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Abstract
Due to the availability of low cost air conditioning (AC) imports combined with inexpensive electricity to power them, the
rapid uptake of residential AC systems is creating major problems for electricity network infrastructure, particularly on
peak summer days. By using automated demand response (DR) signals, energy service providers aim to constrain the
electrical demand that these systems place on the grid. One such DR signalling standard being developed in Australia is
AS4755.3.1 that defines how air conditioning appliances respond to a set of initiating signals for reducing energy
consumption. This paper highlights what we see as limitations in the current standard and provides an overview of key
changes proposed in the latest draft standard. To better illustrate the operation and limitations of AS4755.3.1 enabled AC
systems, results from a number of experiments on a real inverter based AC system are presented, undertaken in the
CSIRO National HVAC Performance Test Facility in Newcastle, NSW Australia. Key findings show that given oversized
AC systems for the space they service, the current version of the AS4755 standard may not achieve the magnitude of DR
implied by the DR signal definitions. Results are also presented that suggest additional signalling modes not currently
defined in the standard could enable a greater demand reduction for longer periods and with improved end user comfort.
Keywords: Air conditioning, AS4755, Demand Response, Automated control.

1. INTRODUCTION
An ever increasing uptake of residential AC systems in developed and developing countries can be predominantly
attributed to the availability of low cost AC imports combined with what has been relatively inexpensive electricity to
power them. At times of extreme heat (typically occurring over a few hours or days in each year) when a large proportion
of people in Australia require more electricity to cool their homes and businesses, the grid can become constrained. The
impact of this ‘peak’ demand is analogous to a busy highway at peak hour. Adding an extra lane (requiring significant
investment) on the highway can alleviate congestion at peak times. However, outside of peak hour the additional lane is
seldom used. Similarly, increasing the capacity of the grid to cater for extreme peak demand can alleviate congestion
issues. However, the costs of augmenting the grid are significant. Australian National Electricity Market (NEM) load
duration data highlights that around the top 20 percent of maximum demand occurs for less than 2 percent of time. This
implies that investments made to meet peak demand are significantly underutilised.
By using automated demand response (DR) signals, energy service provides aim to constrain the electrical demand that
these systems place on the grid, thus avoiding costly upgrades and helping to minimise electric price increases. With
AS4755.3.1 DR standard [2] enabled air conditioning (AC) systems now widely available for residential systems, a
mechanism exists that enables large scale DR using standardised signals and interfaces. Although the current version of
AS4755.3.1 is a significant first step to enabling large-scale residential DR in Australia, this paper provides empirical
evidence of what we see as limitations in the current standard and provides an overview of key changes proposed in the
latest draft standard. To better illustrate the operation and limitations of AS 4755.3.1 enabled AC systems, results from a
number of experiments on a real inverter based AC system are presented, undertaken in the CSIRO National HVAC
Performance Test Facility located in Newcastle, NSW Australia.

2. DEMAND RESPONSE AND AUSTRALIAN STANDARD AS4755
A demand response is defined as an automatic alteration of an electrical product’s normal mode of operation in response
to an initiating signal [3]. The signal may be initiated remotely by an energy service provider or directly by the end user,
however the latter is uncommon perhaps due to a lack of technical knowledge on the demand response enabling device
(DRED) interface [3], or more likely due to the end user having more accessible controls (via the supplied remote control)
to initiate desired control actions that result in energy and/or cost savings. First published in Dec. 2009, AS4755.3.1 aims
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to reduce the amount of energy that air conditioners use, which in turn reduces the demand placed on the grid. For the
benefit of the reader, a comprehensive list of AS4755 compliant air conditioner models in Australia is available at [4].
In addition to AS4755, another DR protocol gaining industry support worldwide is OpenADR 2.0 [5]. As OpenADR
allows two-way signalling, an advantage over AS4755 is that it can be used to gain immediate feedback from the
controlled devices including instruction acknowledgement and the actual amount of energy/demand reduction. Although
intended for commercial building applications, there is no reason why OpenADR could not be used for residential
applications.
2.1 Australian Standard AS4755.3.1:2012
A demand response operational instruction as defined in AS4755.3.1 [1] can take the form of three modes: demand
response mode (DRM) 1, 2 or 3. A demand response event is the period between the initiation and termination of an
operational instruction. Each of these modes affects the air conditioner energy usage as described in the Table 1.
Table 1: Demand Response Modes as defined in AS4755.3.1:2012.

DRM
DRM1
DRM2
DRM3

Description of Operation in this Mode
Compressor off (indoor unit fan may still run)
The electrical energy consumed by the air conditioner in a half hour period is not more than 50% of the
total electrical energy that would be consumed if operating at the rated capacity in a half hour period
The electrical energy consumed by the air conditioner in a half hour period is not more than 75% of the
total electrical energy that would be consumed if operating at the rated capacity in a half hour period

Currently, only DRM1 (compressor off) is mandatory for compliance with this standard, however to date, most
manufacturers of inverter based systems support both DRM2 and DRM3. Typically, energy service providers have
connected to their customer’s air conditioning systems via custom made DREDs that are signalled by a remote agent
using power line communications (also known as direct load control or ripple control) or using smart meter 2-way
communications and integrated home area network (HAN) ZigBee wireless interface. The current generation of DRED
devices do not allow any type of end user intervention, even if there is a desire by the end user to activate DR modes that
further increase the reduction in demand and save energy.
Furthermore, the rated capacity and energy star rating of AC units is determined at test conditions of 27°C indoor and
35°C outdoor, which can be vastly different to the efficiency experienced under normal operation. As the reference power
level for DRM2 and DRM3 is based on this rating, actual demand reductions may not be representative of the DRM
reduction percentage (i.e. 50% and 75%). The reader is directed to [6] for further insight into this issue and related
limitations of the current Minimum Energy Performance Standard (MEPS) testing standard.
2.2 Proposed Revisions to AS4755.3.1
On the 29 May 2014, proposed changes to the standard were released for public comment. Key differences between the
proposed draft and the current version are summarised in [7] as follows:
i. The reference power level for DRM2 and DRM3 has been changed from an absolute value (i.e. the energy used while
operating at rated capacity in a controlled test environment) to a relative value, i.e. the energy used during normal
operation over the last 30 minute period at the same temperature and humidity conditions, either in a controlled
environment or in actual operation.
ii. Clarification of the required response in the event that the DRED transmits more than one DRM operating
instruction at any one time, in which case the AC system will revert to normal operation (100% capacity). See section
4.3 for further discussion on this proposed change.
An advantage of the proposed changes in i. above is AC systems that are oversized for the space they condition (a
common practise in the industry) are still required to reduce their energy relative to the energy consumed under normal
operation. Under the current standard, oversized systems may seldom run at or close to rated capacity, and hence may
only reduce their demand by a small amount (if at all) even when in DRM2 or DRM3. If the AC system is undersized, it
most likely will be operating closer to full capacity to maintain a desired indoor temperature, and hence should achieve
the desired reduction in demand when in DRM2 or DRM3.
The space that is being conditioned by an AC system has an associated heat load/loss dependent upon the building shell
and internal heat loads that the air conditioner must cater for if the desired temperature is to be achieved. As such,
various methods and tools for calculating the cooling capacity required are available, and were investigated to compare
their output. The parameters used (room dimensions, window size and aspect, shading, no. occupants etc.) were from a
real residential house with a conditioned open plan area consisting of a lounge room, dining room and kitchen, with a
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combined floor area of 50.5 m2. Various methods/tools were evaluated in order to determine an appropriately sized AC
system to meet the load of the conditioned space. These included methods such as heat load tables and charts, simple heat
load equations/models and online calculators. A summary of the results are presented in Table 2. Even though the core
parameters remained the same, there are still fluctuations in the sizing of the required AC system, with a variance of up
to 2.9 kW cooling capacity. As mentioned previously, oversized systems may seldom run at or close to rated capacity, and
hence may only reduce their demand by a small amount (if at all) when using AS4755 DR signals, even when in DRM2
or DRM3.
Table 2: AC system sizing comparison based on various methods/tools.

Method/Tool
Fairair Size Calculator, 2006. [Online]. Source:
http://www.fairair.com.au/Calculator.Size.aspx. [Accessed 6 January 2014].
AIRAH Technical Handbook 5th Edition, 2013 - Cooling Load Check
Figures – 120W/m2 (Normal Ceiling Height)
Fujitsu Wall Mounted Split charts, 2014. [Online]. Source:
http://www.fujitsugeneral.com.au/products/12/air-conditioning/wallmounted-split-systems/products/. [Accessed 7 January 2014].
Panasonic Air Conditioner Sizing Wizard, 2011. [Online]. Source:
http://au.panasonic.com.au/Sizing%20Wizard. [Accessed 7 January 2014].
Industry ‘rule of thumb’ – 150W/m2 (High Ceiling Height)

Required Cooling Capacity (kW)
4.7
6.1
6.7

7.0
7.6

3. DEMAND RESPONSE INDUSTRY TRIALS
Motivated largely by the ability to reduce demand on the distribution network at their discretion, a number of energy
service providers have conducted large scale residential DR trials in Australia to date, particularly using approaches that
cycle the compressor of AC systems off and on again over a defined period. A report released by Deloitte [8] analysed a
number of initiatives to lower peak demand including direct load control of AC systems. Of the related industry trials they
looked it, peak demand reductions over the range 11.7 – 35 percent were reported. However, it has only been the last few
years that we have seen AS4755 compliant systems becoming available (since around 2011) and being incorporated into
such trials, hence little results have been made available in the public domain. Examples of utility run trials using
AS4755 enabled AC systems include the Energex PeakSmart, Ausgrid CoolSaver and Endeavor Energy CoolSaver
programmes. A summary of the key details from each is provided in Table 3. Another commercial-scale DR trial with
strong potential for demonstrating the benefits of AS4755 compliant AC systems in reducing peak demand (and with
results to be shared publically) was the Energy Australia FlowSmart programme, part of the $100 million Government
funded Smart Grid Smart City (SGSC) project led by Ausgrid. To date however, very little has been released in the way of
information or results. Following the conclusion of trials in February, final results are still to be released through the
SGSC Information Clearing House website sometime in 2014.
With nearly all of the commercial-scale DR trials to date, little consideration has been given to thermal comfort and
satisfaction, other than general statements about the ‘whole-of-trial’ experience along the lines of ‘x’ percent of
participants had no complaints with thermal comfort; or the participants had a ‘y’ percent satisfaction rate. Furthermore,
little work has been done on quantifying the persistent influence that programme incentives may have on thermal comfort
and satisfaction, including cash, gift cards, energy discounts or other financial or non-financial incentives.

4. CSIRO EXPERIMENTS AND RESULTS
To better understand the operation and current limitations of AS 4755.3.1 enabled air conditioning systems, a number of
experiments were performed at the National HVAC Performance Test Facility at the CSIRO Energy Flagship site in
Newcastle, Australia, for a range of external conditions, temperature set-points (SP) and DRMs [9]. Besides reducing the
demand over a defined peak period, a central focus was maintaining a thermally comfortable environment within the
cooling space, as well as ensuring more energy was not consumed while bringing the system back to original conditions
after a peak period. The strategies involved either activating AS4755.3.1 demand response signals in specific time periods
and/or altering the air conditioner temperature SP.
Table 3: Summary of energy service provider run AS4755 air conditioning DR trials in Australia.

Energex
PeakSmart
Trial periods:

PeakSmart: 2013 – ongoing.
Energy Conservation Communities (ECC): 2010 – 2013
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Trial location:
Customer
incentives:
Control strategy:

Reported results:

Website:
Ausgrid
CoolSaver
Trial periods:
Trial location:

South eastern Queensland
Up to $500 cash (depending on size of AC system installed)
Primarily use DRM2 and DRM3. DRM1 mode is only activated during emergency
demand management situations. This mode will automatically be reset within 2
hours.
DRMs activated on occasions when the electricity network reaches peak demand.
PeakSmart – ongoing.
Previous results showed a reduction in demand from 13% - 20% over the three
summer trial periods from 2010 - 2013, which equated to 0.9kVA per customer.
https://www.energex.com.au/sustainability/rewards-for-air-conditioning-pools-andhot-water/households

Cool Saver: 2013/14 and 2014/15 summer periods
Smart Grid Smart City - FlowSmart (Energy Australia): 2010 – 2014.
Lake Macquarie and Central Coast areas

Customer
incentives:
Control strategy:

Up to $400 in gift cards

Reported results:

CoolSaver: Ongoing.

Website:
Endeavour
Energy
CoolSaver
Trial periods:
Trial location:
Customer
incentives:
Control strategy:

Reported results:
Website:

ISSN 2319 - 4847

No mention of DRMs used.
Up to eight CoolSaver periods for each summer, with each usually last for four hours
but no more than six hours. They occur during peak times between 2pm and 8pm on
weekdays (excluding public holidays) when demand for electricity is high.

http://www.ausgrid.com.au/Forms/Coolsaver.aspx

2011-2013
Glenmore Park (Sydney)
$60 CoolSaver Bonus for taking part in the program. Participants also receive a free
air conditioner service worth between $60 - $100.
DRM2 is activated during Event days. This will occur during the peak demand times
between 1pm and 8pm on selected hot days during the summer, known as Event
days (though weekends and public holidays will never be selected). Your air
conditioner will operate in a reduced mode during this period.
Reduction in the peak demand was found to be 30% which equated to 1.5kVA per
customer. The participants also gave an 88% satisfaction rate.
http://www.endeavourenergy.com.au/wps/wcm/connect/EE/NSW/NSW+Homepage/
communityNav/CoolSaver/

4.1 Experimental System Configuration
The AC system used to obtain the experimental results presented herein was a Panasonic reverse cycle split system
(model CS/CU-E18PKR) rated at 5kW cooling and 6.35kW heating capacity and efficiency ratios of 3.85 (EER) and 3.76
(COP) respectively. It is AS455.3.1 compliant, supporting DRM1, 2 and 3. The test facility is a calorimeter chamber
consisting of two separate and independently climate controlled rooms. Figure 1 shows how the AC system under test was
setup, including monitoring and control hardware required to perform the experiments. The outdoor unit of the AC
system was installed in room two (simulating the outdoor climate) and the indoor unit in the room one (simulating the
indoor climate). A range of sensors and heat load equipment as part of the calorimeter where used to simulate the
required indoor conditions. A Modbus gateway device (Intesis PA-AC-MBS-1) was used to monitor and control AC
system parameters (e.g. AC mode, temperature set-point, fan speed) via Modbus commands issued from a controller. The
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controller also acted as the DRED to issue DRM operational instructions to the AC system, as well as logging power and
energy values from a Modbus power meter connected to the main supply of the AC system.

Figure 2. Experimental system configuration using the CSIRO National HVAC Performance Test Facility.
4.2 Experimental Methodology
To make a direct comparison between different control strategy experiments, a common daily outdoor temperature profile
was used, representative of a typical day when high demand is placed on electricity networks. The outdoor temperature
profile used was obtained from actual historical data (8 January 2013) from the Newcastle Nobbys Signal Station (number
61055). In addition, a constant internal heat load of 3.0 kW was used to provide the system with enough load to ensure
continual operation without going beyond its rated capacity.
The control strategies involve varying both the temperature set-points of the AC system as well as activating DRMs
during predefined time periods over the daily profile. A ‘Pre-cooling’ period (1pm-2pm) was used under certain scenarios
to lower the temperature set-point so as to store thermal energy within the room with an intent to lessen the comfort
impact that may follow during a DR event. A ‘Demand Response’ period (2pm-4pm) was defined as the time when a
reduction in AC system demand occurs, e.g. via a temperature set-point ‘reset’ or DRM activation. A ‘Rebound’ period
(4pm-8pm) was also defined with the intent to capture the energy impact of bringing the conditioned space back to
normal operating conditions following the ‘Demand Response’ period. for all experiments, the AC system under test was
started a number of hours before the first pre-defined time period to ensure it was operating at steady state conditions
subject to the varying outdoor temperature profile.
Table 4 provides a summary of the control strategy interventions (varying temperature SP or activating DRMs) used
during each of the defined periods. The Baseline case, as shown in Figure 3, used a constant temperature SP of 23°C as
well as continual operation in DRM3 (i.e. 75% energy reduction from rated capacity). The reason for using DRM3 and
not normal operation in the Baseline case was to allow a pseudo pre-cooling mode using AS4755 signals alone, where
transferring from DRM3 to normal operation (up to 100% capacity) allows spare capacity to be utilised if required.
Where temperature SP is not specified for other experiments, a value of 23°C can be assumed.
4.3 Results and Discussion
For each of the experiments, the energy consumption of the AC system under test was measured and used to compare the
energy performance of the different control strategies, as presented in Table 5. Daily profile results for Experiment 1 are
shown in Figure 4, including outdoor and indoor temperature, temperature SP and the active power profile. The control
strategy for this experiment was designed to replicate how non-inverter (on/off) AC systems have been controlled in a
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number of the early commercial-scale DR trials prior to AS4755 being released. During the DR period (2-4pm), the AC
system is cycled between DRM1 (compressor off) and normal operation every 15 minutes.
Table 4: Experimental control strategies.

Experiments

DRM: None

Control Strategy
Demand Response
(2-4pm)
DRM: 3,
Temp SP: 23°C
DRM: 1
(15 minute on/off duty cycle)
DRM: 2

DRM: None
Temp SP: 20°C
DRM: None
Temp SP: 20°C

DRM: 2
Temp SP: 23°C
DRM: 2
Temp SP: 26°C

Pre-cooling
(1-2pm)

Baseline
Experiment 1
(compressor cycling using DRM1)
Experiment 2a
(varying DRMs)
Experiment 2b
(varying DRMs + pre-cool)
Experiment 2c
(varying DRMs + pre-cool +
reset)

DRM: None.

Rebound
(4-8pm)

DRM: None.
DRM: 3
DRM: 3
Temp SP: 23°C
DRM: 3
Temp SP: 23°C

Table 5: Energy consumption comparison between experimental control strategies.

Experiments
Baseline

Pre-cooling
(1-2pm)
0.89 kWh

Experiment 1
(compressor cycling using
DRM1)
Experiment 2a
(varying DRMs)
Experiment 2b
(varying DRMs + pre-cool)
Experiment 2c
(varying DRMs + pre-cool +
temperature SP reset)

Energy Consumption (compared with Baseline)
Demand Response
Rebound
(2-4pm)
(4-8pm)
1.64 kWh
3.21 kWh

Total
(1-8pm)
5.74 kWh

-17 %

-32 %

+4 %

-9 %

-12 %

-22 %

+8 %

-4 %

+53 %

-29 %

+13 %

+7 %

+55 %

-37 %

+11 %

+4 %

Figure 3. Baseline experiment daily profile.
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Figure 4. Experiment 1 - Compressor cycling (using DRM1).

From the results in Table 5, Experiment 1 achieves a 32% energy savings during the ‘Demand Response’ period, however
with a severe trade-off in indoor temperature conditions. In this instance, the indoor temperature can be seen to increase
each time DRM1 (compressor off) is activated, but does not decrease by the same amount when the AC system reverts to
normal operation, and hence the indoor temperature gradually rises to over 32°C during the ‘Demand Response’ period.
Although the experimental facility is not a true representation of a real residential dwelling (in regards to internal heat
load and thermal mass), this highlights the need to take an in depth look at human thermal comfort during DR events.
Residential comfort models, including the steady state model in ASHRAE 55 [9] and an adapted variant for residential
applications [10] shows that the upper indoor temperatures experienced in Experiment 1 would be uncomfortable. A final
observation for Experiment 1 is that the total energy consumption over the entire measurement period (from 1-8pm)
provides a savings of 9%. With energy service providers primarily interested only in the demand reduction that can be
achieved during peak times, further investigation and emphasis should be placed on the full energy impacts including the
period following a DR event, particularly as the consumer is paying for the energy consumption.
Daily profile results for Experiment 2a, 2b and 2c are shown in Figure 4, Figure 6 and Figure 7 respectively. The control
strategy for these experiments was designed to show how varying both DRMs and temperature SPs could be used to
achieve ‘pre-cooling’ (i.e. storing energy in the thermal mass of the building fabric) and also temperature reset control
strategies (i.e. raising the temperature SP during the ‘Demand Response’ period) to facilitate a greater demand reduction
or pro-long the DR event.
Experiments 2a, 2b and 2c, all result in thermal comfort being maintained according to [10] in these instances. For
Experiment 2a, a pseudo pre-cooling mode was attempted by transferring from DRM3 (as used in the Baseline) to normal
operation (up to 100% capacity) during the ‘Pre-cooling’ period, followed by activating DRM2 for the ‘Demand
Response’ period. For Experiment 2b, the pre-cooling effect was amplified by also lowering the temperature SP to 20°C.
An energy reduction during the ‘Demand Response’ period of 22% was observed using DRMs only, and an even greater
reduction of 29% when combined with a temperature SP reset strategy, however with a higher overall total energy
consumption of 7% higher than the Baseline as compared with a 4% total energy savings using DRMs only. Although the
current AS4755.3.1 standard or proposed amendments do not define any type of explicit pre-cooling DRM, these results
suggest that such a mode could enable a greater demand reduction and possibly for longer periods with improved end user
comfort.
For Experiment 2c, a further temperature SP reset was made by raising the SP to 26°C (cooling mode) during the
‘Demand Response’ period. This resulted in an energy reduction during the ‘Demand Response’ period of 37%, the
highest savings out of all of the scenarios presented. Although Experiments 2b and 2c used 41% and 43% more energy
than 2a during the ‘Pre-cooling’ period, the total energy consumption from 2b and 2c overall was only 11% and 8%
respectively more than 2a, making them an attractive option if the objective is to minimise demand during a network
peak period.
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Figure 5. Experiment 2a – varying DRMs.

Figure 6. Experiment 2b – varying DRMs + temperature SP pre-cool.

In addition to the daily profile experiments, a test was conducted to determine the behaviour of the AC system under test
given a DRED transmits more than one DRM operating instruction simultaneously. For the Panasonic system under test,
DRM1 (compressor off) would always activate when any two or more DRMs where transmitted simultaneously. As
discussed in section 2.2, the proposed 2014 amendments to AS4755.3.1 clarify the behaviour in the event this occurs,
proposing the AC system should revert to normal operation (up to 100% capacity). The authors suggest that a better
approach worthy of debate would be to always operate according to the activated DRM with the greatest demand
reduction impact e.g. DRM2 if both DRM2 and DRM3 were transmitted. This would be advantageous for energy services
providers as it would not only further increase the demand reduction (the actual intent of the standard), but would also
enable end users to directly utilise the built-in AS4755 functionality for reducing their energy consumption (and operating
cost) if desired.
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Figure 7. Experiment 2c – varying DRMs + temperature SP pre-cool + reset.

5. CONCLUSION AND NEXT STEPS
Although the current version of AS4755.3.1 is a significant first step to enabling large-scale residential DR in Australia,
this paper provides empirical evidence of what we see as limitations in the current 2012 standard based on a number of
experiments performed on a real AC system at the CSIRO National HVAC Performance Test Facility. Key findings show
that given AC systems that are oversized for the space they service, implementations of the current version of the AS4755
standard may not achieve the magnitude of DR implied by the DR signal definitions. Proposed changes to the current
standard alleviate some of these issues, including the introduction of relative reference power levels for DRM2 and DRM3
based on the energy consumed during normal operation and not an absolute rated value.
Another potential issue identified is that the current generation of DRED devices do not allow any type of end user
intervention, even if there is a desire by the end user to activate DR modes that further increase the reduction in demand
and save energy. Furthermore, little consideration thus far has been given in commercial-scale trials to quantifying the
thermal comfort and satisfaction of the end user during DR events. In addition to improving user comfort, this knowledge
could help improve the impact of DR programmes and how they are delivered.
Initial findings from laboratory experiments suggest that the addition of a new DR mode not currently defined in the
standard that facilitated ‘pre-cooling’ could enable a greater demand reduction and possibly for longer periods with
improved end user comfort. To further substantiate this claim, the CSIRO is continuing this work to complete a
comprehensive evaluation in both a laboratory setting and in real-world deployments.
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