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Summary 
Background of the study 
This report summarises the results of a study on the energy efficiency of Domestic 
Electric Storage Water Heaters (DESWHs) in the European Union (EU). The study is 
supported by the SAVE programme. It continues the EU initiative to explore the potentials 
and development of implementation strategies to increase the energy efficiency of 
electric appliances in the domestic sector, and  complements analyses on the energy 
efficiency of cold appliances (refrigerators and freezers), wet appliances (washing 
machines, dishwashers and dryers) and brown goods (televisions and video recorders). 



The results, conclusions and recommendations presented are based on five technical 
reports. 
Electric water heating in Europe 
The total EU electricity consumption by DESWHs in 1997 was 87 TWh. Standing losses 
accounted for 22% or 19 TWh of this total, about the total electricity consumption of 
Ireland. DESWHs account for 15% of household electricity consumption and are thus the 
second most important group of domestic appliances. 
About 30% (43.5 million) of the EU's 142 million households use electric water heating 
systems. The percentage of households in each country using electricity to heat water is 
more than 40% in Luxemburg, Austria, France and Germany, between 30 and 40% in 
Italy, Belgium and Finland, just over 20% in the UK, between 10 and 20% in Portugal, 
Sweden, the Netherlands, Ireland, Denmark and Spain, and less than 10% in Greece. 
Measuring energy efficiency of DESWHs 
The best single parameter to describe the energy efficiency of a DESWH is a 
quantification of its standing losses. The IEC 379/HD500 S1 standard defines the most 
appropriate reference method for the measurement of standing losses. It is already used 
in all European countries to define and describe 24-hour standing losses and to impose a 
measurement protocol. 
Based on the data supplied by CECED for 1995, which covers about 80% of the 
European DESWH market, the average (standard) standing losses have been calculated 
and are used to define the 'base case' for the following technical/economical analyses. 
The base case for standing losses (LSt,BC) is the approximated mean of weighted (with 
the number of models)/unweighted averages and can be described as shown in the 
following table. 
Average DESWH standing losses ('base case') as a function of rated capacity (V) 

Type of DESWH Capacity 
(litres) Base case for standing losses 

(LSt,BC)  
Vertical > 50–1000 0.2 + 0.051 ∗ V2/3  
Horizontal > 50–300 0.75 + 0.008 ∗ V  
Small 5–50 0.13 + 0.0553 ∗ V2/3  

 
In order to identify the relevant parameters influencing standing losses, a sensitivity 
analysis was conducted. It clearly shows that the main influence on standing losses 
results from the ratio of insulation thickness at the side to thermal conductivity. Using the 
thermal conductivity of PU foam (0.035 W/m K) and using average values for all physical 
parameters of DESWHs, an insulation thickness of 4–5 cm for 'base case DESWH 
models' has been found. 
Optimal insulation thickness 
Life-cycle cost analysis considers the total costs for hot water supply during the life-span 
of a DESWH. In this study life-cycle costs were calculated as the sum of the cost for the 
insulation of a DESWH and its discounted real standing losses costs during the lifetime 
of the DESWH. All price components related to thicker insulation were included in a 
specific insulation price of 0.6 ECU/litre. 
Three configurations for hot water supply situations – based on a 3-person household – 
were chosen for the economic (life-cycle cost (LCC)) analyses. It shows an optimal 
insulation (related to the lowest life-cycle costs) between 5 cm and 11cm, depending on 
the electricity tariffs in the different EU member states. For the 'EU case' (average of 
electricity tariffs) the optimal insulation thickness is between 6.4 and 9.3 cm. Compared 



to real storage losses, it can be shown that increasing insulation thickness decreases 
not only standing losses but also life-cycle costs. 
The main factors influencing the level of optimal insulation are the additional insulation 
costs and the price of electricity. The discount rate, ambient temperature and usage 
conditions are of minor importance. 
The technical/economic analysis indicates that the country-specific optimal insulation 
thicknesses vary widely but are greater than the insulation thickness of the base case 
within each EU member state. On the other hand there are a series of DESWH models 
with poorer performance in comparison with the base case. Therefore an energy policy 
mix based on two main strategies seems the most appropriate approach: setting a 
minimum energy efficiency standard and introducing a labelling scheme. 
Minimum energy efficiency standard and its effects 
For the determination of a minimum energy efficiency standard, the effects of variations 
in real life conditions (e.g.usage profile, lifetime of the appliances, additional costs of 
insulation, country-specific electricity tariffs) on optimal insulation thickness have to be 
taken into account. For this reason the base case Lst,BC was selected to define the 
minimum energy efficiency standard. Choosing this moderate performance level limits 
the price increase of improved DESWHs, avoids negative effects on manufacturers, and 
at the same time guarantees benefits for consumers. 
The proposed minimum energy efficiency standard can be expected to have the effects: 
Societal effect of the proposed minimum efficiency standard 
 Year  
Data not accumulated 2000 2005 2010  
Consumers 
Savings (million ECU) 54 173 259  
Manufacturers 
Return on equity (change in %) -0.4 0.0 0.0  
Environment/society 
CO2 reduction (Mt CO2) 0.22 0.73 1.10  
Environment/society 
Reduction of electricity consumption (GWh) 452 1 445 2 158  

 
Labelling 
Of the proposed information activities, labelling of DESWHs is the most important 
measure. Labelling provides a language for all stakeholders. Consumers suffer from a 
large information deficit. Even if persons (e.g. plumber) other than the user choose the 
DESWH, the label will provide them with information that is not currently available. In 
accord with the existing EU-labelling schemes, classes A to G are proposed. 
Other measures 
Additional information activities should be carried out to promote the label and give advice 
on the economic benefits to potential buyers, plumbers and traders of buying a more 
efficient DESWH, especially to encourage households – if they make their purchase 
decision – to address the responsibility of third parties (e.g. installers) on operating costs. 
Furthermore 'good practice' in DESWH selection (e.g. capacity, type, tariff), installation 
(e.g. location, dimensions, placing and insulation of pipes) and usage (e.g. water-saving 
devices, time controllers) to self-installers and plumbers should be demonstrated. R&D 
activities are required to attain further improvements in the performance of DESWHs. 
Those include better insulation materials, intelligent control systems and armatures for 
avoiding/reducing heat bridges. 



I.Introduction 
This report summarises the results of a study on the energy efficiency of Domestic 
Electric Storage Water Heaters (DESWHs) in the European Union (EU). The study 
is supported by the SAVE programme. It continues the EU initiative to explore the 
potentials and development of implementation strategies to increase the energy 
efficiency of electric appliances in the domestic sector, and  complements analyses 
on the energy efficiency of cold appliances (refrigerators and freezers), wet 
appliances (washing machines, dishwashers and dryers) and brown goods 
(televisions and video recorders). 
The study was contracted in December 1995 between the European Commission 
and EVA, the Austrian Energy Agency, which subcontracted the study group 
members ADEME (France) with its consultants Ecole des Mines/EMP, INESTENE 
and PW Consulting, CCE (Portugal), ECU (UK), ENEA (Italy), IDAE (Spain), 
Technical University of Graz (Austria), Wuppertal Institute (Germany), and the 
manufacturers' association CECED. An interim report was prepared in August 
1996. 
The results, conclusions and recommendations presented here are based on five 
technical reports covering the following tasks (the responsible subcontractor is 
given in brackets). 
1. Legal and technical framework, definition of terminology and data collection 

(ADEME). 
2. Statistical analysis and validation (ADEME). 
3. Engineering analysis of energy efficiency improvements of DESWHs (Technical 

University of Graz). 
4. Investigation of energy efficiency policy options and definition of scenarios 

(ECU). 
5. Impact analysis (ENEA). 
 

I.Electric water heating in Europe: An 
overview 

A.Relevance of electric water heating for households 
The total EU electricity consumption by DESWHs in 1997 was 87 TWh. Standing 
losses accounted for 22% or 19 TWh of this total, about the total electricity 
consumption of Ireland. DESWHs account for 15% of household electricity 
consumption and are thus the second most important group of domestic 
appliances. 
About 30% (43.5 million) of the EU's 142 million households use electric water 
heating systems. The percentage of households in each country using electricity to 
heat water is shown in Table 1 and amounts to: 
• more than 40% in Luxemburg, Germany, Austria and France 
• between 30 and 40% in Italy, Belgium and Finland 
• just over 20% in the UK 



• between 10 and 20% in Portugal, Sweden, the Netherlands, Ireland, Denmark 
and Spain 

• less than 10% in Greece. 
 
 
Table 1: Penetration of electric water heating in European households 
Country Total no. of households (thousands) No. of households using 

DE(S)WHs 
[thousands (%)]  
Luxemburg 100  45 (45.0)  
Germany 34600  15200 (43.9)  
Austria 2960  1290 (43.6)  
France 21000  8800 (41.9)  
Finland 1700  650 (38.2)  
Belgium 3900  1287 (33.0)  
Italy 25021  8257 (33.0)  
UK 22600  4755 (21.0)  
Portugal 2710  515 (19.0)  
Sweden 2800  530 (18.9)  
Spain 11300  1900 (16.8)  
Netherlands 6000  1000 (16.7)  
Ireland 1070  170 (15.9)  
Denmark 2420  320 (13.2)  
Greece 3100  160 (5.2)  
    
EU total 141281  44879 (31.8)  
 
 
When speaking about domestic electric water heating systems a distinction should 
be made between: 
• pure electric systems, e.g.: 

• storage heaters (DESWHs) 
• instantaneous heaters 
• heat pumps 
 
 

• mixed energy systems using electricity – in parallel or alternating – with 
other energy sources, e.g.: 

• combination boilers ('combis') also supplying the space-heating system 
• solar collectors 

and 
• 'multi point' versus 'single-point', that means 

• hot water production for the household from one central heating source or 
• point of use water heating with several independent systems. 



 
Mains-pressure storage systems are the most common type of electric water 
heating systems in European households. However, there is considerable national 
variation, as follows. 
The main exception is Germany, which has 7.2 million households with 
instantaneous systems and only 4million households that use electric storage water 
heaters as their main hot water source. Germany is also an exception in that while 
households in other EU member states have just one electric water heater 
(centralised system), in the typical German household with electric water heating a 
few smaller units are installed (decentralised system). Only 4 million of the 
15.2million German DESWHs are principal units. Another 11.2 million small 
DESWHs are used as secondary water heating sources. Altogether there is a high 
share of electric water heaters in Germany. 
For former Eastern Germany it is thought that about 90% of those on district heating 
also derive their hot water from district heating systems. Most of the rest, who are on 
the gas network, use instantaneous gas water heaters. Elsewhere, electric water 
heaters are widely used, including instantaneous single point up to 6 kW and 
storage models (both single-point and 80 litre multi-points). It is thought that the use 
of single-point configurations will increase. 
There has traditionally been a high share of electric water heating in France, 
complementing the high incidence of electric resistance space heating. However, 
the trend is towards 'combis' and indirect water heating, although many dwellings 
combine wet system central heating with electric water heating. 
The UK has a unique pattern of plumbing. Until 1989, water by-laws forbade the 
storage of more than 15 litres of hot water under direct mains pressure. The basis of 
water heating in the UK is the single-walled open-vented copper cylinder. These are 
mostly indirectly heated by the central heating boiler (usually supplemented by an 
electric immersion heater for use when the boiler is not running), but copper 
cylinders are also used in conjunction with off-peak electricity. With the change in 
the by-laws, unvented versions are now appearing, as are other hybrid versions. 
Copper cylinders have lost ground to combis, and instantaneous gas water heaters 
are vanishing. 
Italy has been very much an electric water heater market, but is moving increasingly 
towards combis and cylinders heated indirectly by the central heating boiler. The 
number of families with water heating linked to central heating rose from 6.2 million 
in 1989 to 9.8 million in 1995. 
Water heating in Spain is based first and foremost on gas water heaters using 
LPG, but there is also a significant use of electric water heaters. Combi boilers are 
gaining share both in new buildings and existing dwellings that are being connected 
to the natural gas network. 
In Portugal, the number of households with hot water is increasing very fast: in 
1988, 38% of households had no hot water, but in 1994 this had dropped to only 
14%. Instantaneous gas water heaters are most commonly used, but DESWHs are 
common in the north of Portugal, especially in Oporto, where cheap electricity was 
available until some years ago. The new natural gas network will encourage the 



change from electric water heaters to gas appliances, mostly by way of financial 
incentives and advertising campaigns. 
In both Belgium and the Netherlands, instantaneous gas water heaters have 
traditionally been used. In the Netherlands, combis have gained a large share of the 
stock, but have proved less popular in Belgium. Dwellings connected to the gas 
network have tended to stay with dedicated gas water heaters, while those without 
gas have opted either for electric water heaters or for indirect heating (which in 
Belgium is associated far more with oil-fired boilers than with gas boilers). 
Finally, electric water heating is the norm in Austria, with gas being confined mainly 
to Vienna. 
The total number of installed DESWHs in the EU in 1992 was 45.2 million. Four 
countries – Germany with 15.2 million (33.6%), Italy with 9.5 million (21.1%), France 
with 8.8 million (19.5%) and the UK with 4.8 million (10.5%) – account for 85% of the 
total stock (see Figure 1). 
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Figure 1: Distribution of DESWH stock among European Union member 

states 
 
 

A.DESWH capacity and electricity consumption  
There is a wide variation between European countries in the distribution of the water 
storage capacity of the DESWH stock (see Table 2). For example, whereas 73% of 
Germany's DESWHs have a capacity below 15 litres (since households use several 
small units), in France 65% of DESWHs have a capacity greater than 150 litres 
(partly as a result of promotion campaigns). 
 



Table 2: Distribution of DESWHs according to capacity 
Country Distribution of DESWHs by capacity (%)  

 <15 litres 16–50 litres 51–149 litres >150 litres  

Austria 45 19 18 18  

France 5 10 20 65  

Germany 73 11 11 5  

Italy 24 20 49 7  

Netherlands 38 18 42 2  

Portugal   100   

Spain  20 55 25  

UK   50 50  

 
Analysis of the average consumption of DESWHs in four countries yielded the 
results shown in Table 3. 
 
Table 3: Average consumption of DESWHs in Austria, France, Germany 

and Portugal 
Country Storage capacity 

(litres) Consumption 
(kWh/year)  
Austria (1990)  <15  1017  
 >15  2183  
France (1995) Mean  2402  
Germany (1991) <15  968  
 15–200  1968  
 >200  2416  
Portugal (1991) 15–20  3112  
 >200  3071  
 
The data in Table 3 confirm the importance of electric hot water production, which 
accounts for 14–19% of the total electricity consumption by households in Austria, 
France, Germany and Portugal. 
 

A.Sales trends for hot water producing appliances 
Aggregated sales trends (excluding the smaller electric water heaters) are shown in 
Figure 2. Details of estimated sales by capacity in 1995 are given in Appendix 8.3 
(the pattern of sales shows quite different characteristics between countries). Some 
general European trends are masked by particular circumstances in individual 
countries: 
• the decline in sales of instantaneous gas water heaters in most countries was 

temporarily hidden by the rapid increase in demand from the former Eastern 
Germany, where sales peaked in 1992 before falling dramatically from the end of 
1993 onwards 



• the underlying growth in sales of indirect cylinders (which are usually heated by a 
primary hot water circuit from the boiler) is masked by the decline in the large 
copper cylinder market in the UK (which includes some types other than indirect 
cylinders) and the peaking of the German market following the exceptional 
demand in 1991. 

Sales of DESWHs are declining slightly with time. This is because the DESWH 
market is increasingly becoming a 'replacement business'. Since the average 
lifetime of small-capacity DESWHs is less than that of larger DESWH units, 
relatively more small-capacity DESWHs are sold. 
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Figure 2: Sales trends for principal water heating products from 1987 to 

2000 for 10 European countries 
 
Manufacturers sell the same water heaters under different trade marks. It seems that 
the number of heaters sold per trade mark is a quasi-constant. The supply structure 
of DESWHs varies significantly between countries. One manufacturer dominates in 
Austria with a market share of 52%, while the Portuguese market is characterised 
by many small producers who manufacture small quantities by manual production 
processes. All in all, the European picture shows an oligopolistic market structure. 
Italy, Germany and France are the main manufacturing and exporting countries. 
The number of imports increased slightly from 1990 to 1994, mainly in Germany 
(from Italy). Imports from non-EU countries come mainly from Slovenia, Croatia, 
Switzerland and the USA; however, their share of total EU imports is low (being 
important only for local markets in neighbouring countries, such as Slovenian 
DESWHs in Austria). In 1994, only 7% of total DESWH imports to EU countries 
(960000 units) were delivered by non-EU countries. 
As a result of a significant expansion of shipments to non-EU countries – mainly the 
Arab region – exports of DESWHs had a stronger growth than imports. 



I.Technical Framework of the Study 
A.Users' hot water needs 
The total consumption of hot water depends on the size of the house, the number of 
inhabitants, their habits and standard of living, and the type and number of end-use 
appliances and climatic conditions (see Table 4). 
As a consequence of the diversity of habits and end-use appliances, it would be too 
complicated to consider each type of hot water use. The needs of the user can be 
expressed by certain quantities, MWI, of warm water at temperature TWI 
appropriate to use (e.g. 35–40 °C for showering or bathing; up to 60 °C for 
cleaning). The definition of needs expressed in terms of MWI and TWI is 
independent of the cold water temperature TC. However, the energy content Qn of 
the required hot water (energy needs) depends on the cold water temperature. 
Further, in the case of mixing, the cold water temperature determines the amount of 
warm water that can be gained from a given amount Mhot of hot water. 
The average European consumes 36 litres of hot water each day (standardised to a 
temperature of 60 °C, starting from cold water at 10 °C). 
While the consumption of hot water can be expected to increase with a higher 
standard of living, the decreasing number of persons per household may also have 
an impact. 
 
Table 4: Volume of hot water required per person per day in Europe, and 

corresponding energy consumption 
 Volume of hot water required 

(litres/day per person) 
(Th = 60 °C) Hot water energy needs 

(kWh/day per person)  
Minimum 10–20 0.6–1.2  
Mean 20–40 1.2–2.4  
Maximum 40–80 2.4–4.8  
 

A.Test standards 
Electric water heater test standards are issued by: 
• the IEC (International Electrotechnical Commission), which is the relevant 

international standards authority 
• CENELEC (Comité Européen de Normalisation Electrotechnique), the 

European standards organisation. 
The relevant IEC energy measurement standard is IEC379 (3rdedition1987, 
replacing the 2ndedition of 1982), 'Methods for measuring the performance of 
electric storage water heaters for household purposes'. 
This standard is covered at the European level in the CENELEC standard 
HD500S1(1987), 'Methods to be used for measuring energy consumption of 
thermal storage water heaters and for the purpose of informing consumers on it'. 



There are no significant differences between these two standards (for a more 
detailed description, see Appendix 8.2). 

A.Database 
For the detailed analysis of the DESWH market, three main sources of information 
were used. 
1.The CECED database, which comprises more than 2700 models of water 

heaters and represents about 80% of models available on the market. It is 
important to note that the CECED database includes only the number of models, 
and no sales data. As a member of the study group, CECED made the 
database available to the working groups. 

2.Results of a questionnaire established by Ecole des Mines and prepared by the 
study group members. This questionnaire provides quantitative and qualitative 
data and can be used as a complementary source (for countries not covered by 
the CECED database, i.e. Austria, Ireland, Germany, Portugal and the UK) as 
well as a source of further information (e.g. electricity tariffs, prices of DESWHs, 
plumbers' wages) necessary for engineering and impact analyses. 

3.Catalogue data regarding the dimensions of DESWHs on the Austrian/German 
market. 

The structure of the CECED database is as follows: 
• source (manufacturing) country of the DESWH 
• countries in which the DESWHs are distributed 
• brand (up to 4 different brand names) 
• commercial reference 
• capacity (in litres) 
• rated capacity (in litres) 
• mixed water quantity (in litres) 
• standing losses per 24 h (in kWh). 
In the CECED database, storage water heaters are assigned to seven groups: 
• horizontal (575; 21.0%) 
• mixed horizontal (72; 2.6%) 
• mural vertical (926; 33.8%) 
• pedestal vertical (328; 12.0%) 
• mixed pedestal vertical (155; 5.7%) 
• mixed vertical (203; 7.4%) 
• small capacity, 5–50 litre (482; 17.6%). 
Mural vertical, horizontal and small-capacity DESWHs account for nearly three-
quarters of existing models (see Figure 3). Figure 4 shows the basic technical 
designs of these three most important types of DESWHs (together with a simplified 
drawing of pedestal vertical DESWHs). 
A more detailed analysis of the CECED database was carried out to define 
DESWH categories, groups of water heaters that can be considered homogeneous 
with respect to their technical characteristics and therefore comparable regarding 
their standing losses/energy efficiency. This led to the following conclusions: 
i)vertical DESWHs are more efficient than horizontal ones (water stratification is 

better for vertical units) 



ii)high-capacity DESWHs are more efficient than small ones 
iii)mixed horizontal DESWHs consume more electricity than horizontal ones and 

mural vertical DESWHs consume less than other types of vertical DESWH; 
however, these differences are negligible 

iv)there is no significant difference in the performance of mural and pedestal 
DESWHs, although it can be expected that the way of fixing a boiler has an 
influence on losses as a result of thermal bridges 

v)according to the database analysis there is no difference in energy efficiency 
between mixed DESWHs and other DESWHs. 

On the basis of these conclusions, the seven DESWH groups in the CECED 
database can be assigned to the following three categories: 
• small DESWHs, with a capacity of 5–50 litres (representing 20% of all models) 
• horizontal DESWHs, with a capacity of more than 50 litres (22% of all models) 
• vertical DESWHs, with a capacity of more than 50 litres (58% of all models). 
Within these categories a distinction is made according to DESWH capacity. 
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Figure 3: Distribution of types of DESWH comprising the CECED data 
base 
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Figure 4: Basic design of mural vertical, pedestal vertical, horizontal and 

small-capacity DESWHs 
 
 

I.Options for DESWH energy efficiency 
improvements 

A.Definition of the base case 
The best single parameter to describe the energy efficiency of a DESWH is a 
quantification of its standing losses. The IEC 379/HD500 S1 standard defines the 
most appropriate reference method for the measurement of standing losses. It is 
already used in all European countries to define and describe 24-hour standing 
losses and to impose a measurement protocol. 



Based on the data supplied by CECED for 1995, which covers about 80% of the 
European DESWH market, the average (standard) standing losses have been 
calculated and are used to define the 'base case' for the following 
technical/economical analyses. The base case for standing losses (LSt,BC) is the 
approximated mean of weighted/unweighted averages and can be described as 
shown in Table 5 (V=rated capacity of the DESWH in litres). 
Table 5: Average DESWH standing losses as a function of rated capacity 

Type of DESWH Capacity 
(litres) Base case for standing losses 

(LSt,BC)  
Vertical > 50–1000 0.2 + 0.051 ∗ V2/3  
Horizontal > 50–300 0.75 + 0.008 ∗ V  
Small 5–50 0.13 + 0.0553 ∗ V2/3  
 
The base case standing losses for vertical, horizontal and small-capacity DESWHs 
are shown in Figures 5, 6 and 7. 
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Figure 5: Base case standing losses for vertical DESWHs (50–1000 litres) 
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Figure 6: Base case standing losses for horizontal DESWHs (50–300 
litres) 
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Figure 7: Base case standing losses for small DESWHs (5–50 litres) 

A.Energy-saving potential 
Analyses show a large range of standing losses for the same rated capacity and 
type of DESWH on the market. The ratio of maximum to minimum standing losses 
is between 1.9 and 7.1 for small-capacity DESWHs (5–50 litres), between 1.06 and 
3.15 for vertical DESWHs (>50 litres) and between 1.06 and 2.3 for horizontal ones 
(>50litres). These indicate that there is a high energy-saving potential using existing 
DESWH technology. 
Under the assumption that all models with higher standing losses than the base 
case are improved until they equal the base case standing losses (Potential 1), the 
energy-saving potential for small DESWHs is up to 55%, for vertical DESWHs up to 
25% and for horizontal DESWHs up to 37%. 
If all models were upgraded to the standing losses of the best available models on 
the market (Potential 2), the energy-saving potential is up to 88% for small 
DESWHs, up to 59% for vertical DESWHs and up to 47% for horizontal DESWHs. 
Figures 8–10 present a more detailed picture of the energy-saving potentials 
against rated capacity. 
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Figure 8: Energy-savings potentials (% of base case) for vertical DESWHs 
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Figure 9: Energy-savings potentials (% of base case) for horizontal 
DESWHs 
 



SMALL DESWH
Potentials of the Market Model Stock [% of BC]

0

10

20

30

40

50

60

70

80

90

5 10 15 30 50

Volume [litres]

P
o

ss
ib

le
 S

ta
n

d
in

g
 L

o
ss

R
ed

u
ct

io
n

  
[%

]

Potential 1    all to BC
Potential 2    all to BEST

 
Figure 10: Energy-savings potentials (% of base case) for small DESWHs 

A.Insulation thickness: the most important parameter 
influencing standing losses 

In order to identify the relevant parameters influencing standing losses, a sensitivity 
analysis was conducted. For this reason a mathematical simulation model was 
developed that describes the standing losses of DESWHs with a series of physical 
parameters: 
 
H:R the boiler's height:radius ratio 
s, st insulation thickness of the boiler: on the side and top, respectively 
λ thermal conductivity of the insulation material 
s:λ ratio of insulation thickness at the side to thermal conductivity 
st:s ratio of insulation thickness on top and at the sides 
Pfix fixed losses due to heat bridges (connections, flanges, etc.). 
 
The variation in the magnitude of these parameters (see Figure 11) likely to be 
found on the market shows that the main contributor is s:λ. No other parameter – 
single or combined – can explain the large differences in standing losses. 
Using the thermal conductivity of PU foam (0.035 W/m K) and using average values 
for all parameters, the simulation model gives an insulation thickness of 4–5 cm for 
the base-case standing losses. To verify the results of the simulation model, the 
results were compared with experimental values for 100- and 200-litre DESWH 
prototypes measured according to IEC 379. This showed good agreement between 
measured and simulated results for a realistic range of insulation thicknesses. 
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Figure 11: Influence of DESWH design parameters on standing losses 
 

A.Life-cycle cost analysis for improved insulation 
Life-cycle cost analysis considers the total costs for hot water supply during the life-
span of a DESWH. In this study life-cycle costs were calculated as the sum of the 
cost for the insulation of a DESWH and its discounted real standing losses costs 
during the lifetime of the DESWH. 
To adjust for how actual usage patterns influence in situ standing losses, a 
correction factor freal was used in the life-cycle cost analysis. Factor freal depends 
on: 
 
• the number of persons in the household 
• the tariff used (high tariff (HT) corresponds to day tariff, and low tariff (LT) 

corresponds to night tariff (between 22:00 and 6:00)) 
• the usage profile 
• the location of the storage tank (bathroom or cellar, with different distribution 

losses and ambient temperatures). 
 
All price components related to thicker insulation were included in a specific 
insulation price (pins) of 0.6 ECU/litre (additional purchase price ∆PP = 
pins∗∆Vfoam). pins is based on the following costs: 
0.25 ECU/litre foam plus transport (pfoam + ptrans) 
25 ECU/m2 additional surface (psur) 
3 ECU per unit retooling (DPPtool) 



2 (100%) manufacturer's mark-up (cm). 
 
Three configurations for hot water supply situations – based on a 3-person 
household – were chosen for the economic (life-cycle cost (LCC)) analyses: 
 
LT-200 C 200 litre DESWH, located in the cellar, low electricity tariff 
LT-150 B 150 litre DESWH, located in the bathroom, low electricity tariff 
LT-75 B 75 litre DESWH, located in the bathroom, high electricity tariff. 
 
The life-cycle cost analysis shows an optimal insulation between 5 cm and 11cm, 
depending on the electricity tariffs in the different EU member states (see Figures 
12–14, for numerical information see appendix 8.5). For the 'EU case' (average of 
electricity tariffs) the optimal insulation thickness is between 6.4 and 9.3 cm. 
 
Compared to real storage losses, it can be shown that increasing insulation 
thickness decreases not only standing losses but also life-cycle costs (see Figures 
15–17). 
The main factors influencing the level of optimal insulation are the additional 
insulation costs and the price of electricity. The discount rate, ambient temperature 
and usage conditions (freal) are of minor importance. 
Looking at so-called 'poor' models (insulation thickness 2 cm, or even less), pay-
back periods for reaching the optimal insulation thickness are extremely short and 
range from 0.5 to 3 years. 
A sensitivity analysis was performed to quantify how the optimal insulation thickness 
was influenced by variations in: 
 
• ambient temperature (Tamb) 
• discount rate (ir) 
• lifetime of DESWH (LC) 
• usage pattern (fuse) 
• insulation costs (pins) 
• electricity tariff (pel). 
 
The range in values for the sensitivity analysis covers the range in values found 
across Europe. As can be seen in Figures 18 and 19, the main impact is from the 
prices pins and pel and from life-span LC. Climatic conditions, the usage pattern 
and the discount rate have minor impacts. 
Figures 18 and 19 emphasise that assuming lower insulation costs (e.g.0.2 
ECU/litre, which is still twice the value used in the US DESWH study) would result in 
a significant increase in the optimal insulation thickness, rising from 7 to 11 cm for 
the 200 litre model and from 9 to 14 cm for the smaller, 75 litre DESWH in 
calculations using the average European electricity price (high tariff situation). 
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Figure 12: Life-cycle costs for configuration LT-C 200 (10-year life-span) 



Life Cycle Cost for different Countries
Configuration LT-B 150,  LC = 10 years

DK

I

sB
C
 =

 0
,0

45
 m

sP
M
 =

 0
,0

2 
m

A

G

E

UK

EU

0

100

200

300

400

500

600

700

800

900

1000

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,1 0,11 0,12

s [m]

L
C

C
 [

E
C

U
]

Italy

Denmark

Austria

Germany

Belgium

France

Portugal

Europe

Sweden

Netherlands

Spain

Finland

U. Kingdom

pins  = 0,6 ECU/litre
λ = 0,035 W/m K
ir = 0,04

fuse = 0,7

Optimal insulation 
thickness

 



Figure 13: Life-cycle costs for configuration LT-B 150 (10-year life-span) 
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Figure 14: Life-cycle costs for configuration HT-B 75 (10-year life-span) 
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Figure 15: Standing losses versus LCC for configuration LT-C 200 (10-
year life-span) 
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Figure 16: Standing losses versus LCC for configuration LT-B 150 (10-
year life-span) 
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Figure 17: Standing losses versus LCC for configuration HT-B 75 (10-year 
life-span) 
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Figure 18: Sensitivity analysis of optimal insulation thickness, EU average 

conditions, configuration LT-C 200 (top: variation in cost-
relevant parameters; bottom: corresponding standing losses) 
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Figure 19: Sensitivity analysis of optimal insulation thickness, EU average 

conditions, configuration HT-B 75 (top: variation in cost-relevant 
parameters; bottom: corresponding standing losses) 

 
 

A.Further options for improving DESWH efficiency 



Beside increasing the insulation thickness of DESWHs, other options have been 
evaluated, as outlined in the following sections. 
1.Improvement of insulation material 
Materials with a lower heat conductivity λ would have a significant effect on 
decreasing standing losses. Using such materials would be more or less as 
effective as varying the insulation thickness. At present, however, no insulation 
materials better than PU foam, for which λ decreases some months after 
manufacture, are available on the market. Vacuum-insulated panels have recently 
been developed for cooling appliances, and the adaptation of this innovative 
technology for insulating DESWHs should be considered in future R&D activities. 
Measurements of DESWH prototypes, produced by the manufacturers especially 
for checking the simulation model results, show that it is possible to achieve a heat 
conductivity of λ = 0.027 W/m K with PU foam. However, there is no evidence, nor 
have the manufacturers stated, that these values are stable over the lifetime of the 
DESWH. 
In the life-cycle cost analysis, a conventional value of λ = 0.035 W/m K was used 
together with a relatively high price of pins = 0.6 ECU/litre for insulation 
improvements. Figure 20 shows the impact of λ improvements and insulation price 
changes on the optimal insulation performance Lst,opt and the optimal insulation 
thickness sopt with regard to a 200 litre DESWH. 
For example, if the price is unchanged, a higher performance (lower standing 
losses) can be reached with a lower insulation thickness sopt if λ has been 
improved. 
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Figure 20: Impact of heat conductivity and insulation price on optimal 
insulation performance for a 200 litre DESWH 

 
1.Changes in DESWH shape (height:radius (H:R) ratio) 
Lower H:R values reduce the optimal insulation thickness by approximately 2%, 
reducing standing losses by up to 7%. 
1.Changes in insulation thickness at sides/top of the boiler 
An increase in the top:sides insulation ratio results in an economic optimum with 
slightly higher standing losses (2%) and less insulation on the side. 
1.Avoidance of heat bridges 
The occurrence of heat bridges is related to the connection of pipes, heating 
elements, flanges, mounting armatures, etc. They depend on the construction of the 
DESWH and result in the need for special armatures with insulated interconnections 
or other special insulation and installation measures (heat traps, thermo syphon, 
etc.). Depending on the electricity tariff, extra costs for such measures in the range 
of 10–20 ECU are cost-effective in reducing fixed losses by 50%. R&D efforts 
should explore the potential for low-cost solutions for avoiding heat bridges. 
1.Use of optimal hot water temperature for a given DESWH 

capacity 
Depending on the number of persons in a household, the hot water temperature of a 
DESWH can be reduced to the optimal temperature to supply exactly the amount of 
hot water needed, thereby reducing standing and distribution losses. However, the 
reduction of temperatures to <50 °C should be avoided in order to prevent potential 
serious health problems caused by Legionella (critical temperature range 32–42 
°C). 

1.Use of DESWHs with capacity adapted to household size 
The use of smaller-capacity DESWHs in households with fewer inhabitants reduces 
standing losses as the hot surface of the smaller DESWH is smaller. However, 
DESWHs that are too small for the household´s demand need to be operated at 
higher temperatures or need to be reheated during the day. 
1.Increasing insulation but keeping outside dimensions 

constant 
In this case water temperature must be raised to supply the same volume of hot 
water required. The higher water temperature would lead to higher standing losses, 
but the thicker insulation compensates for this effect to some extent. When the 
additional distribution losses, the increase in calcification and heat conductivity of 
the foam, and the reduction in the life-span of the DESWH are considered, the total 
effect of this measure is to increase energy losses. 
1.Use of intelligent control devices 
Programmable control systems capable of 'learning' the daily course of hot water 
demand may contribute to significant reductions in standing losses, especially when 
used to 'upgrade' existing inefficient appliances. Some European research projects 
are based on this strategy. The purchase price for such a device should not be 



higher than 30 ECU in a low-tariff situation or 150 ECU in a high-tariff situation if a 
pay-back time of 3–5 years is to be attained. 
1.Use of water-saving devices 
The installation of water-saving faucets, e.g. water-saving shower roses or time-
controlled taps, can achieve a 10–15% reduction in hot water needs. In order to be 
cost-effective the price difference between devices such as these and standard 
faucets should be in the range of <50 to 100 ECU. 
1.Reduction of distribution losses 
Low distribution losses can be achieved with small pipe volumes, short heating 
times and long cooling periods. These require short pipe lengths, good pipe 
insulation and small pipe diameters. 
1.Use of heat pumps for hot water production in DESWHs 
Heat pumps utilise the surrounding heat sources (earth, air, water) and thus only 25–
50% of their heating effect is supplied through electricity. The integration of heat 
pumps in DESWH systems does not appear to be cost-efficient in low-tariff 
situations but could be advantageous under high-tariff conditions. Further 
investigations are necessary to confirm this. 
1.Use of solar collectors 
The analysis of a bivalent (electric/solar) hot water supply system with a DESWH 
capacity of 200litres results - considering Central European solar radiation levels - 
in costs for the 'substituted kWh' which are in the higher range and above the 
average European high-tariff situation. The situation might be different in Southern 
European countries such as Portugal, Spain, Italy and Greece as well as southern 
parts of France, all of which have high solar radiation levels and some have also 
high electricity tariffs. Further investigations are required in this area. 

A.Comparison of hot water supply systems 
For the comparison of the different hot water supply systems an overview of the 
Austrian market was prepared (see Figure 21). In order to get comparable results, 
the costs for investment, installation, operation and maintenance as well as energy 
consumption (needs, input from environment, distribution losses, storage losses) 
must be taken into account. Because the life-cycle costs of the various hot water 
production technologies differ, the total annual costs for each system were used. 
Figure 21 assumes the same warm water needs for all systems and allows the 
identification of the system with the lowest energy consumption or the lowest total 
cost. The impact of system improvements on cost and energy demand are also 
illustrated. While energy consumption (x axis) can be determined very exactly, cost 
(y axis) can vary widely, depending on market prices. 
As can be seen for DESWHs, increasing insulation performance reduces costs up 
to a minimum consistent with very low energy consumption. Water-saving devices 
achieve further cost and energy reductions. 
In summary, centralised, low-tariff systems (if located in the cellar) have higher 
distribution losses, while systems near the principal point of water consumption 
have lower distribution losses. High-tariff systems use smaller-capacity DESWHs; 



these have a lower investment cost, but a higher total cost related to the high price 
of electricity. 
Total electricity input can be reduced below hot water (energy) needs with the use of 
water-savings devices as well as the utilisation of heat pumps and solar collectors. 

 
Figure 21: Comparison of cost and energy efficiency of electric water 

heating systems 
 
The optimal insulated LT-DESWH (point 'OPT') is the cheapest and most efficient 
electric hot water supply system. Locating it in the bathroom helps to keep 
distribution losses low and, furthermore, allows utilisation of the heat losses for 
heating the room. Intelligent regulation – timing of water heating to immediately 
before hot water use or before the end of the LT period – and optimised operation 
of the DESWH (lowest allowed temperature) further reduce both annual costs and 
electricity consumption. 

I.Effects of policy interventions on 
energy savings and CO2 reduction 

A.Definition of scenarios 



The effect of policy interventions on energy savings and CO2 reduction was 
examined with the DECADE model. 
Total EU electricity consumption by DESWHs, including both used hot water and 
standing losses, is shown in Figure 22. DESWHs were projected to consume 
87TWh in 1997, with consumption declining only marginally to 78 TWh in 2020 
under the 'business as usual' (BAU) scenario. The data show that ownership is 
declining in 6 major countries, which account for 82% of current total electricity 
consumption of DESWHs in the EU. Thus, overall, EU consumption is in decline. 
In the BAU-scenario no further technical changes in DESWH energy efficiency were 
assumed for the period 1995–2020. 
In 1997, standing losses accounted for 22% of total DESWH electricity 
consumption. Standing losses declined from a peak of 33 TWh in 1978 to 19 TWh 
in 1997 (see Figure 23). 
The development of standing losses depends on the assumptions taken for average 
standing losses in each country, taking into account typical capacities at any one 
time. The three countries for which historical, new-model consumption data are 
available (the UK, France and Germany), each show similar historical 
improvements from relatively poorly insulated (or uninsulated) tanks as a result of 
government policy measures in 1976, 1984 and 1990. Other countries are assumed 
to follow these basic trends, because there is some import/export of water heaters 
between countries. 
However, since it takes some 10 years in Europe and 20 years in the UK for water 
heaters to be replaced, improvements made 10 years ago to new models are still 
working through the stock, and will continue to do so for a few years yet, but this 
effect will saturate by 2005.  
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Figure 22: Total DESWH electricity consumption in the European Union, 

historical and projected 



 
Five scenarios of policy options were designed and compared with the BAU 
scenario. These scenarios are as follow: 
1.EtoBc2000 Every DESWH on the market with standing losses worse than the 

base case in the technical/economic analysis moves up to the base case by the 
year 2000. 

2.csETP2000 Every DESWH in each country moves to the country-specific 
standing losses optimum and utilises the full economic and technical potential in 
the different countries by the year 2000. 

3.EUbest2000 Every DESWH on the market moves to the best (with regard to 
standing losses) on the EU market by the year 2000. 

4.csETP2005 Same as scenario csETP2000, except the date is assumed to 
be 2005. 

5.EUbest2005 Same as scenario EUbest2000, except the date is 2005. 

A.Energy savings and CO2 reduction 
Table 6 and Figure 23 summarise the results of the comparison between the BAU 
scenario and the five scenarios of policy options. If all new models were to move to 
the average on the market by 2000 (scenario EtoBc2000), savings would amount to 
2.623 GWh by 2020, or 17% of the projected consumption attributable to standing 
losses, i.e. the value of savings would be 315 million ECU to consumers and 0.37 
Mt of carbon (= 1.36 Mt of CO2). 
If every DESWH were to move to the best on the market by 2000 (scenario 
EUbest2000), savings would amount to 6.426 GWh by 2020, or 41% of projected 
consumption attributable to standing losses, i.e. the value of savings would be 
771million ECU to consumers and 0.90 Mt of carbon (= 3.3 Mt of CO2). 
It can also be seen from Table 6 that the effect of delaying the implementation date 
from 2000 to 2005 disappears by 2020, but the difference in savings is significant 
in the early years. 
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Figure 23: DESWH standing losses for the EU stock according to five 

scenarios of policy options 
 
Savings vary widely between the different member countries. The effect of moving 
everything to the average on the market (scenario EtoBc2000; see Figure 24) will 
clearly have a much greater effect in the 'least efficient' countries, and little or no 
effect in the 'most efficient' countries. Thus, with this scenario, the UK achieves the 
greatest savings (25% of all savings), followed by Italy (22%) and Spain (15%); 
however, no savings are achieved in Germany. 
If every DESWH moves to the best on the EU market (scenario EUbest2000; see 
Figure 25), savings will be more evenly distributed, with 22% of all savings being 
accounted for by France, 18% by Italy, 16% by the UK, 10% by Spain and 7% by 
Germany. 
The effect of reaching country-specific optima (scenario csETP2000) is that 
countries with higher energy prices tend to make higher savings; thus France and 
Italy account for 23% and 22% of savings, respectively, while the UK accounts for a 
lower share of 15%. 
Table 6: Standing losses, electricity savings and CO2 reductions 

according to five scenarios of policy options (vs BAU scenario) 
in the EU 

Data related to year 1995, 2000, ect. BAU EtoBC 
2000 csETP 
2000 EUbest 
2000 csETP 
2005 Eubest 

2005  



Standing losses (GWh)       
 1995 20367       
 2000 17935 17482 16979 16770 17576 17500  
 2005 16618 15172 13551 12873 14623 14184  
 2000 16053 13895 11533 10538 12244 11411  
 2020 15549 12927 10268 9123 10369 9253  
Electricity savings (GWh)       
 2000  452 955 1164 358 434  
 2005  1445 3067 3745 1995 2433  
 2010  2158 4520 5514 3809 4641  
 2020  2623 5281 6426 5181 6297  
% savings (vs standing losses)       
 2000  3 5 6 2 2  
 2005  9 18 23 12 15  
 2010  13 28 34 24 29  
 2020  17 34 41 33 40  
Savings (millions of ECU)       
 2000  54 115 140 43 52  
 2005  173 368 449 239 292  
 2010  259 542 662 457 557  
 2020  315 634 771 622 756  
Carbon reductions (Mt CO2)       
 2000  0.22 0.48 0.59 0.18 0.22  
 2005  0.73 1.58 1.94 1.03 1.25  
 2010  1.10 2.35 2.86 1.98 2.38  
 2020  1.36 2.71 3.30 2.68 3.26  
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Figure 24: Electricity savings achieved by European Union countries under 

scenario EtoBc2000 
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Figure 25: Electricity savings achieved in European countries under 

scenario EUbest2000 
 

I.Impact on consumers and 
manufacturers 

A.Impact on consumers 
The analysis of the impact of improved energy efficiency on consumers 
concentrated on an empirical evaluation of consumer behaviour in Italy. Even if the 
results for one country are not representative of 'the European market' they provide 
some interesting indications of consumer preferences. 
One important question consumers were asked concerned their reasons for 
purchasing their water heater; the results are summarised in Table 7. The greatest 
influence on consumer choice (32% on average) was 'suggestion' by third parties 
(installers, sales staff, friends, etc.). 'Suggestion' had greater impact when buying a 
gas water heater (42%) than choosing a DESWH (30%). 
Another important reason was 'convenience' (19% on average), with the sales price 
of the water heater (14% on average) being the dominant factor. Other reasons 
mentioned were 'heating efficiency' (13%), 'safety' (12%) and 'promotion' (11%). 
Only a few consumers (2%) described the reason for their purchase choice as 
'economic in use (energy efficient)'. 
Table 7: Reasons behind water heater purchase choices in Italy (by % of 

questionnaire respondents) 
 All water heater types Total  
Reason Region in Italy Electric Gas water  



 North Centre South Total water heater heater  
SUGGESTION 69 34 27 32 30 42  
 installer's advice 27 2 13 13 12 20  
 installer's choice 33 – 4 6 5 10  
 sales staff advice 3 23 6 8 8 8  
 friend's advice 6 9 4 5 5 4  
CONVENIENCE 3 28 20 19 19 16  
 price 3 13 16 14 14 16  
 quality/price – 15 4 5 5 0  
NONE 6 6 15 13 14 4  
HEATING EFFICIENCY 12 4 14 13 13 12  
SAFETY 18 4 12 12 12 12  
PROMOTION 6 2 12 11 11 12  
 popular brand name 6 – 10 9 9 8  
 advertising/information – 2 2 2 2 4  
OTHERS 9 2 6 5 5 12  
 modern system  6 2 2 2 2 6  
 energy efficient/ 
 economic in use 3 – 3 2 2 2  
 low maintenance – – 1 1 1 4  
I DON'T REMEMBER 12 34 22 23 23 24  
 
The low relevance of energy efficiency in buyers' decision-making must be 
considered together with the fact that when consumers were asked whether they 
were satisfied with their hot water system in terms of safety, operating costs related 
to energy efficiency, time to achieve the desired hot water temperature, 
maintenance and environmental impact, they were least content with the energy 
efficiency of water heaters. If a distinction is made between electric and non-electric 
water heaters (see Figure 26), satisfaction with the energy efficiency of DESWHs 
was lower than for other hot water systems (e.g. gas water heaters) . 
This indicates that consumers are aware that the energy efficiency of DESWHs is 
not good enough. Bearing in mind that in the Italian empirical survey 73% of the 
owners of a DESWH installed the appliance themselves, and that 69% of these 
'self-installers' directly purchased their DESWH in a shop (65% decided on the type 
and 62% on the brand), the importance and effectiveness of providing sufficient 
information to consumers is evident. 
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Figure 26: Consumer satisfaction with hot water systems in Italy 
 
12% of the interviewed consumer sample stated that they needed to buy a new 
DESWH, of which 8% wanted to substitute an old one and 4% to install an 
additional one. Interest in a more energy efficient DESWH was then explored in 
those families willing to buy a new DESWH through asking another specific 
question focusing on measuring the trade-off between savings on operational costs 
on the one hand and a higher sales price on the other hand. The following cases 
were evaluated: 
A)15000 lire (7.5 ECU) saving on the total energy bill and price increase of 30000 

lire (15 ECU) 
B)25000 lire (12.5 ECU) saving on the total energy bill and price increase of 50000 

lire (25 ECU) 
C)35000 lire (17.5 ECU) saving on the total energy bill and price increase of 70000 

lire (35 ECU). 
As shown in Figure 27, the willingness to buy a more efficient DESWH was strongly 
related to the performance of the new DESWH, with the percentage of willing 
respondents doubling when expected savings move from 7.5 to 12.5 ECU (from 
case A to B) and increasing more than 10 times when savings change from 12.5 to 
17.5ECU (from case B to C). These results support the expectation that the market 
potential for more efficient DESWHs might grow significantly if consumers are 
aware that they can realise considerable savings concerning operational costs with 
only slightly increased investments for a new more energy-efficient DESWH. Of 
course, buyers´ decisions are influenced by the costs of other usable and possibly 
more satisfying competing systems for hot water production. 
The calculations in the technical/economic analysis show that the potential savings 
achieved by increasing insulation thickness are much higher than the benefits 



required by consumers (7.5, 12.5 and 17.5 ECU, respectively, per year; see cases 
A, B and C) as compensation for higher DESWH purchase prices. 
By spending an additional 23 ECU on their purchase, Italian buyers could save 
about 39ECU per year if they choose a base-case DESWH (with about 4.7 cm 
insulation) instead of a 'poor' model (with approximately 2.5 cm insulation). With an 
additional purchase price of 107ECU the annual savings will increase to about 67 
ECU when a 'poor' model is replaced with the 'optimal' model. This results in pay-
back periods of 0.6 and 1.6 years, respectively, much less than assumed in cases 
A, B and C as used in the consumer survey. 
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Figure 27: Trade-off between savings on operational costs and higher 

sales prices 
 
A more general picture of pay-back periods (PBP) is presented in Figures 28 and 
29. If insulation thickness is increased, the pay-back time for opting for optimum 
insulation thickness sopt depends on the initial insulation thickness s0 and the 
electricity price (for a given configuration and user profile). As shown in both 
Figures28 and 29, the thinner the initial insulation, the shorter the pay-back period. 
Uninsulated tanks (as they have occurred in the UK) could be improved to the 
optimum with pay-back periods of less than half a year. 'Poor' Italian models (HT-B 
75 litre, s0= 0.025 m) (see Figure 29) could be improved within less than 1.5 years, 
while the same 'poor' UK models would require pay-back periods of at least 2.25 
years because the electricity price is lower there. 
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Figure 28: Pay-back period for improving insulation thickness from s0 to 

sopt, configuration LT-C 200 
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Figure 29: Pay-back period for improving insulation thickness from s0 to 

sopt, configuration HT-B 75 
 



 
A comparison of consumer opinions and energy efficiency potential from an 
economic point of view leads to the following conclusions. Since consumers are not 
satisfied with the energy efficiency of their water heaters, they consider energy 
efficiency one of the less important factors in determining their purchase decision. 
'Suggestion' is the most important influence in their purchase decision, while 'sales 
price' is the most important single economic issue. However, DESWHs that realise 
much higher savings than expected by consumers are available on the market. Thus 
it is evident that there is an information deficit. Raising consumer awareness could 
result in energy savings as long as possible price increases for more efficient 
appliances are accepted by the majority of consumers willing to buy a new DESWH. 
 

A.Impact on manufacturers 
The evaluation of the effects of policy interventions on manufacturers utilised the 
results of a questionnaire that was distributed to DESWH producing companies. Six 
enterprises responded; together they employ more than 6000 people and sell 
around 2 million product units per year – collectively their turnover was 916billion 
ECU in 1996 and they had a European market share of slightly less than 70%. 
The breakdown of average water heater unit production costs, as taken from the 
questionnaire, is shown in Table 8. The mean total per-unit production cost (for a 
100 litre vertical unit) is 105 ECU. Energy, non-energy raw materials, distribution 
and marketing, and royalties are considered as variable costs and account for 
67.1% of the total unit costs. 
With reference to the assumptions for additional costs in the technical/economic 
analysis (0.6 ECU per litre, including additional transport costs, etc.; see 
section4.4), adding 2 cm of insulation to a 100 litre 'poor' DESWH model costs 
about 20ECU. Improving the 100 litre 'poor' model with additional 6 cm insulation 
would cost about 70 ECU. 
These figures are close to the data set provided by manufacturers (see the fixed 
and variable incremental costs per unit given in Table 9) for an additional 2 cm of 
insulation and about 15% lower than the estimates of the producers for an additional 
insulation of 6cm. 
 
Table 8: Breakdown of average unit production costs 
for 100-litre vertical DESWHs 
Cost component Share of total costs (%)  
Machinery  14.7  
Energy  3.1  
Non-energy raw materials  55.8  
Labour  18.2  
Distribution, marketing  7.3  
Royalties, know-how  0.9  
TOTAL  100.0  
 



All six of the responding manufacturers shared a common and quite straightforward 
opinion regarding the effects of policy measures: in the short-term, EU market 
shares for DESWHs are projected to rise between 2% and 4%, but the producers 
expect that this trend will definitely be reversed if energy efficiency policy imposes 
the introduction of thicker insulation. 
In this case the manufacturers estimate that market shares will decrease by as 
much as 3% in the short term (1–2 years) and 10% in the long term (1–5 years) for 
the small DESWHs (≤15 litres), and by 5% in the short term and 10% in the long 
term for the vertical bigger models (50–200 litres). 
The reasons for this development are provided in qualitative terms and focus 
primarily on the assumption that consumers do not give much attention to energy 
efficiency and that any cost increase in this 'mature' market will therefore induce 
demand shifts to collateral products (e.g. gas water heaters). At first glance, 
manufacturer opinion is backed up by the results of the Italian empirical survey on 
consumer preferences which shows that price is the crucial factor influencing their 
purchase, while energy efficiency is one of the less important reasons given. 
However, the same survey also revealed that users are not only aware that 
DESWHs are not as energy efficient as they might be but are also willing to pay a 
higher product price; calculations showed that the benefits to consumers resulting 
from the higher prices are considerably higher than assumed in the consumer poll 
(see section6.1). Thus one can expect perceptible demand shifts to alternative 
products only in cases where increases in purchase price are disproportionate to 
savings in operation costs or where consumers are unaware or unsure that they will 
benefit in the long run from paying a higher sales price, and where the alternative 
technology for hot water production is usable and competitive. 
Furthermore, manufacturers indicated that an increase in insulation thickness may 
create installation problems as a result of the increase in overall product size, and 
may consequently add to transportation costs. The first argument depends clearly 
on the definite thickness, and both these factors would present only marginal 
problems. Installation problems will most certainly not occur where insulation 
thickness of improved DESWHs stays in the range already available on the market, 
but difficulties could arise if the required insulation is significantly thicker than 
existing values. Such problems could become more important if insulation thickness 
is increased to a level approaching the country-specific insulation optimum. 
To analyse the effects of an increase in insulation thickness the cost structure of one 
major manufacturer concerning the 100litre vertical water heater with an insulation 
thickness of 2.5 cm ('poor' model) was used. If another 2 cm of insulation is added, 
unit manufacturing variable cost will increase by 13%. 
If, however, 6 cm of insulation is added, unit manufacturing variable cost will 
increase by 42%. Table 9 reports these data, together with other input variables for 
an aggregated European market of DESWHs that were necessary to run the 
Lawrence Berkeley Laboratory Manufacturer Impact Model (LBL-MIM) simulation. 
Table 9: Insulation thickness improvement scenario (1996 data) 

Variables 'Poor' model 
2.5 cm insulation 'Base case' 



model, 4.5 cm insulation 
(+ 2 cm) 'Efficient' 
model, 8.5 cm insulation 

(+6 cm)  
Demand price elasticity (%)  -0.22 -0.22  
Consumer discount rate on energy savings (%) 5    
Unit manufacturing variable cost ($US) 84 11 35  
Incremental cost per unit fixed capital costs ($US)  12 48  
Appliance annual operating costs ($US per year) 150 150 144  
Ratio of highest to lowest mark-up 1.12    
Typical manufacturer mark-up over unit variable costs (%) 28.5    
Size of firm as % of total industry (%) 30    
Industry shipments (thousands of units) 5 131    
Shipments by product class (thousands of units) 770    
Tax rate (%) 33    
After tax equity cost of capital (long term average bond yield) (%) 6.5    
 
LBL-MIM collects into one spreadsheet all the calculations necessary to determine 
the impact of a change in appliance minimum efficiency limits on an industry's 
profitability and scale of operation. Appliance manufacturers may be affected by a 
change in minimum efficiency limits, depending on the interaction of three factors: 
 
1)the costs imposed by the change in the efficiency limits (e.g.additional 

investments, retooling) 
2)the price elasticity of a single firm 
3)the industry's price and operating cost elasticities of demand. 
 
LBL-MIM integrates and analyses these three factors as they apply to a single 
typical firm. 
Table 10 summarises the basic outcomes of the model simulations (using inputs 
presented in Table 9). In the long term the results indicate that an energy efficiency 
policy requiring at least 4.5cm of insulation for DESWHs (which is comparable to 
the base case in the technical/economic analysis) results in a 2.8% decline in 
shipments but has positive effects on revenues (+10.0%) and net income (+6.7%). 
Return on equity as a key indicator of industries´ profitability remains unchanged, 
the product price rises by 13.2%. 
A further increase of insulation thickness (improving the 'poor' model to an 'efficient' 
model with 8,5 cm of insulation) results in a decrease of 7.1% in sales and a slight 
reduction of the return on equity (-0.5%) in the long run. Revenues (+31.5%), net 
income (+17.0%) and market price (+41.5%) will rise. 
The difference between short term and long term figures is negligible in both cases, 
with the exception of net income, which increases a small amount in the short term 
and then stabilises around 7% in the first case (+ 2cm insulation), about 17% in the 
second case (+ 6cm insulation). 



The sensitivity analysis confirms that demand price elasticity (-0.22) is a crucial 
factor of such simulations (in the US study on DESWHs the lower value of -0.12 was 
chosen). 
A 10% increase in elasticity reduces revenues by 0.3% in case 'poor model plus 
2cm insulation' and by about 1% in case'poor model plus 6 cm insulation', whereas 
net profits are reduced by about 0.8% and 2.2% respectively. Return on equity will 
decline only slightly. 
A 10% decrease in elasticity, however, will have a corresponding positive impact on 
revenues and net income, almost symmetric to the previous figures as shown. More 
details concerning the sensitivity analysis are shown in appendix 8.6. 
In interpreting and assessing the accuracy of Table 10, it should be kept in mind that 
in a recently published paper the authors stated that engineering estimates like 
LBL-MIM overestimates the effects on manufacturers. It is also known that 
manufacturers of DESWHs act in a much broader segment (e.g. all sorts of sanitary 
equipment). This means that even under the assumption of a decrease in DESWH 
sales as a result of higher purchase prices, manufacturers will benefit from a rise in 
the demand for 'substitute' technologies. 
Considering these facts, it can be taken for granted that improving 'poor' models to 
the 'base case' performance will result in no negative effects on manufacturers. 
Even if insulation is increased to 8,5 cm - which is approximately the 'optimal' 
insulation thickness (see chapter 4.4 and 8.5) of a 100 litre DESWH in a series of 
EU member countries - only small negative effects on manufacturers will arise 
according to LBL-MIM results. 
 
 
Table 10: Percentage changes in manufacturer costs related to increasing 

DESWH insulation thickness by 2 cm ('poor' model to 'base 
case' model) and by 6 cm ('poor' model to 'efficient' model), 
according 

to LBL-MIM 
Variables 'poor' to 'base case' 

(2,5 cm to 4,5 cm) 'poor' to 'efficient' 
(2,5 cm to 8,5 cm)  
 Short term Long term Short term Long term  
Shipments -2.7 -2.8 -6.8 -7.1  
Market price 12.7 13.2 40.0 41.5  
Revenues 9.7 10.0 30.5 31.5  
Net income 1.7 6.7 2.9 17.  
Return on equity -0.4 0.0 -1.4 -0.5  
 

I.Recommendations 
A.Basic approach 



The technical/economic analysis indicates that the country-specific optimal 
insulation thicknesses vary widely but are greater than the insulation thickness of the 
base case within each EU member state. On the other hand there are a series of 
DESWH models with poorer performance in comparison with the base case. 
The proposed energy policy framework was designed to fulfil the following 
conditions, with the aim of achieving an equilibrium between consumers and 
manufacturers, the two principal stakeholders: 
a)to ensure energy savings without transaction costs at least up to an extent where 

consumers benefit in any case and to reduce the possibility of negative effects 
on manufacturers to a minimum. 

b)to provide information on the energy efficiency of the DESWH for all other cases 
where certain consumers could face financial disadvantages and manufacturers 
could be affected negatively to a noticeable extent if a general, more rigorous 
performance standard were set. 

The best way to realise these demands in a cost-effective way is to have an energy 
policy mix based on two main strategies: 
1)set a minimum energy efficiency standard (covering condition a above) 
2)introduce a labelling scheme (covering condition b above). 
Figure 30 demonstrates these two main strategies and shows the area of labelling 
from 100% down to around 50% of the standing losses of the base case, covering 
all calculated national economic optima and existing best models. 
Some other measures (e.g. information on 'good practice' with respect to hot water 
production) are discussed at the end of this chapter (section 7.4) to complete the 
recommendations. 
 



 
Figure 30: Basic approach for increasing energy efficiency of DESWHs 
 

A.Minimum energy efficiency standard 
For the determination of a minimum energy efficiency standard, the effects of 
variations in real life conditions (e.g.usage profile, lifetime of the appliances, 
additional costs of insulation, country-specific electricity tariffs) on optimal insulation 
thickness have to be taken into account. For this reason the base case Lst,BC was 
selected to define the minimum energy efficiency standard. Choosing this moderate 
performance level limits the price increase of improved DESWHs, avoids negative 
effects on manufacturers, and at the same time guarantees benefits for consumers. 
It should be underlined that the life-cycle analysis in chapter 4 indicates clearly that 
the lowest country-specific optimal insulation thickness is in any case slightly higher 
than that of the base case. Keeping in mind that the life-cycle cost analysis was 
performed using very 'conservative' assumptions (i.e. with respect to the additional 
insulation costs), it can be claimed that using the base case as a minimum energy 
efficiency standard is an extremely cautious approach. 



The minimum energy efficiency standard can be set in the framework of a Directive 
or a voluntary agreement, negotiated between the Commission and manufacturers 
(through CECED, the manufacturers' association). 
Standing losses Lst,st (in kWh/day) (measured according to the energy 
measurement standard in IEC 379 (3rd edition, 1987), which is sufficient to impose 
the proposed regulation) of the particular DESWH with rated capacity V (in litres) 
must not exceed Lst,mes, the minimum efficiency standard: Lst,st ≤ Lst,mes with 
Lst,mes = Lst,BC. 
This means minimum energy efficiency requirements (Lst,mes) for standing losses 
as shown in Table 11. 
Table 11: Minimum energy efficiency requirements as a function of rated 

capacity 
Type of DESWH Capacity 

(litres) Minimum energy efficiency requirements 
(Lst,mes)  
Vertical > 50–1000 0.2 + 0.051 ∗ V2/3  
Horizontal > 50–300 0.75 + 0.008 ∗ V  
Small 5–50 0.13 + 0.0553 ∗ V2/3   
Functions for Lst,mes were derived by a curve-fitting procedure through the points of 
unweighted and weighted averages from the CECED database. The relative 
standing losses, i.e. the losses related to the existing average, range from 57% to 
579% in the case of small DESWHs, from 60% to 168% in the case of horizontal 
DESWHs, and from 54% to 185% in the case of the vertical ones (see Appendix 
8.4). 
Figure 31 compares the proposed minimum energy efficiency standard with 
existing efficiency thresholds in various European countries (France, the UK, 
Germany/Switzerland). 
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Figure 31: Existing efficiency thresholds for small and vertical DESWHs in 

France, the UK and Germany/Switzerland 
 
1.Effect of a minimum energy efficiency standard on 

DESWHmodels 
Tables 12–14 include information (based on the available CECED data) on the 
percentage of models that would have to be improved after implementation of the 
proposed minimum energy efficiency standard. 
Table 12: Vertical DESWHs that would need to be improved after 

implemen-tation of the proposed minimum energy efficiency 
standard 

 Models by manufacturing country (% of CECED) Models not 
fulfilling the efficiency standard (% of manufacturing country)  
France 77.9 45.8  
Italy 2.0 59.4  
Spain 9.5 100.0  
Germany 5.6 19.1  
Switzerland 2.4 26.3  
Belgium 2.6 85.4  
CECED 100.0 50.3  
 
 
Table 13: Horizontal DESWHs that would need to be improved after imple-

mentation of the proposed minimum energy efficiency standard 
 Models by manufacturing country (% of CECED) Models not 
fulfilling the efficiency standard (% of manufacturing country)  



France 66.7 21.1  
Italy 1.2 50.0  
Spain 29.6 99.0  
Germany – –  
Switzerland 0.6 0.0  
Belgium 1.9 25.0  
CECED 100.0 44.4  
 
Table 14: Small DESWHs that would need to be improved after implemen-

tation of the proposed minimum energy efficiency standard 
 Models by manufacturing country (% of CECED) Models not 
fulfilling the efficiency standard (% of manufacturing country)  
France 54.5 77.2  
Italy 11.8 100.0  
Spain 17.6 100.0  
Germany 14.3 30.4  
Switzerland 0.4 0.0  
Belgium 1.4 100.0  
CECED 100.0 77.2  
 
1.Effects of a minimum energy efficiency standard on society 
Based on the results of chapter 5 ('Effects of policy interventions on energy savings 
and CO2 reduction') and on estimates of key financial data of the DESWH industry, 
the proposed minimum energy efficiency standard can be expected to have the 
effects shown in Table 15. 
Table 15: Societal effect of the proposed minimum efficiency standard 
 Year  
 2000 2005 2010  
Consumers 
Savings (million ECU) 54 173 259  
Manufacturers 
Return on equity (change in %) -0.4 0.0 0.0  
Environment/society 
CO2 reduction (Mt CO2) 0.22 0.73 1.10  
Environment/society 
Reduction of electricity consumption (GWh) 452 1 445 2 158  

A.Labelling 
Of the proposed information activities, labelling of DESWHs is the most important 
measure. As described in the previous chapters, consumers suffer from a large 
information deficit. Even if persons (e.g. plumber) other than the user choose the 
DESWH, the label will provide them with information that is not currently available. 
Additional information measures (see section 7.4) can strengthen the effect of 
labelling. 



Labelling provides a language for all stakeholders. One can imagine that plumbers 
take advantage of A or B labels in their offers to customers, establishing in that way 
a direct influence of consumers on the choice of products. 
Two options are proposed for labelling DESWHs. The first option (O1) should be 
selected if only a part of the DESWH market is covered by Lst,mes (if only a few 
manufacturers sign a voluntary agreement). The second option (O2) should be 
selected if all models are covered by a minimum energy efficiency standard (no 
labelling above the base case is necessary). 
Labelling focuses on Lst,st (the measured 'standard' standing losses of the specific 
DESWH according to IEC 379) excluding fixed losses Lst,fix, set at 0.12 kWh/day 
(corresponding to 5 W) for vertical and horizontal DESWHs, and to 0.072 kWh/day 
(corresponding to 3 W) for small DESWHs. Thus the remaining amount, Lst,var, can 
be calculated as Lst,var = Lst,mes – Lst,fix. 
Lst,var,100, the 100% bench-mark of the label is Lst,BC, which is equal to Lst,mes, 
minus Lst,fix. This leads to a percentage x of measured standing losses Lst,mes of 
a DESWH compared to Lst,var,100 of: 
 

x = (Lst,var/Lst,var,100) × 100 = ((Lst,mes – Lst,fix) / (Lst,BC – Lst,fix)) × 100 
 
In accord with the existing EU-labelling schemes, classes A to G are proposed. The 
definition of classes for vertical, horizontal and small DESWHs is as shown in 
Table16. 
 
 
 
Table 16: Definition of proposed energy label classes for DESWHs 
Class Option 1 (O1) Option 2 (O2)  
G x > 100 100 ≥ x > 90  
F 100 ≥ x > 90 90 ≥ x > 82  
E 90 ≥ x > 80 82 ≥ x > 74  
D 80 ≥ x > 70 74 ≥ x > 66  
C 70 ≥ x > 60 66 ≥ x > 58  
B 60 ≥ x > 50 58 ≥ x > 50  
A x ≤ 50 x ≤ 50  
 
 
Figure 32 shows the labelling classes for vertical DESWHs, and Figures 33 and 34 
illustrate the proposal for small and horizontal DESWHs (all related to O1), 
respectively. 
Within 2 years after implementation of minimum efficiency requirements and 
labelling, a study should be carried out to evaluate the effect of these measures, to 
improve a European DESWH database, supplemented with sales data sets 
(preferably in co-operation with CECED), and to investigate benefits of further 
improvements in the performance of DESWHs. 
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Figure 32: Classification of vertical DESWHs for labelling (O1) 
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Figure 33: Classification of small DESWHs for labelling (O1) 
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Figure 34: Classification of horizontal DESWHs for labelling (O1) 
 

A.Other measures 
1.Additional information activities should be carried out to: 

• promote the label and give advice on the economic benefits to potential 
buyers, plumbers and traders of buying a more efficient DESWH, especially 
to encourage households – if they make their purchase decision – to 
address the responsibility of third parties (e.g. installers) on operating costs 

• demonstrate 'good practice' in DESWH selection (e.g. capacity, type, 
tariff), installation (e.g. location, dimensions, placing and insulation of pipes) 
and usage (e.g. water-saving devices, time controllers) to self-installers and 
plumbers. 

The SAVE programme is an appropriate tool for initiating and supporting such 
activities in co-ordination with member states on a European level. It also looks 
for opportunities and economic limits to supplement hot water production with 
solar heating, and it performs an economic environmental (CO2) cost–benefit 
analysis of different technologies with respect to systems for hot water 
production. 

2.In order to create a 'level playing field' and to evaluate cost-effective measures for 
utilising energy saving potentials, other appliances for hot water production 
(especially gas water heaters) should be investigated. 

3.R&D activities are required to attain further improvements in the performance of 
DESWHs. These activities focus particularly on the development of: 
• better insulation materials (e.g. vacuum panels) 
• intelligent control systems (e.g. to 'upgrade' already installed DESWHs) 
• armatures for avoiding/reducing heat bridges. 



Manufacturers can take advantage of the existing EU programmes in the field of 
R&D if their R&D projects contain exceptionally technical and economic risks. 

4.A procurement strategy on a European level should be taken into account in order 
to launch R&D activities that have the perspective of broad market penetration 
opportunities and the utilisation of large-scale economies. 

5.Utilities should provide incentives to shift hot water production to periods with 
lower electricity demand. Offering night tariffs together with remote control of 
DESWHs by utilities are 'classic' load-management measures, are beneficial to 
both consumers and utilities, and 'save' electricity-generation capacity. 

I.Appendices 
B.Description of energy flow in water supply systems 
1.Energy flow 
Figure 35 shows the scheme of the energy flow in hot water supply systems (from 
the energy input, the heating system, the storage tank and the distribution system to 
the hot water needs of the user). 
 
1.DESWH heating systems 
DESWH heating systems consist of one or two electrical heating elements and 
thermo-sensors, situated directly in the storage tank. For this case, heating losses 
Lh can be neglected, i.e. the heat input Qh into the storage tank equals the end 
energy E. Neither other fuels nor input from environment need to be considered for 
the energy consumption of the DESWH. The electrical power of the heating element 
depends on the capacity of the storage tank, the desired heat-up time and the tariff 
situation. 
High-tariff (HT) systems are powered the whole day, heating up immediately after 
each draw-off or after dropping below the lower temperature limit of the sensor. 
Low-tariff (LT) systems have a limited power-on time of 4–8 hours per day, following 
demand-side management considerations of the utility. Normal LT periods are 
overnight, with start times between 10 pm and 2 am and end times at 6am or 7 am. 
 



 
Figure 35: Energy flow in warm water supply systems 
 PE  Primary energy 
 Etot  Total end energy input (heating plus auxiliary) 
 E  End energy input for hot water needs 
 F  Fuel input (including electricity for electric heating) 
 A  Auxiliary electricity for pumps, oil burner, heat pumps, etc. 
 Adis  Auxiliary electricity for distribution (e.g. circulation pump, trace heating) 
 Qenv  Environmental heat input (solar, surrounding) 
 Qh  Heat input into the storage tank 
 Qst  Hot water output of the storage tank, input into the distribution system 
 Qn  Hot water energy needs supplied through the outlets to the user 
 Lst  Storage losses (at real conditions) 
 Lst,st  Storage losses at standard conditions (standard standing losses) 
 Ldis  Distribution losses 
 LPE  Losses of energy conversion between primary and end energy 
 qi  Portion of hot water needs in the case of several heat sources 
 ηh  Efficiency of the heating system 
 ηst  Efficiency of the storage tank 
 ηdis  Efficiency of distribution 
 ηPE  Efficiency of energy conversion between primary and end energy 

 
1.Storage tank 



The heat input Qh into the storage tank, which is supplied by the heating system, 
must cover the used hot water Qst (needs plus distribution losses) and the storage 
losses (standing losses) Lst of the tank itself. As already described in section 1.2, 
the standing losses depend on a number of constructional conditions of the tank 
(tank dimensions, performance of heat insulation, etc.) and operational conditions. 
Real operational conditions can differ from those defined in the standards. Both Qst 
and Qh depend on the temperature difference between hot water Th and cold water 
Tc, whereas the losses Lst only depend on the temperature difference between Th 
and ambience Tamb. 
 
Single-powered storage tank 
The single-powered storage tank (see Figure 36) is described by the following 
equations: 

Qh Qst Lst
Qst

st
= + =

η  
ηst

Qst
Qh

Qst
Qst Lst

= =
+  

 
Figure 36: Single-powered storage tank 
 
Multi-powered storage tank 
One storage tank can be supplied by more than one heater (multi powered, see 
Figure 37). For example, there can be two electric heating elements for HT and LT 
electricity, or there can be only one electric heating element plus heat exchangers – 
so-called 'combis' – for the use of solar energy or heat pumps, or for connection with 
the room heating systems, etc. 
These heating sources may be used alternately, so that only one source is in use at 
any one time of the year (e.g. LT electricity in summer, oil in winter), or they may be 
used in parallel (e.g. solar plus LT or HT electricity as supplementary energy during 
the same day). It must be taken into account that for the specific operation modes 
with several heating sources the storage losses from the same tank can differ 
according to the positions of the heating elements in the tank, heated volumes, hot 
water temperatures and operating times. Furthermore, also distribution losses can 
be different in the case of various water temperatures supplied by the storage tank. 
 



 
Figure 37: Multi-powered storage tank 
 
Types of DESWH 
With regard to mechanical construction, a distinction should be made between 
DESWH systems which are operating under pressure (unvented) of the cold water 
supply system with taps in each of several outlets, and pressureless (vented) 
systems where the tap is situated in the cold water inlet pipe, thus allowing only one 
outlet. 
Copper tanks that are mechanically enforced by a steel surface are normally used in 
the UK. As reported, most of these systems are not heat insulated, or the heat 
insulation contains large heat bridges. 
 

A.IEC 379 
The purpose of this standard is to define the principal performance characteristics 
of electric storage water heaters and to describe the standard methods for 
measuring these characteristics. 
1.Verification of the rated capacity 
The water heater is filled in the normal way and then the water supply is cut off. It is 
then emptied through the water inlet or if it is not possible, through the drain plug 



opening. The water withdrawn is measured and the result stated in litres, to the 
nearest one-tenth litre. 
1.The energy test 
Starting and ending at the period the thermostat cuts out, the energy E1 consumed 
during time t1 (hours) is measured over a period of not less than 48 hours. The 
water temperatures θEi at each thermostat cut-in and θAi at each thermostat cut-out 
are measured. 
The energy consumption E per 24 hours is calculated: 

 
E

E
t

= 1

1

24.

 
The mean water temperature θM is calculated: 

θ θ θ
M

A E=
+
2  

Standing losses per 24 hours, Qpr, are calculated according to: 

Q Epr
M amb

=
−
45

θ θ
.

 
Qpr is expressed in kilowatt-hours per 24 h related to a temperature rise of 45 K 
and expressed to the nearest 0.1 kWh. 
 

A.Market trends by country in 1995 
 
Table 17: Estimated sales of electric storage water heaters by capacity, 

1995 (thousands of units) 
Capacity (litres) F (1991) UK D ? I E P (!) B NL
 A CH  
5 ≤≤  10 45  906 -  -  72 40   
10 ≤≤  15  25  250 18 - 64  14 9  
15 ≤≤  30 82  30 45     13   
30 ≤≤  50    125 100 12    4  
50 ≤≤  75    115 144       
75 ≤≤  80 174  170 455 51 22 29   14  
80 ≤≤  100  45 (°)   44   53 74   
100 ≤≤  150    80   26     
150 ≤≤  200 482    12 10 24   16  
> 200 78  30  11  22  7 21  
(°) + 90 –100000 copper cylinders (electric)       
     

Source: GB Consult Group Ltd, UK. 
(?) in Germany figures are very much estimated. 
(!) for Portugal data are estimated, and might include also DESWHs used in the 
tertiary sector (i.e. hotels). 

A.Range of standing losses for small, vertical and 
horizontal DESWHs, from the CECED database 

 



Table 18: Small DESWHs 
V Nr. Min Max Max/Min Avg. W. Avg. Lst,BC Min/Avg Max/Avg Most frequent model 
  
[l]  kWh/d      (%) (%) Nr. kWh/d  
5 22 0.21 0.40 1.90 0.29 0.30 0.29 72 137 5 0.4  
10 67 0.24 0.80 3.33 0.47 0.52 0.39 62 207 18 0.61  
15 95 0.38 2.70 7.11 0.74 0.75 0.47 81 579 30 0.8  
30 162 0.38 1.28 3.37 0.80 0.96 0.66 57 193 60 0.8  
50 199 0.5 1.55 3.10 0.89 1.19 0.88 57 176 82 1.1  
Sum 545            
n. u. 7            
Total 552            
n. u. = not usable, incomplete data sets V = volume in litre Nr. = number of models 

 
Table 19: Horizontal DESWHs 
V Nr. Min Max Max/Min Avg. W.Avg. Lst,BC Min/Avg Max/Avg Most frequent model 
  
[l]  kWh/d      (%) (%) Nr. kWh/d  
75 94 1.11 2.05 1.85 1.45 1.57 1.35 82 152 39 1.3  
80 3 1.60 2.20 1.38 1.90 2.00 1.39 115 158 2 2.2  
100 126 1.13 2.60 2.30 1.59 1.56 1.55 73 168 37 1.85  
150 126 1.20 2.05 1.71 1.76 1.84 1.95 62 105 38 1.8  
200 162 1.40 2.50 1.79 2.07 2.18 2.35 60 106 52 2.25  
250 48 2.70 2.85 1.06 2.78 2.78 2.75 98 104    
300 25 2.91 3.35 1.15 3.15 3.20 3.20 92 106    
Sum 584            
n. u. 1            
Total 585            
n. u. = not usable, incomplete data sets V = volume in litre Nr. = number of models 

 
 
Table 20: Vertical DESWHs 
V Nr. Min Max Max/Min Avg. W.Avg. Lst,BC Min/Avg Max/Avg Most frequent model  
[l]  kWh/d (%) (%) Nr. kWh/d  
75 241 0.65 2.05 3.15 1.12 1.29 1.11 59 185 60 0.98  
100 310 0.70 2.05 2.93 1.32 1.41 1.30 54 158 60 1.12  
125 19 0.90 1.90 2.11 1.21 1.25 1.48 61 129 4 1.4  
150 287 1.05 2.69 2.56 1.50 1.55 1.64 64 164 60 1.25  
200 395 1.36 3.32 2.44 1.94 1.88 1.94 70 171 60 1.55  
250 142 1.64 2.91 1.77 2.33 2.31 2.22 74 131 60 2.14  
300 119 2.10 2.95 1.40 2.60 2.65 2.49 84 119 30 2.75  
400 40 2.40 3.78 1.58 3.04 3.19 2.97 81 127 25 3.2  
450 4 2.82 3.00 1.06 2.92 2.92 3.19 88 94    
500 18 3.20 3.50 1.09 3.36 3.44 3.41 94 103 8 3.5  
600 6 3.10 4.90 1.58 3.96 4.07 3.83 81 128 2 4.6  
800 3 4.00 7.30 1.83 5.12 5.17 4.60 87 159    
1000 7 4.00 8.00 2.00 5.40 5.44 5.30 75 151 2 5.7  
Sum 1591            
n. u. 13            
Total 1604            
n. u. = not usable, incomplete data sets V = volume in litre Nr. = number of models 

A.Optimal insulation performance of DESWH 



The following table 21 gives the results of the optimal insulation thickness and the 
corresponding standard standing losses for the different European countries. 
The range of the economical optima, expressed by the corresponding standing 
losses, is between the base case and the existing best models. For the 'high tariff' 
(HT) configuration the optimal insulation performance is better (higher insulation 
thickness, lower standing losses) than for the 'low tariff' (LT) situation. 
 
Table 21: Optimal insulation thickness sopt based on l = 0,035 W/m K and 

corresponding optimal standard losses Lst,opt in kWh/day 
 sopt [m] Lst,opt [kWh/d]  

Country LT-C 200 LT-B 150 HT-B 75 LT-C 
200 LT-B 
150 HT-B 

75  
Austria 0,082 0,076 0,102 1,28 1,18 0,75  
Belgium 0,075 0,069 0,101 1,36 1,24 0,75  
Denmark 0,104 0,093 0,098 1,12 1,04 0,76  
France 0,072 0,066 0,089 1,40 1,28 0,80  
Finland 0,056 0,051 0,077 1,64 1,51 0,86  
Germany 0,075 0,069 0,099 1,36 1,24 0,76  
Italy 0,110 0,103 0,108 1,09 0,99 0,73  
Netherlands 0,068 0,062 0,087 1,45 1,32 0,81  
Portugal 0,069 0,065 0,087 1,43 1,29 0,80  
Spain 0,065 0,061 0,092 1,49 1,35 0,79  
Sweden 0,069 0,062 0,089 1,43 1,32 0,80  
U. Kingdom 0,055 0,050 0,084 1,67 1,52 0,82  
Europe 0,070 0,064 0,093 1,28..1,43..1,67 1,18..1,31..1,52 0,73..0,78..0,86  
% of base case    66..74..86 72..80..93 66..70..78  
Best on market    1,36 1,05 0,65  
% of base case    70 64 59  
Base case  0,044 0,045 0,049 1,94 1,64 1,11  

A.Results of sensitivity analysis 
 
Table 22: Long-term Multipliers 
Variables Demand Elasticity  + 10% Demand Elasticity  - 10%  
 'poor' to 'base case' 'poor' to 'efficient'  'poor' to 'base case' 'poor' to 
'efficient'  
Shipments -0.25 -0.65 0.30 0.70  
Market price - - - -  
Revenues -0.30 -0.95 0.35 0.95  
Net Income -0.75 -2.20 0.70 2.50  
R.O.E. -0.05 -0.10 0.04 0.24  
 
Table 23: Price elasticity -0.22 +20% = -0.264 

Variables 'poor' to 'base case' 
(2,5 cm to 4,5 cm) 'poor' to 'efficient' 

(2,5 cm to 8,5 cm)  
 Short Term Long Term Short Term Long Term  
Shipments -3.2 -3.3 -8.0 -8.4  



Market price 12.7 13.2 39.7 41.5  
Revenues 9.0 9.4 28,5 29.6  
Net Income -0.7 5.2 -4.3 12.6  
R.O.E. -0.6 -0.1 -1.9 -0.7  
 
Table 24: Price elasticity -0.22 -20% = -0.176 

Variables 'poor' to 'base case' 
(2,5 cm to 4,5 cm) 'poor' to 'efficient' 

(2,5 cm to 8,5 cm)  
 Short Term Long Term Short Term Long Term  
Shipments -2.2 -2.2 -5.5 -5.7  
Market price 12.8 13.2 40.3 41.5  
Revenues 10.4 10.7 32.5 33.4  
Net Income 4.2 8.1 10.3 21.  
R.O.E. -0.3 0.04 -1.0 -0.23  
 


