custom-
ers more effectively through smart meters. Control
signals become more widely accessible through com-
munication networks. All these technologies will facil-
itate the application of more intelligent and customer-
friendly demand response programs, allowing custom-
ers to identify and target discretionary loads that can be
curtailed or shifted [4]. A roll-out of smart meters and a
shift to time-of-use pricing structures along with in-
home energy displays provides the best way to reduce
air-conditioning peak load.
2) Lack of interoperability and open standards.

Although the increasing number of air conditioner
suppliers ensures that their products are compatible with
different demand response programs, there is no open
standard for all brands of air-conditioning appliances.
Furthermore, a lot of installed air-conditioning units
cannot be enhanced to provide demand response
function. Some elements are needed to be incorporated
into these air conditioners specifically to facilitate
participation in different demand response programs.
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To some extent, it may raise the overall implementation
cost and reduce the potential benefits of these programs
correspondingly. Governments and policy makers
should encourage demand response programs with
generous subsidies and with regulatory support, which
will help to reduce the costs and risks to programs
sponsors and to air-conditioning unit users. Further-
more, programs sponsors will be more willing to
develop and offer air conditioner demand response
program and end-users will have more options.

3) Lack of effective demand response programs.

A series of demand response strategies involving air
conditioning systems are provided in [13]. Generally
speaking, each strategy has its own merits and draw-
backs. Many attempts try to merge some of the
individual implementations together into a new strat-
egy, so that it can overcome individual disadvantages
and benefit from each others’ advantages. The simplest
but most useful strategy is to increase the temperature
setting point for an entire facility, thereby reducing the
electric load. It can be implemented by changing set
points in one step or several steps, or by increasing over
time. In the future, one or multiple strategies can be
selected and applied together or in sequence to realize
demand response according to specific characters of air-
conditioning appliances.

4) Lack of customer awareness and participation.
Creating customer awareness and increasing active
participation is the most significant factors in demand
response programs. A lack of understanding of initia-
tives has negative effects on customer awareness and
participation in demand response programs. This situ-
ation is likely to change if participations are driven by
consumer demand due to increased awareness, and if
programs are supported by governments and utilities.
For example, time-of-use pricing is necessary to moti-
vate consumers to act on their own but is not the only
way to motivate consumers to participate in demand
response programs [ 14]. In order to recruit customers to
participate in these programs, it is necessary to offer
certain financial benefit. Utilities could offer a flat or
graduated incentive in return for the authority to
consumer’s appliances up to certain number of hours
each year.

5 Conclusion

Due to the rapid growth in residential air-conditioning
unit, the development of demand response programs to
directly address the air-conditioning peak load effects is

STATE GRID

becoming increasingly urgent. In this paper, the residential
load data from Ausgrid combined with local weather data
is used to develop an expert system, which can predict air-
conditioner existence and identify usage patterns. The
promising prediction performance illustrates that this
expert system can be used as an accessorial tool by demand
response sponsors. Due to many barriers, the current
development of demand management measures targeting
air conditioners is relatively slow. Governments and policy
makers should work together to encourage demand
response programs with generous subsidies and with reg-
ulatory support. In the near future, the widespread demand
response programs will play a critical role in shifting air-
conditioning peak load.
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