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Although the strategy is only at Draft Stage, AREMA fully supports the overall direction, coverage 
and intent presented by the Strategy to improve the efficiency of non-domestic refrigeration.  
AREMA members can envision that the Strategy and the subsequent Policy, Regulations, Standards 
etc can not only improve the overall energy efficiency but also improve the reliability and cooling 
performance of refrigeration systems.  It is a common problem in the industry that the end users 
cannot always identify the appropriate refrigeration system to suit their specific needs.  The decision 
to purchase a particular refrigeration system is commonly based on the least initial cost option.  This 
often results in a system that consumes excess energy and is unreliable in the long term. 

Split incentives created between landlords and tenants also provide the opportunity for cheap 
inefficient systems to be installed. This is quite a common problem in the hospitality (hotels & pubs) 
industry.   AREMA members feel confident that with some further detail work on refining the 
Strategy that these issues can also be addressed.  

AREMA supports the strategy of developing measures for improved energy efficiency from both a 
total system and a component approach. 

With respect to systems we support the use of benchmarks for the cold storage and process 
refrigeration sector but we would like to see the development of a ‘Code of Practice’ that can be 
applied to the general refrigeration market segment represented broadly in this strategy by the 
sections on ‘cabinets built on site’ and ‘walk-in coolrooms’.   

With respect to Refrigerated Display Cabinets and Service Cabinets we would like to see a more in-
depth evaluation on the use of ‘Refrigerated Volume’ rather than ‘Total Display Area’ (TDA) as the 
main measure for MEPS before the adoption of ISO23953.  To our members it makes sense to use 
the same measures for Display and Service cabinets to allow easy comparison and remove some of 
the ambiguities created by the use of TDA.   We would also like to see the use of more ‘modelling’ 
of cabinet performance to give better annualised energy consumptions for a particular region.  This is 
detailed in the attached Appendix. 

With respect to components, we agree that the 2 major components that need attention are the 
compressors and fan motors/systems.   

For Compressors we broadly support the application of MEPS and HEPS across the proposed 
displacement range.   At this stage, we do not believe that it is feasible to apply the one formula for 
MEPS and HEPS COP across the whole displacement range or to use a single set of rating 
conditions.  Initial analysis indicates that we would probably require 4 sets of rating conditions 
instead of the 2 in the strategy (+5°C & -25°C) to cover the range of compressors.  This is detailed 
and other issues are covered further on under the heading ‘Compressors’      
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For ‘Fan motors’ we see difficulties with the proposed regulatory approach in the draft Standard.   
Fans used in all applications and especially refrigeration cannot be seen as a "motor only" issue.  As 
impeller matching, impeller design, drive system and speed control are all issues that affect the 
efficiency and the input power of fans. 

The final draft document ISO12759 has been developed and the Fan Manufactures of Australia and 
NEW Zealand (FMAANZ) are currently reviewing this for its implementation locally. 

For refrigeration, this standard lacks details to cover fan systems with input powers less than 125W.   
Our research has indicated that there are no proposals internationally to develop appropriate MEPS 
type standards within a suitable time-frame, we see the local development as being too time 
consuming and costly based on the size of our local market and the lack of a good return.  

Our industry uses motors principally for air-movement and virtually always uses a motor and 
impeller in combination.  On this basis, ‘Fan systems and motors used in fan systems’ should be 
targeted for regulation.  Our assessment of the market is shown in Table 1 below. 

Table 1: Assessment of installed base of fan systems in refrigeration. 

It is proposed: 

·  For all fans systems with power inputs greater than 125W that ISO 12759 is adopted at the 
earliest stage; end 2010 early 2011 is anticipated.  Curves for appropriate fans are extended 
down to cover input powers 70W and above. 

·  For complete refrigeration systems and components such as evaporators and condensing 
units, specific maximum fan powers (SFP) (watts input per airflow per second (w/l/s)) are 
contained in the specification for OEM products and systems.  Typical SFP are suggested in 
the document. 

·  To address the large volume replacement market on small shaded pole motors, ban the use of 
shaded pole motors.  Initially this would cause an increase in the use of PSC motors as 
smaller EC motors are developed.  A staged implementation over 3 - 4 years could achieve 
the desired outcome without the need to develop specific efficiency standards to cover these 
small shaded pole motors.   

·  It is suggested that harmonisation of strategies to MEPS motor standards should not be done 
because: 

1. Will not cover 90% of the fans or fan motors used as they are serviced by ‘external 
rotor motor’ product with the fan blade integral with the motor. 

Fan motor type 
Number 
installed Average power input [kW] Power per annum [GWh] 

Potential saving per 
annum [Gwh] 

Potential saving per 
annum [%] 

Shaded pole 
single phase 2,500,000 0.016 350 189 54 
External rotor 
single phase 350,000 0.8 2,452 1,103 45* 
External rotor 
three phase 200,000 2 3,504 1,752 50* 

      
* NOTE:  all three and single phase condenser fans should have speed control   
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2. Will be beyond the time schedule required. 

We also see scope for the use of Financial Incentives to discourage the installation of cheap 
inefficient systems and to also encourage the replacement of older systems.  These incentives could 
be via Investment Allowances, a Rebate Scheme or an Accelerated Depreciation Provision. 

 

The AREMA membership looks forward to working with Equipment Energy Efficiency Committee 
and the Consultant team to further develop the Strategy and assist in the development of the 
necessary Standards, Benchmarks, and Codes of Practice etc to support the Strategy. 

 

On the following pages is a more detailed general comment on each aspect of the strategy. We have 
also attached an Appendix that goes into more technical detail and discussion on issues with the 
current AS1731 and the proposed use of ISO 23953 for Remote Display Cabinet testing.  
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a) In the main we agree that improvements need to be made to the current regulations and to 
AS1731 but before we adopt ISO23953 as a replacement for AS1731 we believe a more in 
depth investigation needs to be made with respect to the use of ‘Internal Volume’ as the 
primary measure for the MEPS calculation rather than Total Display Area (TDA).  Our 
members have not had enough time to fully evaluate the alternatives to the use of TEC/TDA 
versus Internal Volume and hence suggest a working group to more closely examine this 
issue.    Some of our members are currently having problems registering for MEPS, display 
cabinets that don’t fall neatly into the ISO classification system for refrigerated display 
cabinets.  They can fall into the US or Canadian classification using internal volume quite 
easily. There are also some anomalies created by the TDA method that gives favourable 
treatment of certain cabinet types and yet penalises other cabinet types that should be more 
efficient.  It is thought that using ‘Internal Volume’ would overcome these anomalies.   

b) Many of AREMA’s members are overseas manufacturers supplying the Global market. In a 
lot of cases, Australia represents only a small fraction of their volume and they could not 
justify doing a unique set of performance tests to enable registration for MEPS in Australia.   
As testing is a very expensive and time consuming process it is critical that whatever standard 
we use, it must be harmonised with the most robust and internationally accepted or used Test 
Standard so that test results can be used universally.  This may not be ISO23953 but may be 
ARI or an ANSI/ASHRAE standard. 

c) If we do settle on harmonising or adopting ISO 23953, it is imperative that the ME008 
committee is active in the ISO TC 086 SC07 committee to ensure that ISO 23953 does not 
introduce changes that make the resultant performance level incompatible with our MEPS 
registration.  The recent example of a ballot review of a draft ISO 23953 showed the number 
of door openings during the performance test increasing from 6 to 10.  This would have a 
dramatic effect on the resultant energy consumption and resultant MEPS level. 

d) Our membership agrees to the extension of MEPS to cover service cabinets.  It has been a 
contentious point that our members feel that some avoidance of MEPS registration on display 
cabinets was taking place due to claims that they were only service cabinets.   We agree that 
‘refrigerated volume’ is the most appropriate metric to use for the MEPS calculation.  This 
would also allow easy comparison of the energy consumption between a display cabinet and a 
service cabinet of the same size/style if the refrigerated volume method is used for both 
display and service cabinets.   Quite often glass door display cabinets are used for service 
applications in kitchens etc but the restaurateur cannot make a valid judgement of on energy 
consumption if the 2 cabinets types have MEPS based on different metrics of TDA and 
Refrigerated Volume.  We agree that the initial MEPS levels be harmonised with the US 
MEPS levels introduced in January 2010. 

e)  ‘For cabinets built on site, introduce an alternative ‘deemed to comply’ allowance 
comprising minimum efficiency specifications for key technology components.’  Our 
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membership broadly agrees to this concept but would like to explore the extension of this to 
low volume cabinets that would not justify full performance testing to the required test 
standard.  This extension to low volume cabinets should not include ‘open display cabinets’ 
as up to 90% of the heat load can be from infiltration through the air curtain. Open display 
cabinets are very sensitive to the proper design of air curtain, its velocity profile, turbulence 
level etc. In addition to the proposed requirement for MEPS on key components we would 
like to see some form of basic design sheet that shows a load calculation and matched 
equipment selection.  This could also be combined in with the requirements for Walk-In 
Coolrooms.  It is our contention that the use of MEPS rated components does not 
automatically guarantee an efficient system.   The major components such as the condensing 
unit and evaporator need to be matched and sized to suit the load condition.   Poorly matched 
or oversized equipment consumes more energy. AREMA suggests that the Government 
should offer some kind of generic energy assessment tool or software that can be used on 
walk-in coolrooms and display/service cabinets.  At the very minimum offer some sort of 
accreditation for industry developed tools.  

 

������	������
 

Broadly we agree to the application of MEPS and HEPS across the proposed displacement range.   
We are not sure without further detailed study whether it is feasible to apply the one formula for 
MEPS and HEPS COP across the whole displacement range or to use a single set of rating 
conditions.  

The draft strategy proposes to cover the range of compressors used on display cabinets not much 
larger than a domestic fridge up to Cold Storage rooms of several thousand square metres.  The 
MEPS levels are based on COP calculations according to EN12900 at +5°C for medium temp and -
25°C for low temperature applications (page 10, second bullet point under 2.1 Compressors).   These 
two rating points are not representative of the typical operating points or conditions experienced by 
compressors throughout the size range that is proposed to be covered.   According to EN12900, the 
+5°C is the standard reference point for “High evaporating temperature”; the medium evaporating 
temperature reference point is -10°C.   This would be suitable for Supermarket and Cold storage 
applications where the compressors are used on ‘Racks’.  For self contained cabinets and walk-in 
coolrooms, -5°C is a more appropriate point to establish MEPS for medium evaporating temperature.   

Similarly, the -25°C reference point is used for “Household and similar refrigerators/freezers”.  This 
point is probably suitable for compressors used in self contained freezer display/service cabinets and 
Freezer WICs but not for Supermarket of Cold Storage application where -35°C is more appropriate.     

It should also be noted that the condensing temperature for each of these (4) EN12900 rating points is 
different and ranges from +40 to +55.  The condensing temperature has a dramatic effect on the COP 
of the compressor.   There is also no easy conversion for performance established at one condensing 
temperature to another condensing temperature. (However, correction factors can be used for 
changes in Superheat)   
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We propose that the following rating points for COP are required: 

A. For Medium Temp self contained cabinets and Walk-in coolrooms using hermetic 
reciprocating or scroll compressors,  -5°C Evap, +45°C Cond, 32°C ambient & 20°C Suction 
vapour, zero sub-cooling 

B.  For Low Temp self contained cabinets and Walk-in coolrooms using hermetic reciprocating 
or scroll compressors,  -25°C Evap, +45°C Cond, 32°C ambient & 20°C Suction vapour, zero 
sub-cooling 

C. For all compressors on ‘Racks’ used in Supermarkets and Cold Storage, the Medium Temp 
condition should be -10°C Evap, +45°C Cond, 32°C ambient & 20°C Suction vapour, zero 
sub-cooling 

D. For all compressors on ‘Racks’ used in Supermarkets and Cold Storage, the Low Temp 
condition should be -35°C Evap, +40°C Cond, 32°C ambient & 20°C Suction vapour, zero 
sub cooling 

Other Issues: 

·  Further clarification is required on a suitable rating point for small semi-hermetic 
compressors that would be typically used on self contained systems.  It is important for valid 
comparison of COPs that they are rated at the same conditions as hermetic reciprocating and 
scroll compressors.  

·  Compressors are often rated for application on different refrigerants.  A compressor’s COP on 
one particular refrigerant may pass the minimum MEPS requirement but on an alternative 
refrigerant it may fail.  Should the compressor pass and/or be registered for MEPS on all 
refrigerants that it can be applied on?   

·  Some compressor types can have a wide application range so that they can operate at either a 
MBP condition or at LBP conditions with the aid of liquid injection.  An example is the 
Copeland ZF scroll range.  Should these compressors be registered for MEPS at both 
conditions? 

·  How to register variable capacity compressors?  Eg: Copeland Digital scroll or inverter driven 
compressors. 

·  Another issue in the industry is that a single compressor may be used on an application for 
both a pull-down load and then a storage mode.  The problem this creates is that currently the 
compressor is selected with a large drive motor to handle the pull-down load at the higher 
SST but then the motor is oversized for the storage mode and hence COP suffers.   To 
overcome this issue, 2 compressors or systems should be used but of course this greatly 
increases the capital cost. Another method to overcome this issue is the use of variable 
capacity compressors and the appropriate control system, but again this increases capital cost.  
To help stop this practice, it is suggested that financial incentives may be provided (refer 
section on Walk-in Coolrooms)    
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·  A quick survey of available compressor technical literature indicates that the compressor 
manufacturers use a mixture of EN12900, CECOMAF, ASERCOM, ARI and ASHRAE 
rating conditions.  Even within these broad rating systems, there are variations in the rating 
conditions.   The consistency of the technical literature made available for selection purposes 
would have to be improved if customers are to make valid comparisons on refrigerating 
capacity and COP.   It is suggested that as well as registering the compressors themselves for 
MEPS that the supporting technical literature may also require some form of compliance 
check to ensure it is at the appropriate conditions.   
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Strategies to regulate the performance of fans and fan motors in the ANZ refrigeration industry 
should use the new ISO 12759 due for release July 2010. 

ISO12759 covers: 

·  all fan products with input powers of 125W and above 
·  the energy efficiency gains available with the use of speed control by giving greater 

FMEG calculation for the fan efficiency if it is used with a speed controller. 
·  Extension to lower power levels of 70W is possible 

 
Specific fan power recommendations for the use of motors in fridges and cool rooms evaporators are 
suggested. 

It is suggested that harmonisation of strategies to MEPS motor standards: 

1. Will not cover 90% of the fans or fan motors used as they are serviced by ‘external rotor 
motor’ product with the fan blade integral with the motor. 

2. Will be beyond the time schedule required. 

����������	
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Fans are an integral part of all refrigeration.  They are used in many forms.  Typical examples are 
shown below in Figure 1 and 2, where a fan can be an assembly of components such as motor, 
impeller and speed controller or an integrated fan system where motor, impeller and controller cannot 
be separated. 

The efficiency of fans is being addressed by the Australian Government in both the refrigeration and 
building application areas.  A new international standard, ISO12759 will deal with the majority of the 
requirements for MEPS for non domestic fans in all of these application areas as it defines grades of 
efficiencies for fans (FMEG = fan minimum efficiency grade) which can be used by regulators. 

The Fan Manufacturers Association of Australia and New Zealand have formed an Industry 
Association in order to expedite technical changes required for MEPS standards in ANZ. 
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According to ISO 12759, TC117, Efficiency Classification of fans, efficiency of fan systems is 
defined by input power to the fan system i.e. MOTOR or VSD POWER INPUT or a sum of the 
efficiency elements of the fan system in non direct drive systems as shown below in Figure 1 and 2. 

Figure 1:  Example of integrated fan systems used in refrigeration 

 

Figure 2:  Efficiency Classification of fans (driven and bare shaft) according to ISO 12759 

 

Where for bare shaft fan  na is fan shaft efficiency 

    Pu is fan air power 

    Pa is fan shaft power 

Where for driven fan system  ne is overall fan system efficiency 

    Pu(s) is fan system air power 

    Pe is MOTOR INPUT power 
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Fan system efficiency can be calculated from the sum of the appropriate elements of the fan system 1-9 as shown in 
Figure 2. 
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In the document “in from the cold” fans have been sub divided according to the motor size.   

·  5-70W – shaded pole; single phase motors 
·  70-770W – single and three phase 
·  500-2000W – three phase 
·  Recommendations are made to use speed control on all air cooled condensers. 

 

ISO12759 covers: 

·  all fan products with input powers of 125W and above 
·  The energy efficiency gains available with the use of speed control by giving greater 

FMEG calculation for the fan efficiency if it is used with a speed controller. 
·  Extension to lower power levels of 70W is possible 

 

This has two major advantages: 

1. ISO12759 regulates systems according to input power and not motor size.  Many fan 
motors used in refrigeration are fractional kilowatt in size and therefore cannot be easily 
subdivided. 

2. ISO12759 covers all fan types that are used in refrigeration applications with input 
powers 125W and above.  

 

For fan systems with motor input powers less than 125W it is suggested that a three route approach is 
taken. 

1.  Curves contained in ISO12759 are extended down to 70W input power. 

2.  Where fans are used in equipment where input powers less that 70W are used, specific fan powers 
are written into the specification of the manufactured products e.g. condensing units or coolroom 
coolers.  This has two advantages: 

 a) it regulates the efficiency of fans used 

 b) it closes the door to OEM imports with low efficiency fans 

Following an analysis of technical data the following recommendations can be made. 
 
Recommendation for fan systems with input power < 40W: 
 
* specific fan powers <= 0.35 w/l/s with biannual staging: <= 0.35 year one, <= 0.25 stage two, <= 
0.20 stage three. 
 
Recommendation for fan systems with input power from 40W to 70W: 
 
* specific fan powers <= 0.25 w/l/s with biannual staging: <= 0.25 year one, <= 0.2 stage two, <= 
0.15 stage three. 
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3.  Shaded pole motors are banned from sale for retrofit applications at the second stage of SFP 
implementation. 
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Australia and New Zealand have MEPS for motors in place for several years.  This broadly cover 
three phase motors 750W and above.  3 phase motors used in ‘external rotor motor fan systems’ are 
not covered by existing MEPS standards as they are speed controllable by voltage or asynchronous in 
nature. 

It is expected that between 2013 and 2015 alignment of ANZ MEPS with IE criterion (IE60334-2-1; 
IE 60334-30) will occur.  Current (Dec 2009) activities include harmonisation of test standards. 

A summary of the IE regulations are shown below: 

  

Most significantly for the ANZ refrigeration industry: 

·  Motors 750W and below are excluded.  According to “In from the Cold”, Table 20, 
this means that, by turnover, 88% of the import market in ANZ is excluded and will 
not be covered by this regulation. 

·  Integral fan and motor combinations are excluded. 
·  Non cage induction motors are excluded. 
·  Speed control systems are not encouraged. 
·  Motors that run for less than 80% of the year are excluded. 
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It is therefore suggested that harmonisation of strategies to MEPS motor standards should not be 
done. 
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The AREMA membership provides refrigeration equipment to the contractors who install and 
commission it in the Supermarket stores. Whilst many of the proposed MEPS measures address 
many of the components used in the equipment for supermarket refrigeration we agree to the 
proposed energy intensity benchmark (kWh/m2 p.a.) on the trading floor.  This energy intensity 
benchmark could also be extended to cover distribution centres as well but using a volume metric 
(kWh/m3 p.a.) rather than a floor area as distribution centres can be of varying heights.  We believe 
this gives the scope to the Supermarket Industry to explore ways of maximising the efficiency of 
both the Air-conditioning and the Refrigeration systems.  Many of the issues our members have with 
claimed poor performance of refrigeration evaporators due to ice build and excessive number of 
defrosts are due to excess humidity in the store.  Lowering the humidity of the store in the proximity 
of the display cases can substantially reduce the refrigeration load and hence improve overall energy 
efficiency.  

Supermarket owners often require equipment manufacturers and engineering firms to provide an 
energy impact estimate based on the purchasing requirements and the energy reduction targets to 
comply with legislative measures such as NGERS.  Having no industry standard tools for assessing 
the energy impact of whole system design, various parties, including AREMA members, use various 
methods of assessment which can vary widely and may have a very high uncertainty of energy 
estimation with resultant numbers that are far from the real energy consumption. For an Energy 
Efficiency Strategy purpose, which will be monitored by the proposed ‘Energy Intensity’ measures, 
the development of a supermarket refrigeration energy modelling software tool is required to enable 
good energy wise decisions at the design stage and future energy rating of supermarket. This 
software could provide storewide energy rating including HVAC and refrigeration equipment used in 
the supermarket. The tool can be a combination of building energy modelling software like ‘Energy 
Plus’ and refrigeration system analysis tools similar to that discussed in the Appendix A, but with 
further consideration of real-world operating environment boundary conditions. Internationally some 
work has been done by International Energy Agency in 2003 (Advanced Supermarket Refrigeration / 
Heat Pump Recovery Systems, Annex 26 Report No. HPP-AN26-2). 

AREMA strongly believes that such a software modelling tool is “forward looking” and thus 
required to support the ‘Energy Intensity’ measure proposed which is a “rear ward looking measure” 
and the development of such should be included in the overall strategy. 
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Whilst no AREMA members are manufacturers of coolroom panels or complete coolrooms, our 
members do provide refrigeration equipment and some of the ancillary items such as doors, 
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windows, seals etc.  From an equipment perspective AREMA endorses any measures to improve the 
thermal performance of WIC’s.   Moisture and heat ingress through poorly fitting doors, seals and 
panel joints is a common cause of claims of poor performance of the refrigeration equipment.  
Improvements in this area will not only provide energy savings but will improve the overall 
performance of the coolroom with respect to holding the desired storage temperature.  As in the case 
we present for c) ‘For cabinets built on site…’ we would like to see the introduction of a ‘Design 
Sheet’ to ensure load calculations and equipment selections are done correctly.  Pipe run and sizing 
for correct pressure drops should also be included as this also affect system efficiency.  This ‘Design 
Sheet’ could be the output from software that does the load calculation and equipment selection or it 
could be a standard ‘form’ that has the appropriate boxes that need to be filled in with the results of 
manual calculations.   We propose that it be a requirement that this Design Sheet is registered on a 
database or it is stipulated that it is kept with the system maintenance log book for auditing purposes.       

Another issue that has a dramatic effect on energy consumption is the use of multiple evaporators 
serving several rooms or cabinets off a single condensing unit.  This is often done to minimise 
overall cost of an installation at the expense of efficiency and reliability.  From an equipment 
manufacturers perspective this practice results in premature compressor failures as the compressor 
will be often be operating outside its normal operating envelope and ‘short cycling’ resulting in 
warranty claims.   When the system is lightly loaded or only one evaporator is cycled on, the 
compressor is operating very inefficiently as it is outside its designed operating envelope.  ‘Short 
cycling’ also results in repeated ‘in-rush’ current loads that increase overall energy consumption.   
The end user or landlord who has ordered the refrigeration system is often ignorant to the pitfalls of 
this practice. 

We should also state that multiple evaporators operating off a single condensing unit can be 
engineered to operate reasonably efficiently and reliably but strict engineering guidelines need to be 
applied in the sizing and selection of the equipment.   Our experience is that this is not widely done.  
It should also be noted, that multiple evaporators of the same size in a single storage space that 
operate together on a single unit is quite OK. To address this issue we would like to see this aspect 
included in the ‘Design Sheet’ proposed above. 

This issue can also be addressed through the use of variable capacity compressors and/or the use of 
small compressor racks with the appropriate control systems to ensure that the compressors are 
operated within a suitable band to achieve the best COP.  
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An overall problem that is encountered in the medium sized systems segment of the Walk-in 
coolroom market is that it is extremely price sensitive with the end users not well informed with 
respect to making purchasing decisions based on ROI, longevity and reliability.  We would like to 
see the use of financial incentives via Investment Allowances or a Rebate Scheme to promote the 
installation of higher cost solutions to achieve greater energy efficiency.   The uses of low GWP 
refrigerants, variable speed drives and HEPS components should be the minium qualification for the 
incentive.  
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To encourage the replacement of older larger systems in Supermarkets and Cold storage we would 
also like to see the introduction of Accelerated Depreciation Provisions or Investment Allowances.  
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Another method to improve industry practices in this area is to develop an Industry ‘Code of 
Practice’.  Regulations could call up that compliance with the Code is mandatory.   The equipment 
Manufacturers and Wholesalers could include compliance to the Code in their Warranty policies.  
However, it is critical that an Industry Code of Practice is supported through legislation/regulation to 
ensure that the whole industry complies.   Voluntary Codes of Practice produced by Industry 
Associations don’t carry the same weight as the Industry can only effectively push for compliance 
through its own membership.   Members often complain that they are being undercut on projects by 
companies that are non-members who are choosing to not comply with, or are ignorant of the Code. 

An example of an Industry Code that is part of a national Strategy and included in legislation is 
“The Australia and New Zealand Refrigerant Handling Code of Practice 2007”.  This has replaced 
the HB40 series of codes of good practice in Table 135 of the Australian Ozone Protection and 
Synthetic Greenhouse Gas Management Regulations 1995, making compliance with them mandatory 
for anyone holding a refrigerant handling licence or refrigerant trading authorisation as of January 1, 
2008. 

Although the Code’s principle purpose is to ensure Refrigeration Systems are designed, constructed, 
installed and serviced to minimise the risk of refrigerant leaks that effect the Ozone layer it has been 
revised to include HFC refrigerants that are covered under Kyoto.   This Code could quite easily be 
further revised to include aspects of refrigeration system design, manufacture etc that effect the 
efficiency of the refrigeration system. 

AREMA would support the revision of the Code to include energy efficiency aspects.   
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Remote Display cabinets are the major uses of energy in Australian Supermarkets and hence should 
receive more attention in the estimation and evaluation of their energy consumption.  Following is 
some detailed analysis and suggestions for improving the estimation of energy use so that better store 
design, long term planning and purchasing decisions can be made.  

1.  Test room temperature and humidity condition: 

Considering remote refrigerated display cabinets which are mostly used in small to large 
supermarkets, standards need to determine the correct indoor conditions for testing for: temperature 
compliance and energy rating. Currently the temperature compliance is done as per the 
manufacturer’s recommended climate class for the specified product temperature class. Energy rating 
test is done at climate class 3 (25°C/60%RH) for MEPS compliance. From our member’s experience, 
the majority of remote cabinets are operated in a conditioned indoor environment. Typical store 
conditions are around 22-23°CDB and 50%-55%RH. Having higher standard test conditions than 
typical operating conditions, the energy estimate using tested data is overestimated for energy 
efficiency benchmarking related to display cabinets, thus will affect the accuracy of national CO2 
footprint estimate for display cabinets. A full study should be conducted to determine the best test 
condition analysing the sensitivity of such conditions to the energy efficiency benchmarking and 
target. With our industry experience and taking a safety margin, we recommend that 24°C/55%RH 
standard operating condition should be used for the energy performance testing as per the ARI or 
ANSI/ASHRAE conditions. 

If such test operating condition is adapted for the local standard and it is based on ISO23953, then 
harmonization with ISO 23953 can be achieved by applying a kind of scaling or a conversion 
algorithm between it and the Australian standard.  Or, it may be better to adopt or harmonise with the 
actual ARI or ANSI/ASHRAE Test Standard. 

 

2. Refrigeration Energy Consumption (REC) calculation method: 

According to the current ISO and AS standards, refrigeration energy consumption (REC) of a remote 
cabinet is calculated using a very hypothetical assumption. Energy performance of a standard system 
is taken 3 times less than a theoretical Carnot reverse cycle engine operating between the same sink 
(condensing temperature, Tc, Kelvin) and source (evaporating temperature, Te, Kelvin). In simplified 
form it is written as: 

 COP Standard System = 3COPCarnot 

Or 

COP Standard System = 3 Te/(Tc-Te)    ……………………………………. (1) 
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Where, Te is the evaporating temperature of the equipment, Kelvin 

 Tc is standard condensing temperature which is fixed to 308.15K. 

 

Using the above equation, equivalent COPs of standard hypothetical systems for various equipments 
with different Te are shown in the table 1 below. 

 

Table 1: Standard COP based on AS1731 & 
ISO23953 

      

 tc (Condensing Temperature, °C) 

 25 30 35 40 45 

te (°C)      

-5   2.279   

-6   2.215   

-7   2.155   

-8   2.097   

-9   2.041   

-10   1.988   

-11   1.938   

-12   1.889   

 

The biggest problem with this highly-simplified approach is that it overestimates the energy 
consumption when actual condensing temperature is lower than the standard. The following 
simplified analysis demonstrates extend of overestimates compared to the real world to illustrate the 
problem. Accuracy of such estimates is subject to further technical research work. 

 

In the real system, the condensing temperature varies with ambient, so the actual system COP, 
therefore, the actual energy consumption varies with ambient change. For a simple demonstration, 
condensing temperatures and their corresponding hours of occurrence are taken arbitrarily then 
approximate COPs are calculated as shown in table 2. 
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Table 2: Approximate system COP at various condensing temperatures 
considering only typical reciprocating compressor and condensing fan 

 

Hours/year-> 4000 2000 1500 1000 260 (arbitrary values) 

 tc (Condensing Temperature, °C) 

 25 30 35 40 45 

te (°C)      
Yearly Weighted 

Average COP 

-6 3.907 3.327 2.852 2.453 2.111 3.375 

-7 3.790 3.232 2.774 2.388 2.057 3.277 

-8 3.677 3.141 2.699 2.326 2.004 3.183 

-9 3.568 3.052 2.626 2.264 1.952 3.092 

-10 3.462 2.967 2.555 2.205 1.902 3.004 

-11 3.360 2.883 2.486 2.147 1.853 2.919 

-12 3.262 2.803 2.419 2.091 1.805 2.836 

-13 3.167 2.725 2.354 2.036 1.759 2.756 

 

The higher COPs in table 2 compared to the values in table 1 indicate the extent of the energy 
overestimate that may occur by applying standard method depending upon the assumptions of 
ambient temperatures. Particular to Australian context, the daily, seasonal and geographical 
variations of Australian ambient is much higher than perceived European variation therefore; 
applying local ambient condition instead of European climate is much preferred. 

It is also known to the industry that in a real store, the cabinet heat load varies daily and seasonally 
due to change of store operating condition and store operating behaviour. Most often the heat load is 
much lower than the standard load. This also adds to the uncertainty of energy impact to the national 
energy efficiency policy development for refrigerated display cabinet using current standard. There 
are also many other real store operational matters those need to be considered and can be 
programmed in an energy modelling software. Some points are highlighted in the later sections. 

It is thus AREMA’s opinion that an appropriate detail modelling method and a software tool 
should be developed for assessing energy estimates of display cabinets in more a  realistic manner 
which can give good benchmarking, good CO2 footprint estimates and a good energy labelling 
scheme for the future.  
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Energy labelling of display cabinets has been discussed in the near past. For labelling, a software tool 
will be necessary to estimate transient annual cycle energy performance as accurate as possible to the 
real and local world. 

 

In a transient modelling method, year round ambient temperature profiles can be allocated for 
different climatic zones in Australia in the similar manner adapted in solar energy systems such as 
solar photovoltaic and solar hot water system. For example, AS2712 offers software code for 
estimating renewable energy certificates for solar water heaters.  

Following graph demonstrates a transient power input calculation using TRNSYS simulation for 
cabinet cooling load throughout a year using Sydney hourly ambient temperature data. Note this is a 
sample demo and shows what is possible. 

 

 

 

Industry average indoor conditions profile throughout the year can also be established thus the 
cabinet heat load changes can also be factored in the modelling giving further closer result to the real 
world. 

Such software will allow modelling with other system features in more realistic manner for more 
accurate estimates. For example, applying “standard pipe layout”, “standard compressor types”, 
“standard condenser performance curves”, operating night covers and lighting during non-trading 
hours etc. can be dealt with very easily. 

In the recent time, CO2 as natural refrigerant has been used in commercial refrigeration industry with 
various system design features (e.g. cascade, parallel or multiplex, liquid recirculation, subcritical, 
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transcritical, etc.). There are debate and doubts about their energy and indirect environmental 
impacts. A software tool can include different refrigerant and corresponding system design features 
to enable more accurate claims for such emerging technology applied to display cabinets. Remote 
cabinets are stationary for the entire service life thus energy claims should better off be made on the 
installed basis in addition to the MEPS process for basic types of cabinets captured at the point of 
sell. 

 

In the longer term, such a tool can also be extended to use actual site ambient and operating data 
and real store system design so that designers can make an energy wise design decision on every 
commercial refrigeration plant. 

 

3.  TEC/TDA is not a good measure of energy efficiency: 

TDA (Total Display Area), expressed in terms of geometrical area, represents what the display 
cabinets are made for – “display”. And TEC/TDA became a commercial and regulatory norm to 
express energy efficiency reflecting energy consumption per unit “display”. Display has a 
merchandising meaning, which can be subjective. TDA has mathematical consequences of “area” 
which must have a systematic relationship with TEC for TEC/TDA to be an energy efficiency 
indicator. The ratio TEC/TDA is better called specific energy consumption per display area than 
energy efficiency. In real products, the TEC is not linear and proportional to either mathematical 
TDA or merchandizing “display” in all types of cabinet and across different types of cabinet. 
Therefore, from energy point of view, TEC/TDA does not represent as good specific energy 
consumption measure as when TEC is related to usable refrigerated volume (similar to US and 
Canadian standards). Alternatively, TEC and usable refrigerated volume relationship can be 
normalized with cabinet length or run length to give even better generalized measure covering 
straight or curved runs on the floor. Following explanation will highlight the problem with 
TEC/TDA measure. 

 

TDA can independently be taken as a measure for merchandising capacity of a display cabinet – as 
“display” without referring to energy efficiency. Energy is effectively used to keep a volumetric 
space of a cabinet cold where products are displayed within that space. A volumetric space can be 
enclosed by real or invisible walls and can be explained as a control volume for this purpose. Air 
curtain in an open multideck is an invisible wall, which offers the highest display but least energy 
efficiency. Glazing is a transparent wall offering the next level of display but next level of better 
energy efficiency. However, when glazing is applied to an open cabinet, a TEC reduction of up to 
75% may occur with almost no change in TDA. Non-transparent solid walls are obviously no-
display-walls having opportunity to be the best insulator for even better energy efficiency but it does 
not mean that it will have zero TEC. A zero TDA on a cooled space cannot have zero TEC or REC 
whereas a zero volumetric cooled space means it must have zero REC and may also have zero TEC if 
there is no other electrical input required for zero-cooling space. Applying additional cabinet lighting 
enhances display though lighting is not included in value of TDA (to emphasize “display”) whereas 



�

���

�

light transmissivity of glazing is applied in current standards to degrade TDA of a glazed wall. 
Lighting energy is always included in energy calculation. Particularly shelf lighting within cooled 
space offers multiple effect on TEC. Therefore, relationship between display area, and energy is not 
straight and further clarifications are presented below. Subjective “display” is ignored from now on. 

TDA increases proportionally to the opening height of an open multideck but from scientific 
researches it is revealed that heat ingress through air curtain increases proportional to the square root 
of air curtain length. Implication of this is when a cabinet opening height is increased, although the 
cabinet will consume more energy and release more greenhouse gases, but its energy efficiency 
becomes better than a shorter cabinet when measured against TDA. 

Furthermore, in the current TDA calculation method, the horizontal projection area constitutes a 
serious problem in this relationship. The problem is demonstrated using a short canopy cabinet as an 
example. When the top canopy of a multideck cabinet is reduced, the horizontal opening (Ho) value, 
thus the TDA is significantly increased. Figure D3 of AS1731.14-2003 (reproduced below) shows a 
short canopy cabinet against wide canopy cabinet depicting the dominancy of Ho in the TDA 
calculation. Reduced canopy cabinets bear more risk of failing on product temperature than longer 
canopy or enclosed cabinets due to inability to maintain a good diagonal air curtain to protect 
exposed products. Consequently the relative energy consumption increases.  But this increase is not 
proportional to the increased display area, thus the cabinet may become energy efficient per TDA 
basis despite total energy consumption per volume of cooled space is increased.  

 

 

Similarly, there are also inconsistencies and significant differences among different types of cabinets 
in the way display area relates to energy consumption. In a serviced deli cabinet, the TDA includes 
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the horizontal opening of the rear door and all horizontal and vertical projection of glazed area at the 
front as shown in the following figure D1 of the current standard (AS1731.14-2003). In such cabinets 
when cold air is only supplied over the products on the base deck, increasing glazed area does not 
effectively increase energy consumption whereas it increases TDA very significantly. Thus increased 
glazed cabinet become more energy efficient than increased solid insulated walled cabinet though the 
latter may consume much less energy for the same cooled volume. 

 

 

Serve over the counter and self serve cabinets come in round corners or wedge shaped in almost 
every supermarket stores. These are not captured in the current standard and perhaps may not be 
feasible to capture every single variation available in the real world. Depending upon whether it is a 
outward bend or inward bend, the TDA is increased or decreased significantly whereas, energy 
estimate is normally taken as the mean length through the centre of the run of a cabinet of the same 
family. This process encounters serious error of energy efficiency judgment of this kind of variation 
using TEC/TDA value. A relationship between TEC and cooled volume when normalized by mean 
cabinet length can become an excellent measure for determining specific energy consumption of 
such cabinet. This method is also good for all other types of cabinets. 

 

Figure 14 of the In From The Cold strategy Vol 1 draft (reproduced overleaf), which is generated 
from real data of RS2 type of open multideck cabinet indicates that data points on the graph is highly 
scattered therefore a linear relationship between TEC and TDA is very unlikely even within the same 
type of display cabinet. It highlights that there are other factors influencing TEC more significantly 
than TDA in this type of cabinet. Among the other factors, some design features like angled shelf, 
attachment of mirror, shelf density, attachment of hangsell or wire shelf etc. are used as design 
requirement for the end user. These features may have very minor or no relation to TDA but 
definitely have notable energy impact. Few of them are discussed in the later section 1.6. 
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The reason why the current standard requires so many RDC types and different levels of MEPS for 
each type is only because of the non-linear relationship between energy and TDA. 

Therefore, all the above analyses suggest that a misleading energy impact to the commercial display 
cabinet is associated to the use of TEC/TDA as a measure of energy efficiency. 

AREMA recommends determining relationships between TEC and usable cooled volume for 
determining specific energy consumption for display cabinets as a measure for energy efficiency 
indicator in the similar manner used in USA and Canada. Such relationship can also be 
normalized by cabinet mean length for further improved and generalized measure. 

This will also help reducing types of cabinet from current standards. It is arguable that use of 
volumetric measure for specific energy consumption as an indicator for energy efficiency will put all 
types of display such as, open air curtain, glazed walls, solid walls, horizontal or vertical in one 
common scale of performance measure. This will lead to an energy wise choice of selecting among 
the open, glazed or solid wall, horizontal or vertical cases. 

 

4.  Allowance for different temperature class (section 5.2.1 of Volume 1 of the draft 
strategy): 

In the equation shown in the report, 1% less of each temperature class is not enough. Depending 
upon design of a cabinet, the same cabinet when originally designed for 3M1, just dropping 
evaporating temperature by 1°C will not suffice the 3M0 class product temperature performance. 
Typically 1°C lower evaporating temperature means 2%-4% more energy consumption. Also to get 
well distributed air flow in 3M0 cabinet may need increased flow which in turn will increase energy 
consumption significantly, leading to a net increase of energy consumption well over 5%-10% more 
than a baseline 3M1 cabinet. Similar law is applicable for 3M1 vs 3M2 and so on.  A detailed study 
must be conducted before such simplicity as presented in the draft strategy is applied. 
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Alternatively, it can be left with the manufacturer to test and declare energy for 3M0 cabinets. 
When energy modelling approach will be applied, these kinds of variations can easily be put into 
practice using rigorous scientific formulae. 

 

5.  Lighting and Night Cover – Cross Country Market Entry and Local Requirements: 

The way European and Australian standards deal with lighting and night cover for energy test is 
already making un-equal outcomes between the two tests. It is experienced that cabinets certified in 
Europe did not give the same performance when tested in Australia. Australian products failed to 
penetrate to European market because Australian test result had light turned on for 24Hr giving much 
more energy consumption compared to European locally tested cabinet. 

In real Australian stores, the fitment and operation of cabinet light and night covers are solely done at 
the discretion of the store operator. Until very recently all open cabinets were supplied without any 
night cover and any light control devices fitted therefore tested without any night cover and with 
24hr lights on. The cabinet energy ratings submitted to the regulator presents data without night 
cover and lights full on. Sometimes these features are supplied separate to the client as options. Thus, 
in real store, quite often lights are controlled and night covers are used during non-trading hours. 
Regulation must address this discrepancy. Impacts of cabinet regulation and relevant building 
regulation must be brought with coherency. 

We suggest that when an electrically controllable night cover is fitted in an open cabinet which can 
be, and is normally, operated by building management system, energy rating is determined by 
testing with night covers down for standard non-trading hours. The standard non-trading (or 
trading) hours must be determined based on local practice. Cabinet lights must be turned off together 
with night cover for such test. Because lights can always be electrically hooked up to building 
management system to turn off during non-trading hours regardless of any means (switch or control) 
fitted to the cabinet, lights should also be turned off during energy test for the non-trading period 
when night covers are not fitted. Again corresponding building regulation must match these cabinet 
light control requirements. 

 

6.  Angled shelf, mirror, and sensitive food stuff and shelf density in RDC: 

Comparing the figures 3(or 4) and 5 of AS1731.5-2003 as shown below, reveals that two different 
types of test and Mpack loadings are depicted for two different styles of internal shelf arrangement 
(e.g. angled), mirrors and food stuffs, though both of them falls under the same cabinet category 
listed in AS1731.14-2003 when their external dimensions fall within the same limits. There are 
severe energy penalty for such arrangement. Vertical shelf density plays an important role in energy 
impact. Depending upon the loading pattern and shelf density, the energy penalty can be as much as 
20-30% for the same product temperature class for the same cabinet category. Occasionally wire 
shelves are used instead of solid shelves making energy impact even further more than TDA.  
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In addition to this, the standard cites word “sensitive food stuff” without any further clarification of 
such word and how it is related to types and measurable energy performance to the cabinet. Energy 
consumption penalty for such cabinet features is not recognized in the current standard. There have 
been scenarios where, cabinets are actually declared as horizontal shelf cabinet but in the real field 
the shelves are angled. The energy efficiency strategy needs to recognize the issues of mirror, 
angled shelf, density & type of shelf and “sensitive food stuff” and their loading by clearly 
defining and relating these in terms of measurable energy performance level. 
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7.  Number of cabinet categories: 

We are of the view that by adapting some of the above major changes to the standard will allow 
reducing the types of cabinet in even lesser number than current ISO standards. 

 

 


