Topten Product Criteria Paper on
[image: image1.png]



[image: image34.jpg]Co-funded by the Intelligent Energy Europe
Programme of the European Union




[image: image35.jpg]ADEME

Agence de I'Environnement
et de la Maitrise de |'Energie






The Project in brief
Topten is part of the international Euro-Topten Max initiative supported by the European programme Intelligent Energy Europe and several national institutions (energy agencies, WWF, consumer associations, research institutes). On global level, Topten is coordinated by TIG, the Topten International Group. This association promotes to the Topten Charter, TIG statutes and Rules of Procedure (www.topten.eu). 

Topten is a service that supports the market for energy efficient products. It aims at making energy efficient products the first choice for consumers and professional buyers, by offering them a user-friendly tool for product comparison and selection. The key element is an online information platform for consumers and professional buyers presenting the most energy efficient appliances currently available in various product categories, including household appliances, office equipment, consumer electronics, lighting and cars. Information on energy consumption and performance of products as well as several other characteristics (i.e. brand, model, prize) is provided. Product data is based on labels and standardized declarations as well as tests from professional testing institutions. The service is independent of manufacturers and retailers. 

Consortium

The project is co-ordinated by the Agence de l’Environnement et de la Maitrise de l’Energie (ADEME). The other 19 project partners are: 
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	Europe

	Euro-Topten, ICLEI
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	Austria

	Austrian Energy Agency (AEA), Vienna, www.topprodukte.at
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	Belgium

	Bond Beter Leefmilieu BBL, Brussels, www.topten.be
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	Croatia

	North-west Croatia Regional Energy Agency REGEA
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	Czech Republic

	The Energy Efficiency Center (SEVEn), Prague, www.uspornespotrebice.cz
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	Finland

	Motiva, Helsinki, www.topten-suomi.fi
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	France

	Guide topten, Paris, www.guidetopten.fr,
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	Germany

	Öko-Institut, www.ecotopten.de,  Wuppertal Institute
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	Greece

	WWF Greece, www.ecotopten.gr
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1 Introduction

Criteria papers provide a central tool for the Euro-Topten Max partners to collect and analyse product data and to establish a national Topten selection. Appropriate selection criteria and technical specifications are a crucial precondition for meaningful and well-accepted Topten websites. The purpose of this criteria paper is to provide a common basis for the definition of technical specifications. Obviously, the range of products differs significantly in European member States in terms of price level, configuration, energy classes and energy consumption corresponding to levels of purchasing power and behavioural aspects (mentality, customs, etc.).

Within the European wide Topten project, an aligned approach for technical specifications for all national Topten websites is aimed at. A high level of uniformity and congruency of the different national websites will enhance the awareness amongst manufacturers. Good quality product data at national level furthermore allows to analyse the situation at European level and to make policy recommendations, which are shown on www.topten.eu. 

This paper contains the product specification for Topten water heaters. A product should meet all criteria described in Chapter 4 in order to be listed on www.topten.eu as a Best Available Technology.
Warm water heaters which use also renewable energies, are favourable as a product group. This includes ambient heat as well as solar thermal energy. If this is not possible, gas-fired devices show better primary energy efficiency than electric ones, although regional differences in the production types of electric energy can change this relation.
In an ideal situation, criteria are based on international or European standards. In some cases widely accepted and strictly defined standards are missing – (e.g. for products in the consumer electronics segment). The information in this criteria paper is mainly based on the “Preparatory studies for Eco-design Requirements of EuPs – Eco-design of water heaters” and the corresponding implementing measure.

2 Product Definition 

This chapter provides an overview of water heaters. It also gives a technical analysis of the product and explains EU and national relevant product and test standards.

2.1 Product Category
The water heaters represented in this criteria paper are exclusively used for hot water generation (LOT2, ErP Directive 812/2013). The heating system is separately applied by either a central building or a local heating plant in the flat or room. Storages, which are only dedicated to water heaters, are another product category, which are also included in LOT 2.
Combined room and water heaters are not within this category, but together with room heaters (see LOT 1, ErP Directive 813/2013
).
In details the scope of LOT 2 is (relevant for this document):

1. This Regulation establishes ecodesign requirements for the placing on the market and/or putting into service of water heaters with a rated heat output ≤ 400 kW and hot water storage tanks with a storage volume ≤ 2 000 litres, including those integrated in packages of water heater and solar device as defined in Article 2 of Delegated Regulation (EU) No 812/2013.EN 6.9.2013 Official Journal of the European Union L 239/163

2. This Regulation shall not apply to:

(a) water heaters specifically designed for using gaseous or liquid fuels predominantly produced from biomass;

(b) water heaters using solid fuels;

(c) water heaters within the scope of Directive 2010/75/EU of the European Parliament and of the Council ( 1 );

(d) combination heaters as defined in Article 2 of Commission Regulation (EU) No 813/2013 ( 2 );

(e) water heaters which do not meet at least the load profile with the smallest reference energy, as specified in Annex III, Table 1;

(f) water heaters designed for making hot drinks and/or food only;

(g) heat generators designed for water heaters and water heater housings to be equipped with such heat generators placed on the market before 1 January 2018 to replace identical heat generators and identical water heater housings. The replacement product or its packaging shall clearly indicate the water heater for which it is intended.

The product group of warm water heaters is used wherever hot water for purposes of washing, drinking etc. is needed and no heat source from outside (e.g. via district heat) is available. It is used in the domestic sector as well as in offices etc. Hot water can either be prepared by hot water heaters or by district heat. Accordingly, a water heater is needed if there is a demand for hot water but no connection to district heat.
2.2 Product Types

The product group of water heaters can be divided into the following two categories:
· Conventional storage water heaters offer a ready reservoir (storage tank) of hot water.
· Tankless or demand-type water heaters heat water directly without the use of a storage tank.
When using a conventional storage water heater the heating unit is connected to a (internal and/or external) storage where always a certain amount of water with a certain temperature is stored. If the temperature falls remarkably below the set-point temperature (e.g. 50°C), the storage is reheated. The advantage is that the necessary power to reach comfort is a lot lower. Also by uncoupling generation time from usage time with hot water always stored in the tank, hot water can be provided immediately when n0eeded.
The other opportunity is a tankless or demand type water heater.  If hot water is needed it is heated instantaneously through high power consumption over a relatively short time. The advantage is that  there are no standing losses (storage losses).
                                                                                                                                                                                         




A further separation can be made based on different fuel types:
· Gas-fired: For storage water heaters and tankless demand type water heaters.

· Electrical: For storage water heaters and tankless demand type water heaters.
· Heat pump water heaters: Only with storage tanks. There are  stand-alone heat pump water heating systems as an integrated unit with a built-in water storage tank and it is also possible to retrofit a heat pump to work with an existing conventional storage water heater. More commonly used for combined room and water heating.
· Solar water heaters: Only with storage tanks. In principle also gas-fired and electrical storage water heaters can be combined with solar thermal energy.
2.2.1 Gas-fired water heaters

The ErP preparatory study LOT 2 considers gas-fired and electric water heaters to be the most frequently used types for water heaters. Natural gas is a fossil energy source and contributes a large amount of carbon dioxide and greenhouse gases. From the perspective of sustainable energy supply, the use of fossil fuels cannot be recommended. Unfortunately natural gas is still the most economical way for heating water and this is the main reason why gas fired systems are the most common ones. Figure 1 shows the basic setting of a gas-fired water heater.
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Figure 1 Gas-fired water heater with conventional storage tank (a gas burner at the bottom, with the chimney running up through the middle of the tank)

2.2.2 Electric water heaters

In electrical water heaters an electric resistance generates heat from electricity. In electric storage water heaters the heated water is stored in an integrated tank and used at another time. (Tapping and electric power do not correlate in time.) Electric instantaneous water heaters heat water when it is currently tapped. It flows through the device and is heated with higher power in comparison to electric storage water heaters. Figure 2 shows the basic setting of an electric water heater.
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Figure 2 Electric water heater with a conventional storage tank and two heating elements

Since electrical energy has a very high exergy it is common sense that it should be avoided to use it for supplying heating or hot water. High exergy means that electricity can be transformed in other energy forms with a very high efficiency (e.g. heat, mechanical power etc.) The efficiency of electric space heating for example is nearly 100% because all purchased energy is converted to building heat. However, if the power plant supplying electricity is included in the boundaries, the overall efficiency drops. Even with a 100% efficient electric heater, the amount of fuel needed for a given amount of heat is more than if the fuel was burned in a furnace or boiler at the building being heated.
Nevertheless in some cases there are no other options available or would lead to much higher costs. This especially applies to areas where the warm water demand is very low.

2.2.3 Heat pump water heaters

Heat pump and solar water heaters are usually more expensive but they typically have lower annual operating costs. 
Heat pumps are often used for room heating and domestic hot water production. Still there are devices which only produce hot water. In most cases room heating needs more energy than hot water production, so it does not make sense to optimize combination devices especially for hot water production. Therefore this paper only deals with heat pumps only producing hot water (which is also the scope of LOT 2).
Heat pump water heaters use electricity to move heat from one place to another and then and then heat the water to the desired temperature level. If a storage tank is used, a temperature of 65° C is required. By using existing heat, they can be two to three times more energy efficient than conventional electric resistance water heaters.

Primarily customers install geothermal heat pumps in their homes which draw heat from the ground during the winter and from the indoor air during the summer. 
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Figure 3 Heat Pump water heater, (air to water heat pump)

Existing heat pumps used for room heating and cooling can be upgraded for water heating. A desuperheater can be added to an existing geothermal heat pump system. A desuperheater is a small, auxiliary heat exchanger that uses superheated gases from the heat pump's compressor to heat water. This hot water then circulates through a pipe to the storage water heater tank. Desuperheaters are available for tankless or demand-type water heaters.
Although heat pump water heaters are a very efficient way to produce hot water, this is in many cases a not very practical opportunity.

If you consider that water heaters only produce hot water (no room heating) it is clear that the amount of energy used by such devices is far below typical heat pumps (also) for room heating purposes. This means that quite high installation costs meet low energy consumption. 
On the other hand, it does not make sense to propose heat pump water heaters to consumers living in a flat, because they do not have any possibility to install a heat pump.

To summarize this point, AEA assumes that water heaters based on heat pumps are not economically feasible, this is only an interesting opportunity for combined heating and warm water. Furthermore a big part of consumers are not able (because of technical and legal issues) to implement a heat pump (neither for room heating nor for hot water).
2.2.4 Solar water heaters
Solar water heating systems include storage tanks and solar collectors. There are two types of solar water heating systems: 
· Active Solar Water Heating Systems – whith circulating pumps and controls
· Passive solar water heating systems – without circulating pumps and controls

Active solar water heating systems can be further devided into:

· Direct circulation systems: Pumps circulate water through the collectors and into the home. 

· Indirect circulation systems: Pumps circulate a non-freezing, heat-transfer fluid through the collectors and a heat exchanger. This heats the water that then flows into the home. 
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Figure 4 Active solar water heating system with indirect circulation (heat exchanger in the storage tank)
 
2.2.5 Summary
The problem with comparing water heater technologies is that there are completely different energy sources (mainly gas, electricity). So a comparison methodology  between oil, gas, electricity etc. is necessary. Within ecodesign this problem is solved by a factor 2,5 which is applied to electricity consumption (e.g. in kWh); oil and gas have a factor 1. Assuming a primary energy factor of 1,15 to 1,2 for oil and gas, the PEF for electricity is thereby set to about 2,9 to 3. Nevertheless this value can be regionally very different so in a more local view this is not a very accurate methodology. Still, the european (also applies to many other regions of the world but not all) electricity grid can be seen as one big net where the national production profile is not representative, but only the european average. Assuming this view the value of 2,5 is a well-fitting value. According to the explained ecodesign methodology a heat pump water heater (with a high temperature heat source, i.e. geothermal heat; water is mostly better than soil, soil is better than outside air) with solar contribution is the most efficient way to produce hot water.

2.3 Legislations and Labels
2.3.1 International 

According to www.iso.org there are no international standards for water heaters except ISO 9808:1990: Solar water heaters -- Elastomeric materials for absorbers, connecting pipes and fittings -- Method of assessment
This standard specifies a means of assessing elastomeric materials for use in the manufacture of absorbers, connecting piping and fittings for use in solar water heaters.
It is to encourage the use of cheaper source of energy, the sun and to reduce on overdependence on hydropower which is in inadequate supply.
2.3.2 European
2.3.2.1 European Regulation
There ecodesign and the labelling directive for warm water heaters (LOT 2) were put into force on September 26, 2013. Nevertheless LOT 2 will show impact not before September 26, 2015.
After September 26, 2015 within the whole EU water heaters which do not meet all the criteria of ecodesign requirements of LOT 2, are not allowed to be sold anymore, but if they are already implemented at site they can be used as long as they work.

In the following there are some tables regarding the criteria for water heaters that have been proposed in May 2012 (last available documents in January 2013). The devices are divided into “Smart” devices and “non Smart” devices. A Smart water heater is able to learn the usage pattern and therefore it reduces the amount of hot water during periods where the device does not expect warm water usage. Without having yet performed studies on this issue, from a theoretical point of view it seems to depend very much on the usage pattern (whether this is the each day or not) if this technology can save energy or not. Hot water request at an unusual time can lead to misfunction, i.e. not enough water is available. To overcome this problem the commission has set a minimum hot water amount that has to be available all time, but of course this is a reduced amount and can therefore still lead to dissatisfaction among customers. Installers might install larger devices than necessary to overcome this problem. Nevertheless, in theory “Smart Control” is a good invention. It has to be shown that it also works in practice.
Also for instantaneous water heaters there is the opportunity to be “smart”: This is mainly a matter of the accuracy of power regulation according to the current use.

Note that because of the factor 2,5 for electricity an electrical water heater can reach an efficiency of max. 40%.
[image: image24.emf]he classification of water heaters in a certain load profile refers to a quite complex one-day tapping.
In households, devices from M to XL are typically used for showers, bathing etc., for washing hands etc. 3XS to XS will apply.

For load profiles 3XS to XL there is no third step. For the big group of electrical water heaters it can be said (according to the table above which does not necessarily represent the final status) that they will be phased out for large products (XXL and above). The XL threshold is at least possible for Smart devices and for very well insulated non Smart devices. As the difference to 40% represents the loss it can be easily derived from the table that for the very relevant classes M to XL a non smart device has to be insulated with around double quality (or thickness) to meet the requirements than a Smart device. As insulation is more expensive than an electronic module (“Smart control”) it can be predicted that most manufacturers will turn to implement Smart Control. This will lead to worse insulated tanks than technically possible. If this lack of insulation can be compensated by Smart Control in reality cannot be said yet.
2.3.2.2 European Labelling
There is also a Labelling Directive put into force by September 26, 2013. Starting from September 26, 2015 all water heaters sold in the EU have to be equipped with a label (see below). The classes are set according to the following scheme:
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Table 1 Water heating energy efficiency classes of water heaters, categorized by declaired load profiles, Labelling Directive LOT2
Energy efficiency above 100% can only be reached by a contribution of renewable energy (mostly ambient heat, typically accessed by heat pumps, and/or solar thermal energy).

For storages that do not heat water themselves, there is the following class scheme:
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Table 2 Energy efficiency classes of hot water storage tanks, Labelling Directive LOT2
According to manufacturers A and A+ can hardly or not be reached by the best available technology, in contrary to that the Ecodesign document states that the best available device is around the class border between A and A+. After September 25, 2017 the class G is dropped from the label since devices in  this efficiency category must not be sold anymore in the EU.
In principle there are 4 different labels for the different product groups:

· conventional (a), 
· solar (b), 
· heat pump (c) and 
· solar combination water heaters (d).

The label shows:

· the supplier´s name and trade mark (at the position of I and II)

· the maximum load profile (i.e. size class of the water heater; 3XS to XXL)

· energy efficiency class

· noise (YZ dB); for heat pumps inside and outside noise

· electricity consumption per year in kWh/a and GJ/a (for solar and heat pump water heaters for three different climates within the EU) based on a typical usage

For electrical and heat pump water heaters 
· the ability of using low-tariff electricity

For packages of water heaters:

· the efficiency of the stand-alone water heater

· indication whether a solar device and/or a storage tank is included

· efficiency class of the package
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2.4 Test Standards
Gas fired water heaters: EN 13203: 2006: gas fired domestic appliances producing hot water – appliances not exceeding 70 kW heat input and 300 litres water storage capacity.
Part 1: Assessment of performance of hot water deliveries

Part 2: Assessment of energy consumption

Efficiency of electric storage water heaters: prEN 50440

Electric storage water heaters, performance methods: EN-IEC 60379: 2004

Indirect cylinders: EN 12897: 2006; energetic assessment: prEN 15332: 2006

Sanitary hot water heat pumps: EN 255-3: 1997

gas-fired storage water heaters: EN 89: 1999

gas-fired instantaneous water heaters: EN 26: 1998

electrical instantaneous water heaters, performance: EN 50193: 1997

thermal solar systems, general requirements: EN 12976: 2001

Part 1: general requirements

Part 2: test methods

solar heating: domestic water heating systems: ISO 9459-3

3 Impact and Market Analysis
In 2005 water heaters, including the water heating function of gas- and oil-fired central heating boilers, consumed 3790 PJ primary energy (ca.86 mtoe) and emitted 6% of all fuel related CO2 in the EU-25.

For most environmental impact categories (Global Warming, Acidification, etc.) 80-99% of impacts are emitted during the use phase of the products and are mostly directly linked to energy efficiency.

The lifetime of device such as heaters is normally expected to be 15 years. Still, there are device that have a much longer lifetime. External storages can be expected to last for 30 to 40 years.

3.1 Market and Stock data

[image: image31]
Source: preparatory study
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3.2 Manufacturers and Distributors
The members of the EHI (Association of the European Heating Industry) come from the following companies, which seem to be some of the most important manufacturers: 
	Manufacturer
	Website

	Bosch
	http://www.bosch.com

	Riello
	http://www.riello.com/

	Ferroli
	http://www.ferroli.it/index.alk?FRC=1

	Viessmann
	http://www.viessmann.com/com/en.html

	Vaillant
	http://www.vaillant.com/

	Enertech
	http://www.enertech-group.com/

	Ariston
	http://www.ariston.com/ww/

	Honeywell
	http://honeywell.com/Pages/Home.aspx

	Immergas
	http://eng.immergas.com/index.htm

	Zehnder
	http://www.zehndergroup.com/

	Siemens
	http://www.siemens-home.com

	De Dietrich
	http://www.dedietrich-heating.com/

	Caradon Ideal
	http://idealheating.com/

	Weishaupt
	http://www.weishaupt.de/en


The devices are typically distributed by the installers.

4 Selection Criteria
4.1 Energy Efficiency Criteria

According to the ecodesign regulation, we propose to use the criteria of point b) which should become mandatory after four years the regulation has entered into force as criteria for Topten. Because of the factor 2,5 for electricity (see 2.2.5) only a small number of electrical water heaters can meet these values. Gas fired water heaters can reach these requirements easier therefore an additional criterion for this category should be the use of condensing boiler technology.
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On one side, the European Commission has decided only to establish one scale of minimum requirements and label classes, which would emphasize one single scale to be proposed here.

On the other side there is a big difference in the applicable technologies depending on where a consumer lives:
4.2 Product categories

In principle, there are three relevant product groups: 
· electrical water heaters, 
· gas fired water heaters 

· heat pumps, 
all with or without solar contribution (except instantaneous).

Electrical devices are applicable wherever electrical energy is available. This may apply to more than 99% of the European population.
Gas fired devices are applicable wherever there is access to natural gas. Normally gas is delivered by pipes but if there is no gas grid there is the opportunity to use liquid gas, but this only applies to customers that have enough space for a tank, typically single family houses.

The most efficient technology, at least following the methodology in the Ecodesign Directive, are heat pumps. 

A solar thermal plant is normally not a system on its own (because you would have to dimension the plant much larger or implement very large tanks for the whole winter period which is not economically feasible under normal circumstances), but only contributing to an electrical or gas storage system or to a heat pump. Solar plants can normally be applied on single family houses (except if there is a lack of sunshine).
Therefore the proposed product categories are:

· water heater with heat pump and/or solar thermal energy
· If heat pump and/or solar thermal water heaters are not available in your country we propose gas fired water heaters (preferably condensing types).
and for small amounts 
· electric water heaters.
It is important to harmonise the volume of the storage with the needed amount of the consumers. Nevertheless in relation of efficiency we propose to include only products with a minimum storage volume of 80 liters for heat pump and/or solar thermal systems and gas fired systems. As an example the following categorisation for storage tanks is proposed:

	Product categories

	Heat pump water heaters
	80-120l
	> 120l

	Solar thermal water heaters
	80-120l
	> 120l

	Gas fired water heaters
	80-120l
	> 120l

	Electric water heaters
	5-30l
	30-80l

	Instantaneous electric water heaters
	5-20kW
	> 20kW

	Instantaneous gas fired water heaters
	5-20kW
	> 20kW


Therefore the recommended selection criteria are:
· Water heating energy efficiency

· For storage water heaters: Standby loss (Table 2)
We recommend the following minimum values:
	Product categories
	Energy efficiency (Table 1)
	Standby loss (Table 2)

	Heat pump water heaters
	Class A+
	Class C

	Solar thermal water heaters
	Class A+
	Class C 

	Gas fired water heaters
	Class A
	Class C 

	Electric water heaters
	Class C
	Class C

	Instantaneous electric water heaters
	Class C
	-

	Instantaneous gas fired water heaters
	Class A
	-


As additional information we propose:
· Volume (l)

· weight (kg)
· power input (kW)
· temperature adjustable (°C)

· external dimension (height x width x depth)
5 Additional Considerations

Current discussions about water heaters in the frame of the Ecodesign Directive (Requirements + Labelling) recently mainly deal with the comparability of gas/oil and electricity consumption (at the moment by introducing a factor of 2.5 for electricity), the implementation of a “Smart Control” bonus for devices that shall be able to predict the user behaviour and the class borders as well as the design (what is shown and in which way) of the labels.
Again it shall be pointed out that all numbers, information and tables refer to a preliminary status of the Ecodesign directive. Changes until the final version are possible in each direction and especially in details very likely to appear!

Consumer behaviour affects water heaters in two points:
1.) For the “Smart Control” technology (description see 2.5.2) the user behaviour is crucial for the function of this additional feature. If the tapping is quite well predictable, smart control works well (at least this is the theory). Smart control applies to all technologies with storage.
2.) The hot water temperature can be set by the customer. Typically, hot water with more than 50°C is not needed (60°C for legionellae for a few minutes per day), nevertheless the consumer can adjust the temperature to a much higher level. This increases the standing losses.
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�:This Regulation establishes requirements for the energy labelling of, and the provision of supplementary product information on, space heaters and combination heaters with a rated heat output ≤ 70 kW, packages of space heater ≤ 70 kW, temperature control and solar device and packages of combination heater ≤ 70 kW, temperature control and solar device.


� Source: www.howstuffworks.com, accessed on 03.04.2013, http://home.howstuffworks.com/water-heater.htm


� Source: � HYPERLINK "http://www.howstuffworks.com" �www.howstuffworks.com�, accessed on 03.04.2013, http://home.howstuffworks.com/water-heater.htm


� Source: � HYPERLINK "http://www.energy.gov" �www.energy.gov�, accessed on 03.04.2013, http://energy.gov/energysaver/articles/heat-pump-water-heaters


� Source: � HYPERLINK "http://www.energy.gov" �www.energy.gov�, accessed on 03.04.2013, http://energy.gov/energysaver/articles/solar-water-heaters
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