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Stakeholder consultation – Ecodesign for Commercial Refrigeration


Development of Ecodesign requirements for 
Commercial Refrigeration 

Request for information from stakeholders
on energy consumption
September 2013

This request for information has been prepared by the DG JRC of the European Commission, to inform industry and other stakeholder groups and to collect input and opinions on the reference energy consumption of Commercial Refrigeration.

The information is to be used for the development of Ecodesign requirements. Note that these requirements, once adopted, have a mandatory character in the EU.
Deadline for posting answers: 14th October 2013
Address to post the answers:
JRC-IPTS-COMREFRIG@ec.europa.eu or fax to +34-95-448 84 26

We rely heavily on stakeholder consultation, so your time and expertise are greatly appreciated and valued.

Thank you in advance for your support!
For further information regarding this stakeholder consultation, please contact:

JRC-IPTS-COMREFRIG@ec.europa.eu , +34 954 487 195

or visit http://susproc.jrc.ec.europa.eu/comrefrig/index.html 
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1 Introduction
1.1 Background

The development of Ecodesign requirements for Commercial Refrigeration is led by the European Commission's Directorate General for Energy (DG ENER), assisted by the Joint Research Centre (JRC). The project is defined as ‘Ecodesign for Commercial refrigerators and freezers’, previously identified as TREN LOT12.
The Ecodesign requirements to be developed will be based on the requirements addressed in EU Ecodesign Directive (2009/125/EC) ‘Setting of ecodesign requirements for energy-related products’. Once adopted, the requirements will be mandatory and legally binding in the entire European Union. They will affect new commercial refrigeration appliances to be placed on the EU market.

Ecodesign requirements are intended to discard the commercialisation of low-end products, based on environmental performance. As product design and markets progresses, these requirements will be updated to ensure they remain relevant. 
The preparation of requirements is to be based on updated and clear environmental criteria with a scientific evidence base. Several environmental, safety, technical and functional aspects will be considered.

Stakeholder involvement is a crucial part of this study. During the development of Ecodesign requirements, continuous wide consultation is foreseen with experts and stakeholders, including manufacturers, supply chain industry, end-users, consumer organizations, Member States and NGOs. The evidence base uses available scientific information and data, adopts a life-cycle approach and engages participants to discuss the issues and develop consensus. 
For laying down implementing measures for commercial refrigeration, preparatory work based on the MEErP methodology
 has been previously undertaken, through a study from BIO IS
 , followed by a Commission working document. 
The JRC is now revising and updating the BIO IS preparatory study. Based on this update, Ecodesign requirements will be prepared. All the work is and will be based on scientific evidence and consultation with experts and interested parties. 
In the course of updating the BIO IS preparatory work, contact is established with stakeholders. A general questionnaire was distributed in December 2012. Following this, a first working document was distributed in preparation of a first stakeholder meeting, which took place in Seville on 23 April 2013. A second questionnaire regarding the scope and definition was distributed in June 2013. The outcome of this questionnaire, which deals with energy consumption, will be integrated in a document that will serve as input for the second Technical Working Group meeting to be held in Brussels (venue to be confirmed) on 10th December 2013. Additional information about the project can be found at http://susproc.jrc.ec.europa.eu/comrefrig/index.html .
We kindly request that responses to the questions are inserted in the answer boxes provided. Do not feel obliged to complete all the questions. Partly filled forms and comments on the explanatory texts are also welcome.
1.2 Aim of this document

This document is intended to collect the opinion from stakeholders on a number of specific questions related to the energy consumption of the products under study.
The document is structured as follows:

1. The proposals to define the reference energy consumption and the best available techniques (BAT) are outlined.

2. A set of questions is presented, giving you the opportunity to share your expertise and opinion regarding how to define reference energy consumption of commercial refrigeration appliances.
3. An appendix presents detailed background information and data, giving you also the possibility to provide additional data or insert comments.
Please note that the formulas provided have the intention of describing the reference energy consumption of appliances currently on the market, representing the average energy consumption of each of such appliances.

Feel free to not only answer the specific questions, but also to provide comments on the specific proposals, the data used and the segmentation background that is provided. Please fundament your comments in scientific literature or extra available data. Bear in mind that different measurement protocols ISO 23953, brand protocols, ASHRAE etc. will result in different figures for the same appliance
, so the measurement protocol used shall always be specified. Please be also aware that only data based on ISO 23953 can be used eventually, unless additional information on the conversion factor is delivered as well.
Stakeholders are kindly requested to assist with the Ecodesign development process. Feedback is encouraged to ensure that this process is as complete as possible, and provides challenging but realistic targets for manufacturers to meet. 

Please answer the questions in this document as clear as possible and in the provided text boxes. Please support your answers with additional data and/or documents, when relevant. Answers and additional feedback should be sent to 

JRC-IPTS-COMREFRIG@ec.europa.eu
2 Contact details
	Detail
	Please enter your details below

	Title 
	

	*Name
	

	*Company/Organisation
	

	Type of Company 
(e.g. Manufacturer, Retailer,…)
	

	Job Title/Position
	

	Address
	

	Postal Code
	

	*Country
	

	Telephone Number
	

	*Email
	

	Web
	


* Please provide at least these details
If you want that your response or part of your response is treated as strictly confidential, please indicate this clearly. In such a case, any future reference or use made by the JRC to the information provided will be duly anonymised. 
You receive this document because your email address was associated to one or more of the stakeholder lists of the project of Ecodesign for Commercial Refrigeration, or because the document has been forwarded to you by one of these listed stakeholders. 

You can obtain more information about the project at: http://susproc.jrc.ec.europa.eu/comrefrig/index.html
3 Reference energy consumption of commercial refrigeration
3.1 Introduction
One of the goals of this project is to define the reference energy consumption of commercial refrigeration appliances. This means defining the ‘average’ energy consumption of the appliances currently on the market. This will allow in a later stage of the project to define minimum energy performance requirements and energy labelling classes if needed. Please note that the proposed energy values are NOT minimum energy requirements, but are intended to present the current status of the market.
Well-defined reference energy consumption values are key for industry and retailers, as well as NGOs, policy makers and society as a whole. Over-estimated values would lead to too strict MEPS (Minimum Energy Performance Standards), and may cause unintended difficulties and costs for industry in the production of appliances meeting such requirements. Under-estimated reference energy values would lead to very lenient MEPS and a situation where the improvement potential is not exploited, and innovating companies are not rewarded for their efforts in developing energy efficient appliances, or lose competitive opportunities vis-à-vis non-EU industry. 
Only balanced reference energy consumption values based on the most up-to-date data will lead to realistic implementing measures, long-term competitiveness gains for the EU industry, and a controlled development towards lower overall energy consumption of the EU stock of commercial refrigeration appliances.

For the reasons above, it is very important for all stakeholders involved to carefully check the proposed reference energy consumption values. These values will be further fine-tuned based on any additional data provided. 

Once in place, the reference energy consumption values will be used to develop energy consumption formulas and ultimately legally-binding MEPS.
3.2 Data sources
Different data sources have been consulted for the development of the proposed reference energy formulas:

1. Eurovent. One of the programmes of the Eurovent Certification Company deals with refrigerated display cabinets, and has resulted in the publication of a dataset on their website.
 These data (March 2013) have been used in the present study.
2. The Enhanced Capital Allowance (ECA) Scheme. This scheme is part of the UK Government’s program to manage climate change. Relevant data registered at that scheme in May 2011 has been used. More recent data from that scheme will later be used for data cross-check.
3. TopTen.  TopTen
 is an independent international program to create a dynamic benchmark for the most energy efficient products.
4. Other. Data provided randomly by stakeholders through previous questionnaires or on a voluntary basis have been included in our data set as well. As a general rule, and in all cases when requested, confidential data has been anonymised.
The data used stems from testing following the ISO 23953 standard. No sales weighting has been undertaken.
3.3 Development of reference energy consumption formulas

3.3.1 Metrics

Total display area (TDA) is always expressed in m², total energy consumption (TEC) in kWh/day and volume (V) in litres net refrigerated volume.

The reference energy consumption formulas refer to appliances measured according to the ISO 23953 standard. For vending machines, the EVA-EMP 3.0a test protocol is used to define the energy consumption.
3.3.2 Segmentation

For consistency, care has been taken that the approach to the proposal of reference energy formulas is the same as in the Household Refrigeration Regulation (EC/643/2009) and the upcoming Professional Refrigeration Regulation. The analysis of the available datasets has resulted in proposing a segmentation of commercial refrigeration appliances (freezers for frozen products, refrigerators for chilled products) into the following four categories:

· Display cabinets (both refrigerators and freezers)
· Beverage coolers (refrigerators only)
· Ice-cream freezers for merchandising (V ≤ 400 litre)
· Vending machines (both refrigerators and freezers)
The rationale and background information for this segmentation is provided in Appendix I of this document. Comments regarding segmentation of product categories can be inserted in the answer boxes of Table 1 in Appendix I. 

3.3.3 Generic structure of the energy consumption formula

The generic structure proposed for the energy consumption formulas of all product categories is as follows:

TEC = C1 + C2*X

Where: 

· TEC is the Total Energy Consumption, measured in kWh/day
· X is either TDA (Total Display Area, measured in m2) or V (net refrigerated volume, measured in litres), depending on the functionality of each product category

· C1 is the offset constant (kWh/day)
· C2 is a constant multiplier (in kWh/(day.litre) or kWh/(day.m2))
In all cases, it is thus assumed that the energy consumption is a linear function of the total net refrigerated volume (chilled/frozen) or the total display area. The constants and multiplication factors (C1, C2) will vary depending on the product category, and can be absent or be the result of additional calculations (e.g. the sum and weighting of volumes or areas of different compartments of the appliance).

These functions and coefficients are empirical and are derived by linear regression, using the available data. This approach has been used in the past for similar calculations in the Household Refrigeration Regulation (EC/643/2009), the upcoming professional refrigeration regulation, and the MEPS on commercial refrigeration in place in other world regions (USA, Canada, California, New Zealand, Australia).
3.3.3.1 Display cabinets
This section deals with energy use of display cabinets, including among others supermarket segment, serve-over counters, ice-cream freezers with V > 400 litre, and gelato ice-cream freezers.
For freezers, no difference is proposed for appliances working under different temperature classes for test packages
, as there is a lack of representative data of classes L2 and L3. In the proposal, not differentiating the working temperature means that the so-called gelato ice-cream freezers, which work at -10°C, are covered by the formula. In the ISO 23953 standard, a working temperature of
 -10°C could be classified as class S (special classification). 
In Proposal 2, no difference in working temperature has been made.
It has been found that the display area is the most frequently used variable for the physical characterisation of display cabinets, a consequence of their function as appliances that store and offer a maximum of visual contact and easy access by customers. The use of the variable TDA is thus proposed. 

The multiplication factor C2 of TDA is defined by linear regression TEC vs. TDA, with C1=0 (i.e. passing through the origin (TDA = 0, TEC = 0)), see also Appendix I. For the freezers, only data of closed cabinets has been used to define C2. For refrigerators, no differentiation has been made so far between open and closed appliances.
Proposal 1

	
	
	Working temperature*
	TEC

kWh/day
	C2
kWh/(day.m²)
	TDA

m²

	Freezers 
	Vertical/combined
	Thigh ≤ -2°C
	TEC = 
	17.3
	TDA

	
	Horizontal
	Thigh ≤ -2°C
	TEC = 
	7.9
	TDA

	Refrigerators
	Vertical/combined
	Thigh ≤ +7°C (M1, M2)
	TEC = 
	9.3
	TDA

	
	
	Thigh > +7°C (H)
	TEC = 
	6.5
	TDA

	
	Horizontal
	Thigh ≤ +7°C (M1, M2)
	TEC = 
	5.3
	TDA

	
	
	Thigh > +7°C (H)
	TEC = 
	4.2
	TDA


*Thigh is defined as the highest temperature of the warmest M-package.
Proposal 2
	
	
	TEC

kWh/day
	C2
kWh/(day.m²)
	TDA

m²

	Freezers
	Vertical/combined
	TEC = 
	17.3
	TDA

	
	Horizontal
	TEC = 
	7.9
	TDA

	Refrigerators
	Vertical/combined
	TEC = 
	9.0
	TDA

	
	Horizontal
	TEC = 
	5.3
	TDA


3.3.3.2 Beverage coolers

Proposal 1 below is based on the TopTen limit
 and is adapted to define the reference energy consumption instead of the best performing appliances. 
For proposal 2, the pre-factor relating to the volume is defined by linear regression of the available data with TEC in function of the net refrigerated volume, and passing through the origin (C1=0).
Unlike display cabinets, it has been found that volume and not display area is the most frequently used variable for the physical characterisation of beverage coolers. The use of the variable V (net refrigerated volume) is thus proposed. 

	
	TEC

kWh/day
	C1
kWh/day
	C2
kWh/(day.litre)
	V

litre

	Proposal 1
	TEC = 
	1.92 +
	0.013
	Volume

	Proposal 2
	TEC = 
	
	0.012
	Volume


3.3.3.3 Ice-cream freezers for merchandising (V ≤ 400 litre)
Proposal 1 for small ice-cream freezers is based on the TopTen limit7 and is adapted to define the reference energy consumption instead of the best performing appliances. For proposal 2, the pre-factor relating to the volume is defined by linear regression of the available data with TEC in function of the net refrigerated volume, and passing through the origin (C1=0).
For ice-cream freezers, it has also been found that volume and not display area is the most frequently used variable for physical characterisation of the appliance. The variable V (net refrigerated volume) is proposed. 

	
	TEC

kWh/day
	C1
kWh/day
	C2
kWh/(day.litre)
	V

litre

	Proposal 1
	TEC = 
	1.48 +
	0.010
	Volume

	Proposal 2
	TEC = 
	
	0.020
	Volume


3.3.3.4  Vending machines

For vending machines, ISO 23953 is not a suited testing method. The EVA-EMP 3.0a test protocol is proposed to define the energy consumption. 
The following reference energy consumption is proposed, based on the formula agreed upon in the earlier (2005-2010) phase of the project. The formula is based on volume (be it chilled or frozen).
	
	TEC

kWh/day
	C1
kWh/day
	C2
kWh/(day.litre)
	EC

litre

	Vending machine

Proposal 1
	TEC = 
	4.11 +
	0.044
	EC(equivalent volume)
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with , being an equivalent volume that weighs the different volumes of 

the vending machine at different temperatures, where: 




i = different compartments within a vending machine which operate at different 


temperature levels

Tmci, for example, differentiating between the following areas: non-perishable goods, 


perishable goods, pre-cooling, other areas 

V = volume of the respective compartment multiplying width, depth and height of the 


“boxes”, measured in dm³.

Proposal 2: An alternative proposal for vending machines can be that the reference energy consumption corresponds with the current Class D, as currently proposed in the EVA-EMP 3.0a protocol. However, such a proposal could only be justified after the standard has been checked and approved by CENELEC. 
Regarding the selection of Class D as reference, it has to be noted that the EVA-EMP energy classification is based on a somehow outdated dataset (pre-2005). A correlation of reference values used in the US with EVA-EMP energy classification
 shows that the US reference values would fall in EVA-EMP's Class B, not Class D. This calls for the need of an update of the reference datasets, or alternatively an adjustment of the reference classes used in EVA-EMP energy classification (e.g. meaning that energy class B would have to be rescaled to energy class D).
3.4 Best available techniques (BAT)

For reference, the energy use of the most efficient appliances currently on the market are shown below:
· Display cabinets

	Freezers
	Vertical/combined
	TEC = 8.9 kWh/(day.m²)

	
	Horizontal
	TEC = 3.8 kWh/(day.m²)

	Refrigerators
	Vertical/combined
	TEC = 3.2 kWh/(day.m²)

	
	Horizontal
	TEC = 1.8 kWh/(day.m²)


· Bottle coolers

TEC = 2.35 kWh/day (V = 346 litre)
· Ice-cream freezer
TEC = 1.03 kWh/day (V = 189 litre)
· Vending machine


TEC = 3.21 kWh/day (V = 500 litre)


4 Questions
You are invited to answer the questions addressed below. 
There is a first set of questions below dealing with data, appliance types, testing, technical characterisation, and the empirical approach taken to the determination of the reference energy consumption values and formulas. 

Subsequently, there are answer boxes in Appendix I that allow you to insert specific technical comments on: 

a) the mathematical expressions and structure of the formulas;
b) the rationale for segmentation.
Questions on data, appliance types, testing and technical characterisation of appliances
1. How do the proposals made correspond to your own data, and/or to your knowledge of the existing appliance stocks? Please fundament your answers in actual data. Please bear in mind that different measurement protocols ISO 23953, brand protocols, ASHRAE etc. will result in different figures for the same appliance. Only data based on ISO 23953 can be used for the comparisons and inserted in our database, unless extended information on the conversion factor is also provided.

	


2. Are you aware of any appliance that cannot be categorized in any of the proposed categories (display cabinet, beverage cooler, ice-cream freezer and vending machines)? Please bear in mind that serve-over counters and gelato ice-cream freezers are included in the display cabinet category.

	


3. Appliances working with static air cooling could have problems with keeping the prescribed temperature if tested by ISO 23953 because of the door opening protocol. Could you please identify examples of appliances that could encounter such problems? Please indicate also if you have experience with problems during testing these appliances.
	


4. How would you define a beverage cooler so it is differentiated from a plug-in, vertical, closed chilled product display cabinet (classified in ISO 23953 as IVC4)? Is there any physical parameter or clear characteristic that allows a strict differentiation e.g. based on net refrigerated volume or total display area?
	


5. In the proposals for display cabinets, no off-set (C1) value is provided 
(e.g. TEC = C1 + C2*TDA). If you think such an energy off-set is necessary, please provide figures and data to support your (C1) proposal. Please bear in mind that setting an off-set C1 (a constant value) will reduce the slope of the regression line, thus reducing the value of C2.

	


6. What is your opinion on segmenting ice-cream freezers based on a net refrigerated volume 
V = 400 litre?
	


7. Beverage coolers, and certain vending machines, could be equipped with an energy management device that lowers the energy consumption at times that no customers are around (presence detector). This could save a considerable amount of energy, in some cases up to 30-40%. The ISO 23953 standard does currently not allow the quantification and testing of the energy savings achievable with these devices. Moreover, it would be difficult to come to comparable data if such devices are integrated during the measurement time.  How do you think that such devices could be rewarded in possible future MEPS or energy classifications? Suggested options could be:

· Specific labelling without quantification (e.g. "Additional energy saving with energy management device").
· A specific measurement protocol that allows the quantification of these savings is specified in the future Regulation.
· Launch a procedure to modify the ISO 23953 standard as to integrate the possibility of quantifying the savings resulting from the presence of energy management devices. 

· Other.
	


8. Different opinions exist about the energy consumption of plug-in appliances versus remote appliances. Some references indicate that plug-ins are more efficient, while others claim the opposite. In the absence of clear evidence, it is proposed to treat these two classes equally. If you believe there is a significant difference between the energy use of these two groups of appliances, ceteris paribus, please provide quantitative evidence. Please bear in mind that the beverage coolers, the small ice-cream freezers and the vending machines are plug-in appliances and are treated as a separate category in the current proposal.
	


9. What is your opinion about the inclusion of a bonus-malus system to account for the GWP of the refrigerant? A bonus-malus system could reward appliances working with low-GWP refrigerants and/or penalise appliances working with high-GWP refrigerants. The means of doing this proposed in the earlier phase of this project (2005-2010) was to multiply the reference energy consumption with a factor related to the GWP of the refrigerant.
	


10. Should you have knowledge of appliances that are more energy efficient than the best available technique figures presented, please provide quantitative data on this.
	


5 Other Information

If you have any other relevant comment or information, e.g. consistent data, on commercial refrigeration, please provide it below or email to:

JRC-IPTS-COMREFRIG@ec.europa.eu


Many thanks for your time in providing us with your information. Your contribution is very much appreciated.

6 Appendix I
6.1 General comments on reference energy formula proposals

Proposal 1 for display cabinets
	
	
	Working temperature*
	TEC

kWh/day
	C2
kWh/(day.m²)
	TDA

m²

	Freezers 
	Vertical/combined
	Thigh ≤ -2°C
	TEC = 
	17.3
	TDA

	
	Horizontal
	Thigh ≤ -2°C
	TEC = 
	7.9
	TDA

	Refrigerators
	Vertical/combined
	Thigh ≤ +7°C (M1, M2)
	TEC = 
	9.3
	TDA

	
	
	Thigh > +7°C (H)
	TEC = 
	6.5
	TDA

	
	Horizontal
	Thigh ≤ +7°C (M1, M2)
	TEC = 
	5.3
	TDA

	
	
	Thigh > +7°C (H)
	TEC = 
	4.2
	TDA


*Thigh is defined as the highest temperature of the warmest M-package.

Your comments on proposal 1 for display cabinets

	


Proposal 2 for display cabinets
	
	
	TEC

kWh/day
	C2
kWh/(day.m²)
	TDA

m²

	Freezers
	Vertical/combined
	TEC = 
	17.3
	TDA

	
	Horizontal
	TEC = 
	7.9
	TDA

	Refrigerators
	Vertical/combined
	TEC = 
	9.0
	TDA

	
	Horizontal
	TEC = 
	5.3
	TDA


Your comments on proposal 2 for display cabinets

	


Proposal 1 for beverage coolers
	
	TEC

kWh/day
	C1
kWh/day
	C2
kWh/(day.litre)
	V

litre

	Proposal 1
	TEC = 
	1.92 +
	0.013
	Volume


Your comments on proposal 1 for beverage coolers

	


Proposal 2 for beverage coolers
	
	TEC

kWh/day
	C1
kWh/day
	C2
kWh/(day.litre)
	V

litre

	Proposal 2
	TEC = 
	
	0.012
	Volume


Your comments on proposal 2 for beverage coolers

	


Proposal 1 for small ice-cream freezers - Horizontal, (V ≤ 400 litre)
	
	TEC

kWh/day
	C1
kWh/day
	C2
kWh/(day.litre)
	V

litre

	Proposal 1
	TEC = 
	1.48 +
	0.010
	Volume


Your comments on proposal 1 for small ice-cream freezers

	


Proposal 2 for small ice-cream freezers - Horizontal, (V ≤ 400 litre)
	
	TEC

kWh/day
	C1
kWh/day
	C2
kWh/(day.litre)
	V

litre

	Proposal 2
	TEC = 
	
	0.020
	Volume


Your comments on proposal 2 for small ice-cream freezers

	


Proposal 1 for vending machines
	
	TEC

kWh/day
	C1
kWh/day
	C2
kWh/(day.litre)
	EC

litre

	Vending machine

Proposal 1
	TEC = 
	4.11 +
	0.044
	EC(equivalent volume)


with 
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 , where 


i = different compartments within a vending machine which are operated at different temperature levels


Tmci, for example, differentiating between the following areas: non-perishable goods, perishable goods, pre-cooling, other areas, 


V = volume of the respective compartment multiplying width, depth and height of the “boxes”, measured in dm³.
Your comments on proposal 1 for vending machines
	


Proposal 2: The reference energy consumption corresponds with the current Class D, as currently proposed in the EVA-EMP 3.0a protocol. However, such a proposal could only be justified after the standard has been checked and approved by CENELEC. 

Regarding the selection of Class D as reference, it has to be noted that the EVA-EMP energy classification is based on a somehow outdated dataset (pre-2005). A correlation of reference values used in the US with EVA-EMP energy classification
 shows that the US reference values would fall in EVA-EMP's Class B, not Class D. This calls for the need of an update of the reference datasets, or alternatively an adjustment of the reference classes used in EVA-EMP energy classification (e.g. meaning that energy class B would have to be rescaled to energy class D).
Your comments on proposal 2 for vending machines
	


6.2 Rationale for the segmentation of reference energy consumption proposals
Table 1. Rationale for the segmentation in reference energy consumption formulas.

	Segmentation
	Discussion
	Remarks
	JRC position
	Your comment

	Open vs. 
closed
	It is clear that currently open appliances consume much more energy than their closed counterparts. This is especially true for freezers.
	The reference energy consumption formula for freezers is based on data for closed, freezers.
	No segmentation will be made in the formulas for open vs. closed. This will intrinsically be a part of the parameters defining the formulas for freezers.
	

	Refrigerators vs. Freezers
	A clear difference for freezers versus refrigerators is observed from the data.
	Segmentation in reference formulas is proposed. It is judged not necessary to develop a mathematical function E=f(T) of energy consumption to the working temperature. Based on the data available, discrete differentiation in temperature classes is seen sufficient.
	Segmentation for refrigerators versus freezers is proposed.
	

	Horizontal vs. vertical
	It is clear from available data that more heat loss is expected from vertical than from horizontal appliances.
	
	Segmentation is proposed.
	

	Plug-in vs. remote
	No evidence found supporting differentiation between remote and plug-in appliances. The available data shows that differences between remote and plug-in appliances mainly result from the type of appliance, e.g. beverage cooler or small ice-cream freezer.
	Differentiating between display cabinets, beverage coolers and small ice-cream freezers will partly solve the differences that could exist for plug-in appliances versus remote appliances. 
	Based on the data currently available, no specific segmentation plug-in versus remote is proposed. 
	

	Per temperature class (L1, L2, M1, M2, etc., see ISO 23953)
	Appliances use more energy when the working temperature is lower. This is clear for frozen vs. chilled product appliances, but is also checked for the different ISO temperature classes within frozen/chilled product appliances (L1, L2, M1, M2, etc.).
	For vertical refrigerators and horizontal refrigerators, differences are observed. For freezers, the lack of consistent data hampers drawing conclusions.
	For chilled product display cabinets, a differentiation in working temperature is proposed. For frozen product display cabinets, with the data currently available no differentiation is proposed.
	

	Per cabinet classification VC1, VC2, HC1, HC2, etc.
	Following such detailed segmentation could lead to a complicated regulation. Moreover, there is a high risk that niche applications can fall out, because there is no data available for each of the small market categories (including plug-in/remote, different temperature classes, etc.).
	Segmentation would complicate legislation and appliances with small stocks and market niches could fall out.
	No segmentation is proposed.
	

	Beverage cooler
	Beverage coolers have a big share of the plug-in display cabinets. Technically they could be classified as vertical refrigerators. However, other shapes are possible and proven energy saving measures (e.g. presence detector) can be applied because of the non-perishable nature of canned/bottled beverages. Most available data is expressed in volume instead of TDA.
	The collected data sets for beverage coolers are not homogeneous with respect to the measurement protocol. Only some data points were measured by ISO 23953 and provide energy consumption in function of net volume as well as TDA. Most other data points were measured with protocols different from ISO 23953, even though conversion factors were estimated.
	Segmentation is proposed for beverage coolers to account for the large energy saving potential compared to refrigerated display cabinets.
	

	Ice-cream freezer
	A segmentation could be made with a cut-off limit for the net refrigerated volume, e.g. V = 400 litre. As such, small ice-cream freezers for merchandising will fall under this category. They can have transparent or closed/opaque lids/doors.
	Defining TEC in function of volume could be beneficial to include merchandisers with non-transparent doors. 
	Segmentation for small ice-cream freezers is proposed.
	

	Vending machines
	Vending machines are technically different from display cabinets, e.g. they include vending systems, and often have a modular structure with only some parts refrigerated.
	The measurement protocol is completely different from the ISO 23953 standard.
	Segmentation for vending machines is proposed.
	

	Solid/opaque door vs. transparent door
	No consistent data available
	Solid/opaque doors can be used for small ice-cream freezers and beverage coolers, where knowledge of the content is obtained via advertisement on the appliance. Certain vending machines, e.g. for beverage cans, usually use non-transparent doors.
	No segmentation opaque door versus transparent door is proposed for display cabinets, beverage coolers and ice-cream freezers. For vending machines, segmentation could be an option. 

	

	Saving energy device or not
	 Such a device can save a considerable amount of energy (30-40%) for beverage coolers. This could also be very relevant if used in vending machines.
	Not currently quantifiable following ISO 23953. Still unclear how to make its measurement and inclusion possible, in order to award the appliances equipped with such a device. 
	To be discussed. See possible options under Question 7 above.
	


6.3 Part of the data plots used for defining reference energy consumption formulas


[image: image2]
Figure 1. TEC in function of TDA for closed, vertical, freezers

[image: image3]
Figure 2. TEC in function of TDA for vertical freezers showing the different data points for L1, L2 and L3 temperature classes

Figure 2 indicates that there may be a difference in energy consumption for L1 vs L2 and L3 data points, but there are not sufficient L2 and L3 data points to verify this.


[image: image4]
Figure 3. TEC in function of TDA for closed, horizontal freezers, differentiating for plug-in and remote appliances

Figure 3 depicts the correlation (C2) of TEC to TDA for vertical freezers. In this case the upper value of 7.9 kWh/(day.m²) is proposed, as the plug-in appliances are probably all small ice-cream freezers, which have been segregated and treated in a separate formula. Not differentiating the two datasets would result in a C2 parameter of 7.5 kWh/(day.m²).


[image: image5]
Figure 4. TEC in function of TDA for vertical refrigerators differentiating for the different temperature working classes.
Figure 4 shows the data points for vertical refrigerators differentiating between the different temperature classes. This shows that a difference can be made for M1, M2 classes versus the H class. Note that M0 and M1 are classes defined by Eurovent Certification. M0 is not a temperature class defined in the ISO 23953 standard. For the parameter relating TEC to TDA for M1, M2 classes, the average is taken for M0,M1 and M2, i.e. 9.3 kWh/(day.m²).

[image: image6]
Figure 5. TEC in function of TDA for horizontal refrigerators differentiating for the different temperature working classes.

Figure 5 shows the TEC in function of TDA for horizontal refrigerators for the different working temperature classes. M1 and M2 classes are taken together again to be in line with the findings for vertical refrigerators. The average is 5.3 kWh/(day.m²). For temperature class H, a parameter of 
4.2 kWh/(day.m²) is defined.

[image: image7]
Figure 6. TEC in function of volume for beverage coolers showing the TopTen limit and the different JRC proposals.

Figure 6 shows the data for beverage coolers, TEC in function of volume, together with the TopTen limit and JRC proposals.


[image: image8]
Figure 7. TEC in function of volume for small ice-cream freezers together with the JRC reference proposals.
Figure 7 shows the available data points for small-ice-cream freezers together with the TopTen limit and the JRC proposals. JRC reference 1 is based on the TopTen limit, while JRC reference 2 goes through the origin and a point defined in the TopTen data as a reference for the current energy consumption of such an appliance.

� EMBED Equation.3  ���








� � HYPERLINK "http://www.meerp.eu/index.html" �Methodology for the Ecodesign of energy-related products, Project Report Final, VHK, 2011 � 


� � HYPERLINK "http://susproc.jrc.ec.europa.eu/comrefrig/docs/BIO_EuP_Lot_12_Final_Report.pdf" �http://susproc.jrc.ec.europa.eu/comrefrig/docs/BIO_EuP_Lot_12_Final_Report.pdf�


� Technical Evaluation of National and Regional Test Methods for Commercial Refrigeration Products; Mark Ellis and Associates, Tait Consulting, CLASP;August 2013;  � HYPERLINK "http://www.superefficient.org/Products/Commercial%20Refrigeration.aspx" �http://www.superefficient.org/Products/Commercial%20Refrigeration.aspx�





� � HYPERLINK "http://www.eurovent-certification.com/en/Certification_Programmes/Programme_Descriptions.php?rub=03&srub=01&ssrub=&lg=en" �http://www.eurovent-certification.com/en/Certification_Programmes/Programme_Descriptions.php?rub=03&srub=01&ssrub=&lg=en�


� � HYPERLINK "http://www.topten.eu/" �http://www.topten.eu/� 


� M-package temperatures as defined in ISO 23953


� � HYPERLINK "http://www.topten.eu/english/criteria/professional-display-refrigerators-crit.html&fromid" �http://www.topten.eu/english/criteria/professional-display-refrigerators-crit.html&fromid�= 


� The comparison of US values and EVA-EMP classification could be justified, as the EVA-EMP 3.0a measurement protocol and the protocol used in the USA (ASHRAE32.1:2010) are very close, see footnote � NOTEREF _Ref367377397 \h � \* MERGEFORMAT �3�.


� Based on USA's max tech values (Federal Register / Vol. 74, No. 102 / Friday, May 29, 2009 / Proposed Rules, 26020-26075) 


� The comparison of US values and EVA-EMP classification could be justified, as the EVA-EMP 3.0a measurement protocol and the protocol used in the USA (ASHRAE32.1:2010) are very close, see footnote � NOTEREF _Ref367377397 \h � \* MERGEFORMAT �3�.
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