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EXECUTIVE SUMMARY 

This is the final Task 3 report of the preparatory review study on the Ecodesign 
Commission Regulation (EU) No. 813/2013 and Energy Label Commission Delegated 
Regulation (EU) No. 811/2013 for central heating boilers. Task 3 not only serves as an 
update of figures on usage of the product during and after its life, following the MEErP 
methodology, but it also reviews specific aspects mentioned in Article 7 of the regulations 
and evaluates the effectiveness of the current regulations in as much as can be derived 
from usage data.  

The Task 3 report gives a clear picture of the space- and water heating load of central 
heating (combi) boilers. Recent Eurostat statistics give an EU-wide picture of the energy 
sources that are used for space- and water heating per Member State, at least for the 
period since 2015 and for the residential sector. This helps also to improve the quality of 
the estimates of space heating energy in the often-underestimated services, industrial 
and other sectors.  

The main conclusion is that central heating (combi) boilers provide 40-50% of the EU28 
space and water heating demand. The EU space heating load is estimated at 2860 TWh 
of heat and the CH boilers provide 1200 TWh (42%) of that space heat, consuming 
almost 1680 TWh of primary energy (in Net Calorific Value, NCV). This comes down to an 
average space heating efficiency of 72% on NCV (66% on GCV). If the scope were 
extended to include also boilers in the range of 400kW to 1 MW, an extra 15% of space 
heating load and energy use would be covered.  

The total residential (84%) and non-residential (16%) sanitary hot water heating 
demand is 13.4 million m³ hot water/year @ 40°C, which in terms of energy equals ~8 
million m³ hot water/year @ 60°C. The net hot water content equals almost 470 
TWh/year. The (combi) boilers provide approximately half of that (235 TWh) consuming 
around 340 TWh gas and oil as well as a small amount of electricity. This gives an 
average primary energy efficiency of 69% (on NCV, 62% on GCV).  

As regards the material resources use the boilers are exemplary. New gas-boilers weigh 
less than half compared to 15 years ago. Recycling of the —mostly metal— product is 
estimated at over 90%. The main concern, not for material resources but for energy 
resources and air pollution, is the product life of especially oil-boilers: They old, highly 
inefficient types simply never break down. Some data sources mention an average 
product life of over 30 years for jet-burner boilers.  

As regards the infrastructure for CH boilers this report concentrates on the energy 
availability in the future, following the most recent Commission its strategic long-term 
vision for a climate-neutral economy by 2050. It shows that, although electrification is a 
key element, there is still a place for gaseous fuels of various kinds (hydrogen, biogas, e-
gas and even some natural gas) in a carbon-neutral society. In fact, hydrogen (and/or 
derivatives) from electrolysis of water by wind turbines and solar PV may well be the key 
for both back-up space heating as well as the storage capacity needed in low wind- 
and/or solar energy days. The section 5 concludes with a comprehensive overview of the 
often-overestimated leakage rate of refrigerants used in heat pumps.  
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ACRONYMS AND UNITS 

   Parameters 

CH Central Heating  A floor surface area building [m²] 

EC  European Commission  cair specific heat air [Wh/ m³.K]  

ECCP European Climate Change Programme  Q heat/energy [kWh] 

ED Ecodesign  q hourly air exchange [m³.h-1/ m³] 

EEA European Environmental Agency  rec ventilation recovery rate [-] 

EIA Ecodesign Impact Accounting (study)  S shell surface area building [m²] 

EL Energy Labelling  SV shell surface/volume ratio building 

ENER EC, Directorate-General Energy  t heating season hours [h] 

EnEV Energie Einsparungs Verordnung (DE)  Tin Indoor temperature [°C] 

ENTR EC, Directorate-General Enterprise  Tout outdoor temperature [°C] 

ENTRANZE Policies to ENforce the TRAnsition to Nearly 
Zero Energy buildings in the EU-27 

 U insulation value in [W/K. m²] 

EPBD Energy Performance of Buildings Directive  V heated building volume [m³] 

EPG Energie Prestatie Gebouwen (NL)  ΔT Indoor-outdoor temperature difference [°C] 

EPISCOPE Energy Performance Indicator Tracking 
Schemes for the Continuous Optimisation of 
Refurbishment Processes in European 
Housing Stocks 

 η (heating boiler) efficiency [-] 

GCV Gross Calorific Value (of a fuel)    

GIS Geographical Information System  Units  

HDD Heating Degree Days  € Euro 

HVAC Heating, Ventilation & Air Conditioning  °C degree Celsius 

IEA International Energy Agency  a annum (year) 

NACE Statistics classification by Economic Activity  bn billion (1000 million) 

NCV Net Calorific Value (of a fuel)   CO2 carbon-dioxide (equivalent) 

PBIE Building Performance Institute Europe   h hours 

pef primary energy factor  K degree Kelvin 

RT Réglémentation Thermique (FR)  kWh kilo Watt hour 

SAP Standard Assessment Procedure (UK)  m metre or million 

SCOP Seasonal Coefficient Of Performance  m² square metre 

SEER Seasonal Energy Efficiency Ratio  m³ cubic metre 

TABULA Typology Approach for Building Stock Energy 
Assessment 

 W Watt 

UHI Urban Heat Island 

VHK Van Holsteijn en Kemna (author) 
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1 INTRODUCTION  

This is the final Task 3 report of the preparatory review study on the Ecodesign 
Commission Regulation (EU) No. 813/2013 and Energy Label Commission Delegated 
Regulation (EU) No. 811/2013 for central heating boilers.  

Task 3 not only serves as an update of space and water heating load figures for the 
subsequent Tasks, following the MEErP methodology, but also reviews specific aspects 
mentioned in Article 7 of the regulations and evaluates the effectiveness of the current 
regulations in light of the original and latest EU policy objectives.  

1.1 Update (MEErP) 

According to the MEErP methodology1 Task 3 entails the following subtasks (numbering 
from MEErP): 

3.1 System aspects use phase, for ErP with direct energy consumption  

Identify, retrieve and analyse data, report on the environmental & resources impacts 
during the use phase for ErP with a direct energy consumption effect, with impact levels 
subdivided in  

   

3.1.1 a strict product/ component scope (e.g. steady state efficiency and emissions at 
nominal load, as in traditional standards) 

3.1.2 an extended product approach: considering that the ErP will be subject to various 
loads/user demands; the product scope could extend to controllability (flexibility 
and efficiency to react to different load situations, e.g. modulating burner, 
variable speed drive, ’inverter’ ), the quality of possible controls (sensors, 
actuators, central processing unit) and/or the quality of auxiliary devices that 
may or may not be part of the ErP as placed on the market (e.g. separate heat 
recovery devices such as PFHRD2) 

 Examples of possibly important factors to consider, depending on the nature of 
the ErP, are: 

 Load efficiency (real load vs. nominal capacity);  
 Temperature- and/or timer settings;  
 Frequency and characteristic of use (e.g. hours in on, standby or off mode); 
 Power management enabling-rate and other user settings; 
 Best Practice in sustainable product use, amongst others regarding the items 

above. 

 etc. 

 

3.1.3 a technical systems approach: considering that the ErP is part of a larger product 
system and –through certain features of the ErP— can influence the functional 

                                           
1 Kemna, R. et al., Methodology for Ecodesign of Energy-related Products (MEErP), VHK/COWI for the EC DG 

GROW, 2011.  
2 PFHRD= Passive Flue gas Heat Recovery Device (extracts residual heat from central heating boiler flue gas 

and uses them for sanitary hot water heating with a high energy saving potential) 
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performance and/or the resources use and emissions of that of that larger 
product system. E.g. central heating boiler regulation influencing indoor 
temperature fluctuation (discomfort), thus increasing heat demand. Other 
example: combination and possible synergy from combining strict ErP with other 
ErP (consumer electronics TV/ PC/ phone/ camera; combi-boiler with both space 
and hot water heating; hybrid boiler combining gas boiler with heat pump, etc.). 
Note that this still considers solutions of which the ErP is a physical part.  

3.1.4 a functional systems approach: considering that often there are several ways to 
realize the basic function. E.g. water-based (hydronic) heating systems versus 
air-based heating systems. Following the stipulations in the specific contract, this 
analysis will NOT be part of the review.  

3.2 System aspects use phase, for ErP with indirect energy consumption effect 

Following the stipulations in the specific contract, this analysis will ONLY be part of the 
review in as it concerns the indirect energy effects between space heating and water 
heating.  

 

3.3 End-of-Life behaviour  

Identify, retrieve and analyse data, report on consumer behaviour (avg. EU) regarding 
end-of-life aspects. This includes:  

 3.3.1 Product use & stock life (= time between purchase and disposal);  

3.3.2 Repair- and maintenance practice (frequency, spare parts, transportation and 
other impact parameters); 

 3.3.3 Collection rates, by fraction (consumer perspective); 

3.3.4 Estimated second-hand use, fraction of total and estimated second product life 
(in practice); 

3.3.5 Best Practice in sustainable product use, amongst others regarding the items 
above. 

3.4 Local Infra-structure  

Identify, retrieve and analyse data, report on barriers and opportunities relating to the 
local infra-structure regarding  

 3.4.1 Energy: reliability, availability and nature 

 3.4.2 Water (e.g. use of rainwater, possibilities for “hot fill” dishwashers); 

 3.4.3 Telecom (e.g. hot spots, WLAN, etc.); 

 3.4.4 Installation, e.g. availability and level of know-how/training of installers; 

3.4.5 Physical environment, e.g. fraction of shared products, possibilities for shared 
laundry rooms, etc. 

3.5 Recommendations  

Make recommendations on  

3.5.1 refined product scope from the perspective of consumer behaviour and 
infrastructure 

3.5.2 barriers and opportunities for Ecodesign from the perspective of consumer 
behaviour and infrastructure 

 

In principle this report is to follow the MEErP structure. Only in this case, given the size 
of the respective subjects, we will discuss in the first chapter the subtasks 3.1 –the ‘load’ 
for space heating only and in the second chapter the subtask 3.1 and 3.2 ‘load’ for combi 
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water heating. In that sense it is important to note that the current (combi-) boiler 
regulations follow an extended product approach, i.e. an approximation of real-life heat 
generator(s) efficiency with some impact of controls or add-ons, but NOT a total heating 
system efficiency with emitters, valves, etc.. Having said that, in order to make a 
realistic estimate of the load, and also preparing for scenarios in Task 7, the chapters on 
subtasks 3.1 and 3.2 (Chapters 2 and 3) will have to cover at least some aspects of that 
total technical systems approach. 

Note that the MEErP methodology was conceived to investigate new products. For review 
studies there can be shortcuts where subjects were already treated in the original 2007 
preparatory study. In that sense, the sections on subtasks 3.3 (end-of-life) will be 
relatively short. Subtask 3.4 (infrastructure) will discuss the latest Commission action 
plan and consequences in terms of the availability of energy sources. 

1.2 Review (Art. 7) 
The Article 7 (‘Review’) mentions a number of specific topics that need to be investigated 
in the review: 

For the Ecodesign regulation this involves in particular the assessment of: 

 the appropriateness of setting Ecodesign requirements for greenhouse gas emissions 
related to refrigerants, emissions of carbon monoxide, hydrocarbons and particulate 
matter; 

 the appropriateness of setting stricter Ecodesign requirements for energy efficiency, 
sound power level and emissions of nitrogen oxides; 

 the appropriateness of setting requirements for products working on gaseous and 
liquid fuels from biomass; 

 the validity of the primary energy factor (PEF); 
 the appropriateness of 3rd party certification. 

 

For the Energy labelling regulation, this involves in particular the assessment of: 

 An evaluation of the significant changes in market shares; 
 the appropriateness of the package labels and fiches; 
 the appropriateness of having other heating efficiency than the standardised heating 

season; 
 the inclusion of passive flue heat recovery devices. 

1.3 Evaluation 
Following the Better Regulation Toolbox it is important for a review of existing regulations 
to evaluate whether the regulation did/does what it was supposed to do and whether 
there was no significant negative impact as intended in Article 15 of the Ecodesign 
Directive. 

In this respect it is important to realise that Task 3 cannot give a full evaluation of the 
existing regulations because other ingredients will be part of subsequent tasks.  

It is important to realise that Ecodesign measures and Energy Labelling were 
implemented only in September 2015 and that the most recent market data refer to 
2016. This is very short to see an impact of the measures. 
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2 SPACE HEATING LOAD 

2.1 Introduction  

2.1.1 Objective of this subtask 

The main subject of this section, which is an update of Subtask 3.1 of the MEErP (system 
aspects in use-phase, with direct energy consumption), is to establish the space heating 
demand for boilers as can be derived from EU building stock size, shape, insulation, 
infiltration and ventilation as well as climate and behaviour.  

The basis for his assessment is the study on ‘Average EU building heat load for HVAC 
equipment’ 3 that was prepared for the Commission for this purpose, also in the context 
of the ongoing Ecodesign Impact Accounting (EIA) project.4 Where appropriate the 
findings were extended with a discussion of trends.  

2.1.2 Heat demand model 

The heat demand of the building Qbuilding , in kWh/a, is the effective heat that a space 
heating system needs to deliver over the heating season in order to bring and keep the 
interior space at the desired temperature for the desired time periods.  

The building heat demand is one of the two parameters —the other being the heating 
system efficiency ηheating_system— that determine the annual energy consumption of heating 
systems Qheating_energy, expressed in kWh/a.  

𝑄  =
𝑄

𝜂  
 

Modelling of the building heat load/demand has been included in preparatory Ecodesign 
and impact assessment studies, for  

 central heating boilers (Lot 1),  
 room air conditioners (Lot 10),  
 solid fuel boilers (Lot 15),  
 local space heaters (Lot 20) 
 central air heaters (Lot 21) and  
 ventilation units and central comfort air cooling (ENTR Lot 6).  

Furthermore, heat load calculations have been included in a recent study investigating 
the feasibility of Ecodesign and labelling measures for thermal insulation (Lot 35, VITO 
2014) and in the study on windows (Lot 32, ift Rosenheim/VHK/VITO, finalised 2015). 

Modelling (parts of) the average building heat demand for energy policy making has been 
the subject of several policy studies regarding energy performance of buildings (EPB) 
over the last decades, including the 

                                           
3 Kemna, R. (VHK), Average EU building heat load for HVAC equipment, prepared for the EC DG ENER C.3, 

August 2013. 
https://ec.europa.eu/energy/sites/ener/files/documents/2014_final_report_eu_building_heat_demand.pdf 

4 Wierda, L., Kemna, R. et al. (VHK), Ecodesign Impact Accounting, VHK for EC DG ENER C.3, 2013-2018. 
https://ec.europa.eu/energy/en/studies/ecodesign-impact-accounting-0 
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 European Climate Change Programme (ECCP 2001-2003); 
 Odyssee database (ongoing); 
 ENTRANZE; 
 EPISCOPE and TABULA; 
 Concerted Action in the context of the EPBD; 
 EU Buildings database (former BPIE buildings database, including inputs from 

ODYSSEE and MURE). 

Much work is ongoing and needs to be done to improve the accuracy and level of detail. 
As the subject is important for the accuracy of –amongst others— assessing Ecodesign 
and energy labelling impacts it is crucial that not only the figures from preparatory 
studies are retrieved but that the latest insights into the subject from all sources are 
considered. Having said that, the current study does not intend to generate new field 
data, but instead aims to make the best estimate from the available sources.  

2.1.3 Modelling 

The building heat demand follows from the sum of transmission and ventilation losses 
minus solar and internal gains. In this context, transmission losses are understood to 
contain not only the heat flow through the building shell (walls, windows, roofs and 
floors), but also the possible conduction losses from linear cold bridges between building 
elements. Ventilation losses include both the heat loss from infiltration of air from 
openings in the building shell (a.k.a. ‘infiltration losses’) as well as the intended air 
exchange from window openings and/or mechanical ventilation units (‘ventilation losses’ 
in a strict sense). Solar gains mainly result from solar radiation through the windows5 
and internal gains include all heat produced by people and (non-heating) appliances.  

The above parameters are common to all building heat load modelling. The complexity of 
the modelling depends on its specific purpose and can range from dynamic, finite-
element models for building science6 to static (annual) models to establish energy 
performance of buildings (EPB)7. For energy policy purposes simplified versions of the 
static model are commonly used, whereby for example the solar and internal gains are 
not calculated as separate energy entities but are implicitly taken into account through 
deductions on the indoor temperature.8  

Also, the restrictions posed by thermal mass9 (i.e. limiting the night setback 
temperature) as well as the internal heat transfer between various heated and unheated 

                                           
5 With ‘windows’ it is intended —in this report— all transparent and semi-transparent building elements. 
6 CFD (Computational Fluid Dynamics) thermal and flow models. 
7 For example EN ISO 13790:2008 (Thermal performance of buildings - Calculation of energy use for space 

heating and cooling) or similar models used in national building codes related to energy performance of 
buildings. 

8 This is e.g. the case in the calculation of heating degree days (HDD). Also in Ecodesign studies for space 
heating and –cooling appliances this is the common practice (compare e.g. bin-hours discussed hereafter) 

9 Thermal inertia of the building mass influences dynamic heating behaviour (heat-up, cool-down). It may have 
an impact on indoor temperature setback regimes. For instance, in a ‘heavy’ construction night-time setback 
may result in only one or two degrees lower night-time temperature at the expense of a high power (less 
efficient) heat input from the boiler in the morning to get the temperature back to a comfortable day-time 
temperature. In a ‘light’ building construction a night-time setback is more useful (saving much more). For 
a simple model, however, assuming an ‘average’ thermal building mass these effects are assumed to even 
out. For more details, see e.g. the Ecodesign preparatory study on Lot 1, Task. Likewise, where building 
orientation —especially window orientation— is relevant for the heat load of individual houses it is assumed 
that, even if there is an average prevalence (e.g. less east-oriented windows), the effect evens out and will 
be implicitly taken into account in other parameters. Or prevalent average building orientation and position 
(near mountain, near sea, urban versus rural area) in combination with the influence of wind, solar radiation 
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zones are not explicitly incorporated in the model, but again are assumed to be 
considered in the reference indoor temperature.  

These simplifications do not make the policy-oriented models less valid; they merely 
treat certain related clusters of technical parameters at a more aggregated level. 

In the policy-oriented models, the instantaneous transmission losses are the product of 
the indoor-outdoor temperature difference (in degrees Kelvin, K), the shell surface area 
(in m²) and the thermal transmission coefficient (usually the ‘U-value’ in W/K.m²). The 
shell surface area is subdivided in wall-, window- , roof- and floor-area, each with their 
respective U-values10, in order to produce a shell-surface weighted average U-value.  

The ventilation losses are the product of the indoor-outdoor temperature difference (in 
K), the building volume (in m³), the hourly air exchange (in m³.h-1/m³), the specific 
heat capacity of air (in W/m³.K) and the remaining fraction after taking into account heat 
recovery (dimensionless).  

Several (national) building energy performance standards use the practice of expressing 
solar gains as a default value (in W/m²) or a percentage of the indoor-outdoor 
temperature value in generic energy policy studies11. The same goes for the internal 
gains. This is the reason why, instead of the real average daily indoor temperature of 18 
°C 12, simple models often use a reduced indoor temperature of 16 °C.  

A comprehensive assessment of solar heat gains for an individual building or dwelling is 
not a simple task. It results from the local solar radiation (in W/m²) as well as the 
orientation, position and geometry of the building (-windows) and surroundings. Outdoor 
ambient temperatures are taken from meteorological data for reference locations. 
Relative humidity is not considered, because its effect is negligible for the determination 
of the space heating load.13  

The textbox below shows the equation for the annual building space heating demand that 
will be used in this report. 

                                                                                                                                    
and heat island effect (cities being warmer as buildings are closer together) if parameters deviate from the 
average.  

10 As mentioned this includes the possible effect of cold bridges. 
11 Note that this is the simplest possible form and only admissible for policy studies at the highest aggregation 

level, e.g. EU totals. Also, technical studies would typically incorporate the daily global solar irradiance, e.g. 
in kWh/m² per day (for a specified plane) in the equation.  

12 A temperature of 18 °C is widely accepted as the average indoor temperature in the heating season. In 
residential dwellings it is a surface-weighted and time-of-day weighted average of living rooms (20-21 °C), 
bed rooms (16-17 °C), kitchen (18 °C) and bathroom (24 °C) with an average daily setback-regime. In a 
non-residential setting it is typically an average of daytime (21-22 °C) and night-time/weekend (17 °C) 
temperatures e.g. for offices and other tertiary sector buildings.  

13 For space cooling the relative humidity (RH) of the outdoor air is relevant. For instance, when cooling air of 
28 °C @80% RH (quite common in e.g. Southern Europe) to 22 °C @100% RH, there is some 5 g/m³ that 
will condense. At a specific condensing heat of 2256 kJ/kg (627 Wh/kg) this means that, on top of the 
‘normal’ specific heat of air in the formula, some 20-30% extra energy will be consumed.  
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To find the EU aggregate, the value of Qbuilding can be multiplied by the number of 
buildings, or –and this approach is chosen here— one can relate the values of S and V 
not to a ‘building’, with all its definition problems, but to the EU total heated shell surface 
and EU total building volume respectively.  

The simple representation of Qbuilding is in line with ISO EN 13790 and other EU or national 
standards for the calculation of the annual building space heating demand14. It is also in 
line with the heat load formulas in preparatory Ecodesign studies, for Lot 1 (central 
heating boilers), 10 (room air conditioners), 15 (solid fuel boilers), 21 (central air 
heaters) and ENTR Lot 6 (ventilation units and central air coolers).  

It may be difficult to read the similarities with more complex formulas in standards, 
because the formula contains several elements implicitly. For instance, instead of using 
the shell surface S directly, many formulas use the multiplication of building volume V 
and the SV (also ‘AV’) ratio.  

S = SV ∙ V 

SV is the ratio between the shell surface and the volume.  

Also, consider that ΔT implicitly contains the correction for internal and solar gains.15 

                                           
14 EnEV (Germany), SAP (UK), RT (France), EPG (Netherlands), etc.. 
15 For instance, in formula: ΔT = Tin – Tout , with Tin=corrected indoor temperature [°C] and Tout = outdoor 

temperature [°C], where 
Tin= Tref ∙ [1 – (Qgain + Qsol)/Qbuilding] with Tref = real average indoor temperature e.g. 18 [°C]; Qgain= internal 
gain [kWh/a]; Qsol = solar gain [kWh/a]; Qbuilding = space heating demand [kWh/a], determined 
experimentally. 
And then Qsol can be refined further: Qsol= F ∙ qsol ∙ sgf, , with Qs ol = solar gain [kWh/a]; F=heated floor area 
[m²]; sgf = solar gains factor, depending on window size, -position, g-value, orientation, shadowing, etc.; 
qsol = global solar irradiance over the heating season in kWh/m².a (= sum of global solar irradiance per day 
or hour over heating season days or -hours). 

Annual building space heating demand 

Qbuilding = 0.001 ∙ ΔT ∙ theating ∙ [ S ∙ U + V ∙ q ∙ (1-rec) ∙ cair ] 

 

where 

Qbuilding is annual building space heating demand [kWh/a], 

ΔT is indoor-outdoor temperature difference corrected for solar and internal gains [K] 

theating is heating season hours [h/a], 

S is heated shell surface area, built from areas for exterior walls, windows, floor, roof [m²], 

U is the average thermal transmission coefficient derived from shell surface area weighted 
specific U-values [W/m².K], 

V is heated building volume [m³], 

q is hourly air exchange [m³.h-1/m³], 

rec is the fraction of heat recovered from outgoing air [-], 

cair is specific heat capacity air [0.343 Wh/m³.K], 

0.001 is the conversion factor from Wh to kWh. 
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2.2 Time and temperatures 
2.2.1 Introduction 

The temperature difference ΔT [in °C or K] relates to the difference between the outdoor 
temperature [in °C] and the indoor temperature [°C], corrected for internal and solar 
gains, during the heating season hours.  

In general, ‘heating season’ refers to the calendar period in which input from space 
heating devices may be required. In the EU this may vary between 4 months (e.g. 
Portugal) and 9 months (e.g. Sweden, Finland), with approximately 7 months as an 
average.  

In the context of the modelling ‘heating season hours’, represented by parameter theating 
[in h], refers specifically to the number of hours in a year where the outdoor 
temperature, rounded to whole numbers, is 15 °C or lower. 

The following paragraphs discuss outdoor temperature values from various sources 
(section 2.2.2) and the available indoor temperature values with corrections for solar and 
internal gains (section 2.2.3).  

2.2.2 Outdoor temperature and heating season 

2.2.2.1 Reference values from Ecodesign preparatory studies 

In the context of preparatory studies for the Ecodesign regulations for heat pumps (Lot 
1, VHK) and room air conditioners (Lot 10, Armines) the average outdoor temperature 
was determined on the basis of meteorological data for the EU25 (in 2006-2007). Based 
on the PVGIS database (JRC-Ispra) outdoor temperatures per Member State capital and 
per average month-day, for 12 months, was established. Every month-day was 
subdivided in 5 periods that are relevant for space heating purposes: morning 7-9h 
(heat-up after night setback), midday 9-16h (low occupancy, largest solar contribution), 
evening 16-21h (high occupancy, maximum heat demand in most of dwellings), late 
evening 21-23h (medium occupancy, possible anticipation of setback), and night 
(setback-period).  

This assessment has been updated for the EU28 and the results are shown in Annex I. 

At the end of the Table some population-weighted averages are shown. The average 
EU28 whole year outdoor temperature (population weighted) is 11.2 °C, whereas for the 
typical heating season from October to April the average is 6.6 °C.  

The number of heating hours can be calculated by taking only hours from day-periods 
where the rounded temperature value is 15 °C or lower, i.e. where the temperature is 
lower than 15.5 °C. In the period October to April this results in 4917 heating hours (out 
of a total of 5110 hours) for the EU28 average. The average outdoor temperature strictly 
during these hours is 6.2 °C. Considering the influence of the thermal mass of the 
building there will be a carry-over from the non-heating hours in that period. For that 
reason, it is considered that 6.5 °C is a plausible average.  

2.2.2.2 Reference values in Ecodesign regulations 

As mentioned in the previous paragraph, the EU reference climate was a subject in the 
preparatory studies because it is relevant for the performance of heat pumps and air 
conditioners.  
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Instead of using a fictitious average, the meteorological data of Strasbourg-France 
(average climate), Helsinki-Finland (colder climate) and Athens-Greece (warmer climate) 
were chosen16. Table 1 below gives the relevant data.  

Table 1. Bin-tables in Commission Del. Regulation 811/2013 (Central Heating Boilers) 

outdoor temperature 
bin 

Climate conditions outdoor temperature 
bin 

Climate conditions 
Average Colder Warmer Average Colder Warmer 

T [°C] h/a h/a h/a T [°C] h/a h/a h/a 
–30 to –23 0 0 0 -3 89 306 0 

-22 0 1 0 -2 165 454 0 
-21 0 6 0 -1 173 385 0 
-20 0 13 0 0 240 490 0 
-19 0 17 0 1 280 533 0 
-18 0 19 0 2 320 380 3 
-17 0 26 0 3 357 228 22 
-16 0 39 0 4 356 261 63 
-15 0 41 0 5 303 279 63 
-14 0 35 0 6 330 229 175 
-13 0 52 0 7 326 269 162 
-12 0 37 0 8 348 233 259 
-11 0 41 0 9 335 230 360 
-10 1 43 0 10 315 243 428 
-9 25 54 0 11 215 191 430 
-8 23 90 0 12 169 146 503 
-7 24 125 0 13 151 150 444 
-6 27 169 0 14 105 97 384 
-5 68 195 0 15 74 61 294 
-4 91 278 0 total hours 4910 6446 3590 

     bin-hours 53706 93661 18701 
avg. bin [°C] 5.1 1.5 10.8 

 

 

Note that the total heating hours for the Strasbourg climate (4910h) is practically 
identical to what was found as an average in the previous paragraph (4917h). The 
average outdoor temperature, however, is 1.4 °C lower than the EU average (5.1 versus 
6.5 °C). Figure 1 shows the 3 EU locations and the temperature data graphically. For 
comparison, also US and Japanese data are shown.  

                                           
16 Data derived from IWEC files (International Weather for Energy Calculations), publicly available through 

Energy Plus. See http://apps1.eere.energy.gov/buildings/energyplus/weatherdata_sources.cfm 
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Legend: orange=warm (indicative lowest bin temperature ~0°C),  

green=average (−10°C), shades of blue =cold (−20°C, −30°C, −40°C) 
(source: VHK, MEErP Part 2) 

 

Figure 1. Comparison of winter climates US, EU, Japan; with degrees longitude 

 

The table shows ‘bin-hours’, which is a sort of heating degree hours and the use of the 
tables in heat load calculations is known as the ‘bin-method’. A ‘bin’ is a rounded17 
outdoor temperature value that is occurring during a number of hours over the heating 
season. The number of bin-hours is the multiplication of the difference between the bin-
value and a reference temperature of 16 °C with the number of hours of the bin-value 
occurring over the heating season.18 For the Strasbourg climate, with 4910 hours at an 
average outdoor temperature of 5.1 °C (difference 16-5.1=10.9) this results in 53 706 
bin-hours.  

The average bin-hours established from meteorological data in the previous paragraph, 
with 4917 hours at an average outdoor temperature of 6.5 °C (difference 16-6.5=9.5) 
amounts to 46711 bin-hours, i.e. 13% lower. 

2.2.2.3 Eurostat heating degree days 

Eurostat publishes climate data in the form of heating degree days (HDD). For 2009 
Eurostat established 3076 HDD and 3032 HDD in 2017.  

The text box shows the way the heating degree days are calculated, which is 
considerably different from the calculation of bin-hours.  

                                           
17 Integer= whole numbers = rounded without decimals, e.g. ‘10’ is anywhere between 9.5 and 10.5 °C. 
18 The resulting distribution of bin-hours is a measure of the distribution of the space heating load, i.e. between 

the 16 °C bin (zero heating) and the design temperature (maximum heating). The design temperature is 
the lowest outdoor temperature that the heating system still has to cope with, which is considerably lower 
than the lowest average temperature that is shown in Table 1. For the average climate the design 
temperature is -20 °C.  
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Heating Degree Days (Eurostat) 

Eurostat defined the following method for the calculation of heating degree days: 

(18 °C - Tm) x d if Tm is lower than or equal to 15 °C (heating threshold) and nil if Tm is higher 
than 15 °C, where  

Tm is the mean (Tmin + Tmax / 2) outdoor temperature over a period of d days. Calculations are 
to be executed daily (d=1), added up to a calendar month -and subsequently to a year- and 
published for each Member State separately. 

 

The bin-hours, even if they are a sort of heating degree hours, cannot simply be 
transformed into Eurostat’s heating degree days (HDD) through a division by 24. 
Eurostat uses a threshold temperature of 15 °C, but after that the reference temperature 
is 18 °C and not 16 °C. Furthermore, Eurostat establishes an average day temperature 
from the mean of the minimum and maximum temperature in a day, instead of 
averaging the hourly values.  

But the most important difference between the average climate bin-hours and the 
Eurostat average HDD is that the latter is a surface weighted-average of the heating 
degree days in the European Union’s NUTS2-regions. In other words, the Eurostat HDD 
average is largely a geographical average that does not take into account the population 
density (~the density of the building stock), whereas the reference values from the 
preparatory studies in par. 3.2.1 relate to the most densely populated part of a Member 
State, i.e. the weather station closest to the capital, and then weight the temperature 
values per Member State data by population. Attempt was made to check whether the 
Eurostat HDD average could be consistent with the average meteorological data. Table 2 
shows the result when the Eurostat heating degree days, at Member State level, are 
weighted for the population. The population-weighted average now becomes 2670 HDD.  

Table 2. Population weighted average heating degree days HDD for EU28, 2009 (VHK calculation 
based on Eurostat database extract April 2014) 

EU28 Member State HDD population 
 

EU28 Member State HDD population 

Belgium 2 696 10 753 080   Luxembourg 2 967 493 500 

Bulgaria 2 403 7 606 551   Hungary 2 594 10 030 975 

Czech Republic 3 327 10 467 542   Malta 499 413 609 

Denmark 3 235 5 511 451   Netherlands 2 727 16 485 787 

Germany  3 063 82 002 356   Austria 3 301 8 355 260 

Estonia 4 302 1 340 415   Poland 3 439 38 135 876 

Ireland 2 841 4 450 030   Portugal 1 166 10 627 250 

Greece 1 449 11 260 402   Romania 2 773 21 498 616 

Spain 1 686 45 828 172   Slovakia 3 160 5 412 254 

France 2 340 64 350 226   Slovenia 2 774 2 032 362 

Croatia 2 316 4 435 056   Finland 5 596 5 326 314 

Italy 1 829 60 045 068   Sweden 5 291 9 256 347 

Cyprus 600 796 875   United Kingdom 2 990 61 595 284 

Latvia 4 161 2 261 294   Total   504 121 824 

Lithuania 3 931 3 349 872   Weighted average 2670   
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Figure 2. Eurostat HDD (2007-2018) population weighted (yes/no) plus multi-annual trend 

In the Annex, the average Eurostat HDD was also recalculated at NUTS 2 level and the 
value further decreased to 2635 HDD (2009). Eurostat’s HDD data are not available for 
the EU28 at a more detailed level than NUTS 2, but if they were, the number would 
probably decrease even more.  

If the bin-hours are recalculated with a reference temperature of 18 °C instead of 16 °C 
the temperature difference becomes 11.5 °C (18 – 6.5 = 11.5). Furthermore, considering 
that most people live in the friendlier climate zones of the country (near the sea, less in 
the mountains) this may account for another 1-2 °C structural difference. The 
temperature difference now becomes 13 °C (18 – 5 = 13). The resulting number of bin-
hours is 63921 (4917 x 13) or 2663 ‘bin-days’. This is —given the other uncertainties of 
this approximate comparison— close enough to the (population weighted) Eurostat value 
of 2670 HDD to claim consistency. 

A preliminary conclusion is that the absolute average number of heating degree days 
calculated by Eurostat is not representative for the number of heating degree days 
experienced by the average EU building stock.19 The Eurostat average (3076 HDD) is 
surface-weighted and at least 14% higher than a population-weighted average (2635 
HDD, assessed at NUTS 2 level).  

In terms of the outdoor temperature for the average EU building this means that the 
actual temperature during the heating season, experienced by the EU building stock is at 
least 2.5 °C higher than the temperature that is apparent from the Eurostat data.  

As far as outdoor temperature data are available, it seems that the population-weighted 
meteorological data per country capital city are currently the best choice. This 
assumption will be further explored in the next paragraph that is looking at local 
temperature differences and the influence of the urban heat island.  

2.2.2.4 Local temperature differences and urban heat islands 

In the previous section it was assumed that the outdoor temperatures of capital cities in 
the EU is a more accurate representation of the actual outdoor temperature for the 
average building than the ‘geographical’ NUTS 2 average temperatures used by Eurostat 
                                           
19 Note: The relative Eurostat data are valuable to indicate trends and –as absolute numbers—they are useful 

for surface-related impacts. The statement only refers to the use of average absolute HDD numbers in 
energy calculations for buildings. 
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to define the heating degree days (HDD). In this paragraph that assumption will be 
discussed in more detail to describe the uncertainties of that choice in the light of specific 
local temperature characteristics. These characteristics relate for instance to the 
proximity to the sea, creating a relatively milder climate (warmer in winter, colder in 
summer), or in a mountainous area, creating a relatively colder climate throughout the 
year. A special case is the outdoor temperature in urban areas, where the Urban Heat 
Island (UHI) effect results in a considerably warmer climate —both in winter and in 
summer— than in the rural areas. The extent of the effect will be discussed, using the 
most recent literature findings. 

Coastal Regions 

Eurostat defines ‘coastal regions’ as the NUTS 3 areas20 where over 50% of the 
population is living less than 50 km from the sea. Some 23 out of 28 EU-Member States 
have coastlines and in 2008 approximately 41% of the EU population lived there21. Of 
these 205 million people, 36% live near the Mediterranean and 30% are situated near 
the North East Atlantic Coast. Of the EU capitals around 6 out of 10 are situated in a 
coastal region, with London, Athens and Rome being the largest. The exceptions include 
some very large cities like Paris, Berlin and Madrid, so in terms of the population (and 
buildings) in the capitals there is still only about 40-45% living near a coastline.  

 
(Source: Eurostat, Statistics in Focus 38/2010) 

Figure 3. Share of population living within 50 km from the coastline, NUTS 3, 2001 

                                           
20 NUTS 1: major socio-economic regions (e.g. country or region); NUTS 2: basic regions for the application of 

regional policies (e.g. province); NUTS 3: small regions for specific diagnoses (e.g. arrondisement). See also 
http://epp.eurostat.ec.europa.eu/portal/page/portal/nuts_nomenclature/introduction. 

21 Member States without a coastline are Czech Republic, Slovakia, Hungary, Austria, Luxemburg. Member 
States that wholly consist of ‘coastal regions’ are Denmark, Cyprus and Malta. In Germany only 9% of the 
population lives in a coastal region.  
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Mountain regions 

‘Mountain regions’ are defined not only by altitude but also by the slope within the 
boundaries of the NUTS 5 areas (municipalities).22 In that sense it is found that the 
‘mountain regions’ occupy 35.6% of the EU surface area23 and are inhabited by 17.7% of 
the EU-population24. The Netherlands, the Baltic States and Malta have no mountains. 
The EU Member States with the highest mountain surface areas are Spain, Sweden and 
Italy. Around half of the 90 million EU mountain population lives near the Mediterranean 
or in otherwise mild climate zones (Portugal). This includes Italy (18 million), Spain (16 
million), Greece (5 million), Portugal (almost 3 million) and a part of the French 
mountain population (total 9 million). The harshest mountain climates can be found in 
Northern Europe, but population density is low. EU capital cities with an elevation higher 
than or equal to 300 m include Madrid (667 m), Sophia (569 m), Luxembourg (305 m) 
and Ljubljana (300 m). 

 
(Source: NORDREGIO, 2004) 

Figure 4. Mountainous EU municipalities, because of climate conditions (blue) or topographic 
conditions (green), defined at NUTS 5 level 

Urban-rural typology 

More than half (51.3% in 2012) of the EU’s land area and 112.1 million people (22.3% of 
total) are within regions classified as being predominantly rural. Just under two fifths 
(38.7%) of the area and more than one third (35.3%) of the EU’s population are living in 
intermediate regions (towns, suburbs), while predominantly urban regions (around 900 

                                           
22 NORDREGIO, Mountain Areas in Europe, European Commission contract, Final Report, Jan. 2004.  
23 1 563 800 km² mountain municipality area on total 4 395 000 km² total EU-27 land area. 
24 85.3 million people on a EU27 population of 480 million in 2000 (approx. 90 million on 503 million in 2011).  
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cities) make up just 10.0% of the land area but account for 42.4% of the population.25 
Partitioning the intermediate region equally, over 60% of the EU population can be said 
to be living in urban areas. Considering that the average family size is on average some 
10% lower in urban areas, it can be estimated that the number of primary dwellings in 
urban areas is even higher (over 65% of total primary dwelling stock).  

 

 
Figure 5. EU urban-rural typology by NUTS 3 region. Source: Eurostat, Regional Yearbook, 2013 

 

A first inventory 

Table 3 gives selected geographic, demographic and regional typology characteristics of 
the EU capital cities and at the bottom line compares them to the EU averages discussed 
in the previous paragraphs. There is no pretention of ‘scientific proof’ but as regards the 
proximity to the sea (coastal regions), the table indicates that the average capital is fairly 
representative of the EU average. As regards the location in mountainous areas, it 
appears that on average more Europeans are living in the mountains than would be 
apparent from the data for average capital cities. Having said that, it must also be 

                                           
25 Source: Eurostat, Regional Yearbook, 2013. Analysis based on NUTS 3 definition (2010 classification) 
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considered that there may some dispute as regards the definitions used in the statistics, 
i.e. also including certain lowland areas. Also, the fact that large part of the mountain 
population is living in the Mediterranean area (Italy, Spain, Greece) may count for 
something if it were possible to construct a truly complete picture of the ‘average’.  

Table 3. EU Capital cities by position, altitude, population and type of region 

Capital Latitude 
(deg) 

Longitude 
(deg) 

Altitude 
(m) 

Population 
(000) 

Coastal Mountain 

1=Yes 
popu-
lation 1=Yes 

popu-
lation 

1 Wien, AT 48 16 188 1687 0 0 0 0 
2 Bruxelles, BE 51 4 79 1159 0 0 0 0 
3 Nicosia, CY 35 33 41 234 1 234 0 0 
4 Prague, CZ 50 14 203 1246 0 0 0 0 
5 Københaven, DK 55 12 12 559 1 559 0 0 
6 Talinn, EE 59 25 0 407 1 407 0 0 
7 Helsinki, FI 60 25 9 1033 1 1033 0 0 
8 Paris, FR 49 2 46 6508 0 0 0 0 
9 Berlin, DE 53 13 39 3501 0 0 0 0 
10 Athina, GR 38 24 48 2989 1 2989 0 0 
11 Budapest, HU 47 19 113 1727 0 0 0 0 
12 Dublin, EI 53 -6 18 1261 1 1261 0 0 
13 Roma, IT 42 12 28 2639 1 2639 0 0 
14 Riga, LT 57 24 10 649 1 649 0 0 
15 Vilnius, LI 55 25 204 533 0 0 0 0 
16 Luxembourg, LU 50 6 305 90 0 0 1 90 
17 Valletta, MT 35 14 71 203 1 203 0 0 
18 Amsterdam, NL 52 5 10 1022 1 1022 0 0 
19 Warszawa, PL 52 20 108 1715 0 0 0 0 
20 Lisboa, PO 39 -9 13 1860 1 1860 0 0 
21 Bratislava, SK 48 17 157 415 0 0 0 0 
22 Liubljana, SI 46 15 300 280 0 0 1 280 
23 Madrid, ES 40 -4 667 3233 0 0 1 3233 
24 Stockholm, SE 59 18 28 1580 1 1580 0 0 
25 London, UK 51 0 17 8174 1 8174 0 0 
26 Bucuresti, RO 44 26 88 1883 0 0 0 0 
27 Sofia, BU 42 23 569 1208 0 0 1 1208 
28 Zagreb, HR 45 16 122 1200 0 0 0 0 

Average/Total Capitals 124.75 48 995 13 22610 4811 
Share of total capital population 46% 10% 
Share of total EU population 41% 17% 
                  
Source for population : Eurostat (online data code: urb_cpop1), population 1.1.2012 (relates to greater city 
where applicable) 

 

Seemingly the most obvious drawback of using the outdoor temperature in capital cities 
to represent the EU average temperature for buildings is in the fact that they are all 
cities, whereas the statistics show that only around 65% of the EU buildings are in urban 
areas. But here it is important to consider that the outdoor temperatures of cities in JRC’s 
PVGIS26 and most building-related databases are measured not in the city centre, but in 
the most convenient places for weather stations. Typically, this would be at airfields or 
other unobstructed places outside the city in suburban but mostly even rural areas. For 
instance, the temperatures for the city of Paris (France) in weather reports and long-term 
temperature time series (e.g. from Eurostat’s heating degree days) come from the 
airport of Paris, Orly and not from the weather station at the Eiffel tower. 
Meteorologically there may be good reasons for that, e.g. to obtain measurements that 

                                           
26 http://re.jrc.ec.europa.eu/pvgis/ 
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are not disturbed by accidental local disturbances, but —as the next paragraph will 
explain— for the building physics it makes a significant difference which temperature is 
used. 

Urban Heat Island 

A city constitutes a large thermal mass of roads, buildings and other infrastructure 
components, which capture the solar heat during sunlight hours and give off the heat 
during the evening and night. The buildings are placed close together, shield each other 
from wind and reflect solar radiation not only outward but also on each other27. This 
makes average outdoor temperature in urban areas significantly higher than in the rural 
areas, especially in the evening and night, especially in Southern Europe and most 
pronounced in the middle of summer and winter.  

Although the Urban Heat Island effect has been recognised for several decades, it has 
mostly been treated as a separate, undesirable side-effect of the growing urbanisation, 
leading to heat stress (thermal discomfort, also increased by the higher humidity) and 
higher air conditioning energy consumption in the summer. Proposed solutions include 
more trees and vegetation or, for those who can, fleeing the cities in the summer.  

The positive effect of the UHI-effect on diminished space heating demand in the winter 
has hardly been addressed. Most national building codes and standards calculate the 
space heating requirements of buildings with the rural (‘airport’) temperature data.  

For instance, Poli et al. 28 have looked into the test reference year data (TYR) that is used 
in dynamic energy demand simulation software used for the city of Milan (Italy) and have 
compared it with the real temperatures in the city. The traditional TYR data, e.g. from 
IWEC or IGDG29, are all based on observations by weather stations in the airports of 
Linate or Malpensa. They have compared it with temperature observations in the city 
centre, i.e. at Piazza Duomo, over a long period. The latter temperatures were 4 to 6 °C 
higher in the summer period June-August, but also in the winter period December to 
February.  

Poli et al. calculated the effect on the space heating and cooling load of a typical building 
with a U-value of 1 W/m².K and 20% glass façade. For the space heating the energy 
consumption with real TYR data was found to be 33% less than calculated with the 
traditional TYR. The space cooling energy, on the other hand, was found to be 30 to 40% 
more. With a better building insulation (lower U-value) the differences between models 
with the traditional and the real TYR data were found to be even higher.  

The relative humidity (RH) in summer was about the same in both the new and 
traditional TYR —around 80%— but this means that the absolute humidity was much 
higher than in the traditional TYR and the ‘sensible temperature’ 30 difference with rural 
areas could be as high as 9 °C.  

                                           
27 Compare: ‘urban canyon’ effect. 
28 Poli, T. et al. (Politecnico di Milano BEST/ Osservatorio Meteorologico di Milano Duomo), The influence of the 

urban heat island over building energy demand: The case of Milan, paper at the 7tht International 
Conference of Urban Climate, 29 June – 3 July 2009, Yokohama, Japan. 

29 IWEC International Weather for Energy Calculations; IGDG ‘Gianni De Giorgio’ 
30 The scientific name is the discomfort index (DI); this index estimates the effective temperature and 

describes the degree of discomfort at various combinations of temperature and humidity (Toy, Yilmaz, and 
Yilmaz 2007). DI is defined in terms of AT measured in degrees Celsius and relative humidity in percentage 
(f ): DI = AT− (0.55− 0.0055f)(AT − 14.5). 
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Sobrino et al. 31 found similar values for the city of Madrid, but his focus was more on the 
UHI-effect over a day, where it was found that at noon –in the months of June and July— 
there was practically no UHI effect. At night the UHI effect on the air temperature was 
strongest (4-6 °C) and in the morning the effect was 2.5 to 3 °C.  

In the Northern part of Europe the UHI effect is also studied, again not from the angle of 
correcting national building codes but by meteorological institutes that want to determine 
which part of their data may be influenced by the UHI effect and which part comes from 
global warming.  

Cantat32 finds that the city of Paris records a mean thermal positive anomaly of 3 °C 
during the night, which almost totally vanishes during the day. 

Hamdi33 of the Belgian Royal Meteorological Institute (KMI), estimated the UHI effect on 
the time series of Uccle (Brussels) between 1955 and 2005. He found that the UHI effect 
in 2005 was in the order of 1.7 °C (related to the minimum/night temperature) and that 
over the 50 year period it had been rising at a rate of 0.19 °C per 10 years.34 These 
values are more modest than in Madrid or Milan, but if one considers that 1 °C 
temperature difference may save up to 10% in energy it is certainly not negligible.  

In the Netherlands, the UHI effect was measured over a long time period between the 
small town of the De Bilt and the centre of the medium sized city of Utrecht (around 
350 000 inhabitants)35. The temperature difference was found to be 1.5 °C at (minimum) 
night temperatures and 0.6 °C at (maximum) daytime temperatures.  

Further North, e.g. in Stockholm and Hamburg, UHI effects of 1.2 °C on the minimum 
temperatures were found. 36 

At this point in time, only anecdotal data is available on the UHI-effect and we are still a 
long way from finding a statistically sound average value for the effect on the average EU 
building. However, based on the anecdotal data the best possible estimate would be –
according to the authors— at least a 2 °C difference between the ‘official’ minimum 
outdoor temperature values for urban areas and the actual values, because of the UHI-
effect. Assuming the buildings in urban areas to represent 65% of the total number of 
buildings, this would suggest a correction of 1.3 °C. However, it also must be taken into 
account that the UHI-effect relates mainly to night-time temperatures and that a large 
part of the heating/cooling installations are subject to a night-setback regime between 
23h at night and 7h in the morning. Therefore, we assume only half of the UHI-effect will 

                                           
31 Sobrino, J.A. et al. (University of Strasbourg, France), Evaluation of the surface urban heat island effect in 

the city of Madrid by thermal remote sensing, International Journal of Remote Sensing, 2013, Vol. 34, Nos. 
9-10, pp. 3177-3192.  

32 Olivier Cantat, L’îlot de chaleur urbain parisien selon les types de temps - Weather types and Urban Heat 
Island in Paris, NOROIS revue, 2004/2, p. 75-102. 

33 Hamdi, Rafiq (Koninklijk Meteorologisch Instituut), Estimating Urban Heat Island Effects on the Temperature 
Series of Uccle (Brussels, Belgium) Using Remote Sensing Data and a Land Surface Scheme, Remote 
Sensing, 10.12.2010, 2, pp. 2773-2784.  

34 The maximum (afternoon) temperature UHI effect was 0.6 °C and had been rising at a rate of 0.06 °C per 
10 years.  

35 Brandsma, T. and D. Wolters (KNMI), Measurement and statistical modeling of the urban heat island of the 
city of Utrecht (the Netherlands), Journal of Applied Meteorology and Climatology, 2012, 51, 1046-1060, 
doi:http://dx.doi.org/10.1175/JAMC-D-11-0206.1. 

36 Richter, M. et al., Observed Changes in Long-Term Climatic Conditions and Inner-Regional Differences in 
Urban Regions of the Baltic Sea Coast, Atmospheric and Climate Sciences, 2013, 3, 165-176. 
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influence the average space heating/cooling load in the EU and the estimated UHI-
correction should be in the order of 0.6 to 0.7 °C.  

Outdoor temperature correction for products covered by regulation 

The Ecodesign (draft) regulations address most of the space heating and cooling 
equipment, but not all equipment. District heating plants, direct use of geothermal heat, 
use of derived heat from large CHP installations or steam and large conventional boilers 
are not covered.  

Most of these not (yet) covered products are fairly evenly distributed in the EU and there 
is no reason to assume a difference in the average outdoor temperature for products that 
are covered and those products that are not covered.  

The exception is district heating. As already mentioned in par. 3.3.1, the countries with a 
cold climate tend to have a much higher share —between 40 and 60%— of district 
heating than the rest of the EU. These are all Scandinavian Member States, the Baltic 
states, but also Eastern European countries.  

Table 4 recalculates the bottom lines of the table 2b in the Annex, which resulted 
previously in an EU average outdoor temperature of 6.6 °C, including district heating 
buildings. When excluding the district heating share (based on the residential share), the 
new EU average outdoor temperature of products in the Ecodesign scope is 7.0 °C.  

Table 4. Correction of the heating season average outdoor temperature for space heaters, 
excluding District Heating (DH) [compare Table 2b in the Annex] 

EU28 AT BE BU CR CY CZ DK EE FI FR DE GR HU EI IT LT LI LU MT NL PL PO RO SK SI ES SE UK 

Temperature 
incl. DH, in °C 6.6 4.5 6.7 4.5 5.5 14.8 3.6 3.9 0.3 -0.5 7.4 4.3 11.3 4.6 7.6 11.3 0.9 0.5 5.3 14.4 6.5 2.4 13.5 4.1 4.6 5.6 9.5 1.9 7.6 

Population share 
% 100 1.6 2.1 1.4 0.7 0.1 1.9 1.2 0.3 1.2 13.3 18.4 1.9 2.0 0.7 12.4 0.4 0.6 0.1 0.1 3.6 6.9 1.8 3.4 1.3 0.3 7.0 2.1 13.2 

DH share % * 13.4 19.3 0.2 15.7 7.9 0 36.9 58.1 49.9 49.4 6.8 14.1 0.8 14.8 0.1 1.9 53.7 57.3 0 0 4.1 52.8 0.0 17.6 40.9 14.2 0.0 40.5 2.1 

non-DH share % 86.6 1.3 2.1 1.1 0.6 0.1 1.2 0.5 0.1 0.6 12.4 15.8 1.9 1.7 0.7 12.2 0.2 0.3 0.1 0.1 3.5 3.3 1.8 2.8 0.8 0.3 7.0 1.2 12.9 

non-DH 
population % 100.0 1.5 2.5 1.3 0.7 0.1 1.4 0.6 0.2 0.7 14.3 18.2 2.2 2.0 0.8 14.0 0.2 0.3 0.1 0.1 4.0 3.8 2.1 3.2 0.9 0.3 8.1 1.4 14.9 

Temperature 
excl. DH, in °C 7.0 4.5 6.7 4.5 5.5 14.8 3.6 3.9 0.3 -0.5 7.4 4.3 11.3 4.6 7.6 11.3 0.9 0.5 5.3 14.4 6.5 2.4 13.5 4.1 4.6 5.6 9.5 1.9 7.6 

Correction in °C 0.4 

*= source: BRG Consult 2012, relating to share in residential dwellings  

 

The resulting 0.4 °C correction is relevant when addressing the heat load for regulated 
equipment and it is relevant for verifying the accuracy of the space heating load in 
Chapter 6.  

2.2.2.5 Global warming 

Global warming could —according to the latest trends— lead to outdoor temperature 
increases approximately 0.2 degrees per decade or more (see Figure 6). According to the 
latest EEA reports37 the EU average is even higher, above 0.3 degrees per decade (Figure 
7). 

This is relevant for the long term trend (see Chapter 5) and/or could be used to updated 
older temperature time-series. 

                                           
37 EEA, Climate change, impacts and vulnerability in Europe 2015, European Environmental Agency, 2016 
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(source: EEA, Copenhagen, extract 2017) 

Figure 6. European average temperatures between 1850 and 2015 over land areas relative to the 
pre-industrial period - Temperature anomaly (°C) relative to pre-industrial 

 

 
(source: EEA, 2017) 

Figure 7. Trends in annual temperature across Europe between 1960 and 2015 
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2.2.3 Indoor temperature 

In building and equipment standards the assumed indoor temperature varies between 18 
and 22 °C. Considering that this range represents a large (>30%) difference in energy 
consumption (c.p.), it is worthwhile to establish which one is likely to be correct. 

Actual measurements with temperature loggers in a representative sample of dwellings 
are the most reliable source, but given that this type of information is scarce and 
certainly not available for all countries, also national building codes and equipment 
standards and results from Ecodesign preparatory studies will be taken into account.  

2.2.3.1 Building codes and –standards 

This section describes the indoor temperatures to be assumed at reference design 
conditions of the building, i.e. the coldest day (hours) in a year. This, together with the 
building characteristics, determines the heat load and annual heat demand of buildings. 

In the context of the EPBD several EN standards were developed that deal with the 
calculated energy consumption for space heating of individual dwellings. These 
standards, like EN-ISO 13790 38 and the EN 15316 series, give calculation procedures but 
—when it comes down to providing temperature data— they refer to national building 
codes.  

When looking at these national building codes the range varies indeed between 18 °C, 
which is the reference in the Netherlands EPG calculation taken into account intermittent 
heating (day- and night setback) and different temperature zones in the dwelling, up to 
22 °C, which is the thermal comfort reference in Swedish houses without intermittent 
heating and differentiated temperature zones.  

 
(Source: VHK, ENER Lot 1, 2007) 
 

Figure 8. Comfort and setback temperatures and time-periods in residential dwelling 

 

Overall, the Nordic countries tend to have higher average indoor temperatures than the 
rest of the EU. Apart from the thermal comfort reference (SE 22 °C, FI 21 °C, DK 20 
°C39) there is a relatively high share of heat pumps, where typically intermittent heating 
would not save much, and district heating, where differentiated temperature zones and 
intermittent heating are not common.  

                                           
38 Recently replaced by an hourly method in EN-ISO 52016-1:2017, but for the sake of transparency we have 

used the principles of EN-ISO 13790 in this report. 
39 http://www.sustainablebuildingscentre.org  

Note: For modelling purposes it is assumed that 
residential dwellings are constantly occupied, but not 
equally in all zones. The day-zone (living, kitchen, hall) 
is 50% of the heated floor area and occupied 16h/day 
(from 7 to 23h). The night-zone (bedrooms) is 40% of 
the heated floor area and actively used 5h/days (excl. 
sleep). The bathroom is used 4 h/day at two different 
periods (7-9h and 21-23h). The temperatures indicated 
in the graph are 1 K higher than those used in Lot 1. 
The surface- and time-weighted average is 17 oC 
without thermal inertia. With thermal inertia the 
average night-temperatures will be higher and thus the 
overall average temperature will be around 18 oC.  
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In Western European countries, not only in the Netherlands, the reference indoor 
temperatures are the lowest. The UK SAP calculates indoor temperatures as a function 
of, amongst others, the long term weather data (outdoor temperatures) and finds a 
mean heating season dwelling temperature of 18.2 °C, differentiated between 19.2 °C for 
the living room and 17.9 °C for the rest of the heated dwelling surface. In Germany, 
Austria and France the (minimum) comfort temperature is 19 °C, but depending on 
penalties for varying degrees of thermal discomfort40 of the control system the reference 
indoor temperature can increase up to 21 °C. Differentiated temperature zones and 
intermittent heating are applied for modelling of individual cases (roughly as in EN 
13790), but they are an extra bonus or penalty and not already incorporated in the 
reference temperature. For the simplest calculation procedures (e.g. in certification of 
existing houses) a fixed (20 °C) temperature is commonly used. 

In Southern Europe (e.g. ES41, IT42, PT) the reference indoor temperature is 20 °C. 
Principles of EN 13790 apply for temperature zones and intermittent heating, but also 
here the impact is not incorporated in the reference temperature. In significant parts of 
these countries, dwellings don’t have central heating but rely on local heating (stoves, 
etc.), typically with high temperature in the room where they are placed (e.g. 20-22 °C) 
but low temperature (e.g. 8-10 °C) in e.g. bedrooms. Furthermore, in apartment 
buildings with centralised and block-heating a full night setback is applied43.  

For Eastern Europe no data on reference indoor temperatures is available. It may be 
assumed, given the winter climate and the high share of district heating, that for urban 
areas it is similar to that of Nordic countries. For rural areas, also given the lower 
incomes, indoor temperatures will be closer to that of Western Europe.  

All in all, the data do not allow for a quantitative assessment, but –when taking into 
account intermittent heating and temperature zones where appropriate— a mean EU 
heating season temperature of 19 °C for the heated surface of residential dwellings with 
central heating is plausible from this source. According to BRGC (preparatory study Lot 1, 
Task 2) around 20% of dwellings have no heating or only local heaters. Assuming, 
amongst others from the Ecodesign studies on local heaters, that most of these local 
heaters are in mild climates, an average mean heating season temperature of 14-15 °C 
is plausible. Weighting the total dwelling population for this fraction (20% local at 14.5 
°C and 80% at 19 °C), the average EU indoor temperature would be around 18 °C (for 
local and centrally heated buildings combined).  

As regards the non-residential sector the Italian EPB uses internal temperatures, which 
prescribes 20 °C for all types of residential and non-residential buildings, except for 
swimming pools and saunas (28 °C) and for sports buildings (18 °C). In Germany 20 °C 
is the reference for offices and schools, 22 °C for hospitals and public swimming pools, 
18 °C for industrial and sports buildings and 16 °C for warehouses. Similar temperatures 
are used in the Netherlands, except for workplaces with severe physical work (industry, 
sports) a temperature of 13 °C is deemed enough.  

                                           
40 The ideal situation being e.g. floor heating with constant temperature and no stratification. The worst case 

being an on-off heating with high temperature fluctuations (up to ±2 K) and high temperature stratification 
(‘cold feet-hot head’ phenomenon, vectors of up to 2 K).  

41 CTE DB HE1, 2009 
42 UNI/TS 11300-1:2008 
43 At least in Italy it is even mandatory. 
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In the UK, from the viewpoint of thermal comfort as part of labour conditions, the UK 
Chartered Institute of Building Services Engineers (CIBSE)44 recommends for (a) heavy 
work in factories 13˚C (b) light work in factories 16 ˚C (c) hospital wards and shops 18 
˚C (d) office and dining rooms 20 ˚C.  

In France, the RT uses indoor comfort temperatures for health care establishments of 21 
°C (high), for warehouse/industry/sports and transport buildings of 16 °C (reduced) and 
for all others 19 °C (medium). For setback periods less than 48h the setback 
temperature of high and medium temperature buildings is 3 degrees lower. For setback 
periods longer than 48h and for reduced temperature buildings the setback temperature 
in the heating season is 7 °C 45. For hospitals and homes for elderly/handicapped the 
comfort temperatures are assumed to last 24/7 except for 8 hours during the daytime on 
weekdays (long), for canteens (‘restauration pour un repas par jour’) 5 hours per day for 
5 days (short) and for all other types 10 hours a day for 5 weekdays. For schools, extra 
holidays (53 days) are to be taken into account during the heating season (Oct.-April).  

The result of these temperatures and times is e.g. for offices and shops an average 
indoor temperature of 15.4 °C46. For hospitals it is 20.4 °C and for warehouses around 
13 °C.  

On average the French temperatures are some 1-2 K lower than in other countries for 
which we have data, but they do have the advantage that —although most shops stay 
open for 6 rather than 5 days— they take into account setback temperatures and 
opening hours.  

Although the investigation is not comprehensive, this source suggests that 21 °C for 
hospitals and swimming pools, 18 °C for shops, 17 °C for offices and schools, 16 °C for 
industry, 15 °C for sports buildings and 13 °C for warehouses are plausible mean heating 
season indoor temperatures in the EU.  

2.2.4 Other influencing parameters 

In the UK, indoor temperatures were measured in a representative sample of UK 
households in the EFUS 2011 project (BRE 201247). It revealed mean monthly 
temperatures for the whole dwelling range from 18.1 °C in December to 21.5 °C in July 
and August. The mean room temperatures recorded during the heating season (October 
to April) are 19.3 °C for the living room, 18.8 °C for the hallway and 18.9 °C for the 
bedroom, from which a mean temperature of 19.0 °C for the dwelling has been derived. 
This is 0.8 °C higher than the indoor temperature according to the SAP long term weather 
data mentioned earlier, but when the SAP data were recalculated with the weather data 
of the 2011 sampling period the differences were negligible. In other words and 
according to the researchers, the difference stems mainly from the difference in outdoor 
temperatures with 2011 being a warmer than average year.  

 

                                           
44 Source www.hse.gov.uk 
45 But not lower than the outdoor temperature (it is a set-point ‘température de consigne’) 
46 Calculation author, with long setback temperature of 12 °C instead of the 7 °C minimum) 
47 Energy Follow-Up Survey 2011, Report 2: Mean household temperatures, Prepared by BRE on behalf of the 

Department of Energy and Climate Change, December 2013, BRE report number 283078 
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The variations in mean heating season temperatures for different dwelling and household 
characteristics have been investigated.  

 Dwellings that were fully double glazed, those with someone in during the day during 
a weekday, and those in which the occupants are not under-occupying have mean 
heating season temperatures that are significantly higher than other categories. 

 Dwellings built pre-1919 have lower mean heating season temperatures than 
dwellings built between 1945 and 1990.  

 Dwellings with a floor area < 50 m² have higher mean heating season temperatures 
than the largest dwellings with floor areas > 140 m². 

 Owner occupied dwellings have lower mean heating season temperatures than rented 
dwellings (local authority or RSL). 

 Dwellings with elderly people (>75 years) have higher temperatures than in the age 
group 45-64 years old.  

 Dwellings with pensioners have higher temperatures than those without. 
 Some groups of dwellings have significant differences in the mean heating season 

temperatures in one or other of the zones but not both.  
 Flats have higher living room mean heating season temperatures than detached or 

semi-detached dwellings, but no difference is seen between dwelling types for 
bedrooms.  

 Dwellings in rural locations tend to have lower bedroom mean heating season 
temperatures than those in urban areas  

 Dwellings in London tend to have higher bedroom mean heating season temperatures 
than dwellings in the North West and Yorkshire and Humber regions, but no 
differences are seen between the living room mean heating season temperatures for 
either characteristic.  

 Dwellings with no insulation measures have lower living room mean heating season 
temperatures than dwellings with at least one or more insulation measure, but no 
differences are seen in the bedroom mean heating season temperatures  

 Households living in the dwelling typically have higher living room mean heating 
season temperatures than households without a pensioner present; 

 Households with one or more persons retired have higher living room mean heating 
season temperatures than households with one or more persons working full time. No 
differences in the mean heating season temperatures in bedrooms/hall are seen for 
these groups.  

BRE found that on average there was only a negligible difference between weekend and 
weekdays and suggested that this refinement was not needed in the SAP. The typical 
difference in living room versus bedroom mean temperature calculated in the models 
may be an over-estimate. Overall BRE found that measured averages were in line with 
SAP values. 

BRE does not report of time-of-day temperature differences, but research in Leister in 
almost 300 dwellings suggested that also in Britain the temperature fluctuates within a 2-
degree range, approximately between 17.5 °C and 19.5 °C (16.3 and 18.6 °C for semi-
detached housing).  
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Table 5. Mean indoor temperature for February 2010 measured in 292 dwellings. 

Mean living room temperature (°C) 

  Whole 
day 

Morning 
(7:00-
9:00) 

Day 
(9:00-7:00) 

Evening 
(17:00-23:00) 

Night 
(23:00-7:00) 

All dwellings (n=292) 18.4 17.5 18.2 19.4 18.1 
Detached (n=29) 17.6 16.3 17.2 18.6 17.1 

Semi-detached  (n=130) 18.5 17.5 18.2 19.6 18.2 

End terrace (n=29) 18.2 17.6 18.2 19.5 18.2 

Mid terrace (n=70) 17.9 17.1 17.8 18.9 17.7 

Flats (n=34) 19.6 19.1 19.6 20.2 19.3 

Source: T. Kane et al., VARIATION OF INDOOR TEMPERATURES AND HEATING PRACTICES IN UK DWELLINGS, Proceedings of 
the Research Students’ Conference on “Buildings Don’t Use Energy, People Do?” – Domestic Energy Use and CO2 Emissions in 
Existing Dwellings, 28 June 2011, Bath, UK  

  

2.2.4.1 Fluctuation and stratification losses 

In several building codes (e.g. Germany, France, and UK) as well as in the EIA report 
there is an efficiency-penalty for the heating system due to fluctuation and stratification 
losses (a.k.a. ‘control losses’).  

It refers to the inability of a heating system to reach the desired room temperature / 
thermal comfort in time and in space.  

Fluctuation losses relate to the variation of the indoor temperature in time (F. Variations 
temporelles), where consumers tend to adjust the temperature setting of the heating 
system to a level where the minimum temperature equals the desired temperature. In 
other words, it results in a higher average indoor temperature than would be necessary 
with an ideal system.  

Figure 9 illustrates this phenomenon by showing typical temperature lines for a low-
efficiency on-off system, a high-efficiency modulation & timer system and the ideal 
temperature line.  

 
Figure 9. Typical indoor temperature lines for a low-efficiency on-off system, a high-efficiency 
modulation & timer system and the ideal temperature line (illustrative) 
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These three lines represent the same level of thermal comfort, but the average indoor 
room temperature of the low-efficiency system is almost 4 °C higher than that of the 
high-efficiency system. In terms of energy consumption this means, depending e.g. on 
the reference climate, a difference of up to 40%. 

Stratification losses relate to the variation of the temperature in the heated space (F. 
variations spatiale). The indoor temperature is not equally distributed in the heated space 
and rarely ideal for the best comfort. In the residential sector, with a low-efficiency 
heating system, there may be a difference of 2 °C between the floor level and the ceiling 
level, whereas with a high-efficiency system the difference may be less than 0.5 °C. The 
reaction of the average consumer to this ‘cold feet-hot head’ phenomenon is to try to 
avoid the ‘cold feet’ and thus raise the indoor temperature. This leads to an increase of 
the heat load and thus of the energy consumption.  

It would be tempting to partition the fluctuation and stratification losses to the space 
heating load of the building, because in fact they increase the indoor temperature and 
thus the space heating load. But they are not caused by the building or by consumer 
preferences. They are a characteristic of the heating system and are not to be included in 
the modelling of the space heating load of the building.  

However, it must be taken into account that when average indoor temperatures are 
measured in the buildings, they will be higher than the 18 °C that is proposed as a 
reference for the space heating load.  

2.2.4.2 Internal gain  

Internal gain is the space heating contribution of people, pets and energy-using product 
in the household. The preparatory study on boilers (lot 1) established that in most 
building regulations (DE, NL, UK) this contribution is set at 5 W/m² heated floor surface. 
With a heating season of around 5000 hours this results in 25 kWh/m².year. The same 
study calculated that the 2003 average existing dwelling, on average built in 1965-1975, 
had a heated floor surface of 87 m². In 2003 new dwellings this number was 103 m². So, 
over approximately 35 years there was an increase of 16 m², or rather 0.5 m²/year. 
These numbers will be revisited in the next chapter, but —for now— let us assume that in 
2010 the average heated residential dwelling surface is around 90 m². This would then 
result in an internal gain of (90 x 25=) 2250 kWh over the heating season.  

Eurostat established a final residential sector demand of electrical energy of 840 TWh in 
2010 (EU-27). With around 200 million households this comes down to 4204 kWh per 
household (=ca. primary dwelling) per year. Considering that the average heating season 
is 7 months and the residential electricity consumption is higher in winter months, the 
electricity consumption in winter is then around 2600-2700 kWh per household.  

How much of this electricity provides 'useful heat' and how much is dissipated as waste 
heat?  

Around 525 kWh is caused by electric water heating. The Lot 2 study estimates the 
primary energy efficiency of the average installed type at 27% for storage types and 
33% for (hydraulic) instantaneous types. The theoretical maximum is 40% (at the given 
power generation efficiency), so around 25% of 525 kWh, i.e. 131 kWh/a, may be 
dissipated as heat. The question may be whether it is a useful contribution to space 
heating. A fraction of the storage water heaters may not be placed in the heated area of 
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the house. So, the effective contribution to space heating may not be more than 100 
kWh/a. When considering also the fossil fuel fired water heaters and combi-boilers, this 
amount will rise to around 300 kWh/a. 

Lighting makes up around 500 kWh per year per household. It is considered a very 
effective contributor to space heating, because it is generated at the place and the time 
that people actually need space heat. The theoretical efficiency (efficacy) of lighting, i.e. 
the efficiency at which all electricity is used to generate light and there is no waste heat, 
is defined at 628 lm/W. Given the composition of the light sources in a 2010 EU 
household with still a majority share of incandescent and halogen bulbs (10-15 lm/W), 4 
or 5 CFLs (30-60 lm/W) and 2 LFLs (60-80 lm/W), the average luminous efficacy is no 
more than 20 lm/W. This comes down to an efficiency of 3.2%. 96.8% (around 480 kWh) 
is lighting waste heat that can contribute to space heating. With new light sources (LED) 
this number is expected to drop, but even at 100 lm/W average and no growth in lumen 
output the space heating contribution of lighting will still be around 85% of the input.  

What goes for lighting also goes for electronics (including televisions and other displays): 
Around 85-90% of the input ends up as waste heat. In other words, of the 710 kWh that 
went into residential electronics in 2010 at least 600 kWh (85%) ended up as waste heat 
making an effective contribution to space heating.  

Household refrigerators and freezers take up around 500 kWh of electricity. Assuming a 
50% efficient compression cycle around 250 kWh ends up as waste heat and can be 
considered as a contribution to space heating. 

Cooking appliances (hobs, ovens, etc.) consume around 385 kWh of electricity and 195 
kWh of fossil fuels. The efficiency, e.g. in heating water, depends on the device and the 
energy sources and varies between 50 and 75%. Of the waste heat a significant part is 
immediately extracted by the range hood (hobs), but it may be assumed that some 20%, 
in total 100 kWh, is still useful.  

The combined electricity consumption of all cleaning devices (washing machine, 
dishwasher, laundry drier, vacuum cleaner, etc.) is around 500 kWh. In the past they 
were considerable contributors to space heating but especially modern devices, the 
radiation losses of these devices are very limited and there is a question whether their 
position (laundry room) and operating time (e.g. dishwasher at night) are optimal to 
contribute to space heating. Therefore, it is assumed that only 100 kWh is useful.  

Apart from the above devices, there will be a rest group of small hobby devices, 
electricity from ventilation units and other miscellaneous energy-using products. For this 
miscellaneous group around 100 kWh is taken into account.  

Finally, apart from the waste heat of appliances there is the contribution of body heat. 
Assuming average clothing (1 CLO48) and low activity the average adult will dissipate 
heat of around 80 W. Given an average household of 2.4 persons (with pets 
compensating for the lower wattage of children), a dwelling occupancy of 14h/day (60%) 
gives 115 W. Over a heating season of 5000 h this gives 570 kWh of contribution to the 
space heating.  

The sum of the internal gain contributions gives around 2500 kWh during the heating 
season for the average EU dwelling in 2010 (see figure 10). At an average dwelling 
surface of 90 m² and a heating season of 5000 h this results in 5.5 W, i.e. some 10% 

                                           
48 http://www.engineeringtoolbox.com/metabolism-clothing-activity-d_117.html 
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more than was assumed in most building standards. However, with increased efficiency 
of the devices, especially the electronics, 5 W/m² seems quite robust as a long-term 
average. 

 
(source: own estimate VHK based on misc. sources) 

Figure 10. Internal gain in heating season EU 2010, in kWh per residential dwelling, total 2500 kWh 

 

2.2.4.3 Solar gain 

Solar gains are the useful solar heat entering buildings through windows (‘direct solar 
gain’) and, for a small part49, the sun heating the exterior (mainly roof) of the building.  

The contribution of solar gains was addressed in Lot 1. The building regulations in the EU 
average climate use a default value that is approximately 17-18 kWh per m² heated floor 
area over the heating season (ca. 5000 h/a, 208 days). At an average dwelling size of 90 
m² this is approx. 1575 kWh/a, i.e. considerably less than the internal gains of 2500 
kWh/a discussed previously.  

Another default value comes from the Lot 32 study on windows, which mentions that 
solar gains during the heating season account on average for a temperature difference of 
1.2 K, which we will assume fro average EU.  

Ideally, the solar gains should be calculated according to EN-ISO 13790, but average EU 
input data for the complex calculation are lacking. For a differentiation of the solar gain 
per country the Annex I: Detailed statistics provides global solar irradiance data. The 
average EU28 global solar irradiance (in W/m² or Wh/m².d) was established for the 
heating season. This is shown in Annex I: Detailed statistics, with a result of an average 
EU solar global radiance of 2610 Wh/m².d for the heating season (Oct.-April), weighted 
for population. Note that this is for a horizontal plane.50 

In order to establish how much of this solar irradiance could be useful, the EU monthly 
averages can be weighed against the heating load. This is shown in Table 6 and results in 
2259 Wh/m².d. 
                                           
49 Usually only taken into account in building regulations for non-residential dwellings 
50 VHK calculation the basis of JRC-Ispra PVGIS (http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#) 

Electronics  600

Lighting  480

Water heating 
300

Refrigeration 250

Cooking 100

Cleaning 100

Miscellaneous 
100

People 570

Internal gain in heating season EU 2010 
[ in kWh per residential dwelling, total 2500 kWh]
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Table 6. Average EU28 global solar irradiance over the heating season, weighted for population and 
for heating load 

Jan Feb Mar Apr Oct Nov Dec AVERAGE 

Space heating load 
% of 
total 20% 20% 13% 6% 6% 16% 19% 

Global solar irradiance G, 
monthly EU averages 
weighted for population  

Wh/m² 1608 2446 3478 4562 3040 1853 1281 2259 

 

The values in the table are given for a horizontal plane. The solar flux for a vertical plane 
would be 70% higher with South orientation, whereas the East/West orientation gives 
35-40% less sun and the North orientation gives 70% less. Overall, assuming that on 
average there is no preference in orientation, the solar influx for windows should be 20% 
less than 2259 Wh/m².d, i.e. around 1800 Wh/m².d.  

2.2.5 Conclusion on temperature difference 

The table below summarizes the findings in this chapter. For the purpose of modelling 
the most important is the overall EU indoor/outdoor temperature difference (all) ΔT of 
7.5 °C.  

For heat load calculations of the building stock excluding district heating, a value of ΔT= 
7 °C is appropriate.  

Table 7. Outdoor and indoor temperatures for the average EU building stock, for average 7-month 
heating season (t =4910 h) 

Outdoor Temperature °C   Indoor Temperature  °C 

Surface-weighted average ~3.5-4  indoor 24h average  18 

Population-density weighted average 6.5  correction solar gain 1.2 

Correction for local effects (e.g. urban 
heat island) 

0.6  correction internal gain 2.3 

Average EU building total ~7.0  Average EU building 14.5 

Indoor/outdoor temperature difference (all) ΔT = 7.5 °C 

Correction for district heating (DH) 0.4    

Average EU building, excluding buildings 
heated by district heating 

~7.5       

Indoor/outdoor temperature difference (excl. district heating) ΔT =7 °C 

 * The 14.5 ºC is not the actual (sensible) indoor temperature, but the reference temperature which is used to 
calculate the temperature difference which has to be overcome by the heating system only (excluding other 
contributing factors). 
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2.3 Volumes and surfaces 
2.3.1 Introduction 

For the assessment of the space heating load the  

 heated volume V [in m³] and  
 shell surface S of the heated volume [in m²]  

are required. In principle, only the EU totals are required. But if the EU total is built from 
average values for V and S then also  

 the number of EU buildings, subdivided by typology,  

is required.  

Auxiliary parameters to arrive at that assessment include the 

 SV ratio [in m²/m³],  
 heated floor area A [in m²],  
 heated ground floor area [in m²] or 
 floor/building height and number of floors, 
 typical indoor temperature per building or building zone [in °C for a fraction of %]. 

The typical indoor temperature is relevant because it may vary with the application, as 
mentioned in the previous chapter. The accounting units for heated volume and shell 
surface are thus not absolute ‘m³’ or ‘m²’ but ‘m³ of 18 °C indoor temperature 
equivalent’ and ‘m² of 18 °C indoor temperature equivalent’. Shorter notations are 
‘m³@18°C’ and ‘m²@18°C’. 

For the weighting of different spaces, the rounded average EU outdoor temperature of 6 
°C is taken as the yardstick. For instance, a space with 12 °C indoor temperature is 
counted at 50%, e.g. 100m³@12°C equals 50m³@18°C.51 A space with 22 °C indoor 
temperature, e.g. a hospital, is counted at 133% 52. 

As a result of the above, buildings and dwellings without an active heating system and 
vacant buildings are not considered. Vacant buildings make up some 16% of the office 
stock and around 8% of the other non-residential building stock. In the residential sector 
an estimated 6% of dwellings is vacant. More details are given in Annex D.  

Also, secondary residential dwellings (holiday and weekend homes), are not considered 
because when they are occupied and heated, the occupants leave behind their primary 
dwelling which is then assumed to be unoccupied and unheated. Secondary dwellings 
make up approximately 20% of the building stock. (see Annex D) 

Apart from the above exclusions, the study team aims to take into account all heated 
building spaces. This also includes, unlike some studies in the field, heated industrial and 
agricultural buildings and the non-residential part of predominantly residential buildings 
such as shops, offices, bars and restaurants in the ground floor of apartment buildings. 
The agricultural buildings include farmhouses, heated greenhouses and —where 
applicable (mainly for chickens and breeding facilities)— heating of accommodations for 
livestock. 

                                           
51 Equation: (12-6)/(18-6) =0.5 (50%) 
52 Equation: (22-6)/(18-6)=1.33 (133%) 
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For the geometrical boundaries of ‘heated space’ there are many national definitions that 
reflect the different historical and political backgrounds53 in Member States.  

The differences relate, amongst others, to 

 inner or outer shell dimensions, i.e. excluding or including outer walls;  
 minimum ceiling height for an area to be taken into account; 
 small deviations from rectangular floor plan (e.g. bay windows); 
 treatment of not actively heated ‘adjacent spaces’ (e.g. conservatory);  
 half-heated spaces (e.g. cellars or garages at a reduced temperature);  
 technical and circulation spaces (boiler rooms, hallways, stairs, etc.);  
 use of simplified calculations (e.g. surface derived from volume with a fixed 

multiplier).  

These differences exist between Member States, but also within one Member State 
several calculation methods may be applicable. Table 8 below shows the case of 
Germany, where the reference floor area (D. ‘Bezugsfläche’) of a 100 m² dwelling varies 
between 79 m² and 109 m². As a result, the specific heating requirement varies between 
83 and 115 kWh/(m².a).  

Table 8. Comparison between definitions of floor area for a reference dwelling in Germany 2013 

All surfaces in 
m² 

Grund-fläche 
(GF) 

Habitable surface 
(WoFi) from 

Useful area 
(NF) nach 

Net floor area 
(NGF) nach 

Building 
useful 
area 
EnEV 

Wohnflächenverordnung Destatis* DIN 277 EnEV DIN 277 EnEV 

100% GF 50 % GF 25 % GF             

Living room 33 30 3   33 33 33       

Kitchen 14 13 1   14 14 14 

Bathroom 10 10     10 10 10 

Hallway 13 13     13 – – 

Toilet 5 5     5 5 5 

Bedroom 17 15 2   17 17 17 

Terrace 8     8 8 8 – 

Total reference 
floor area 

100 86 3 2 100 87 79 100  92 109 

91 

Deviation from Wohnflächenverordnung floor area +10 % -4 % -13 % +10 % +1 % +20 % 

Specific heating requirement in 
kWh/(m²*a) 

100 91 105 115 91 99 83 

Deviation from Wohnflächenverordnung heating requirement -9 % +5 % +15 % -9 % -1 % -17 % 
Source: Forschungsstelle für Energiewirtschaft (FfE), Bewertung und Vergleich flächenspezifischer Größen—Auf die Definition 
kommt es an, BWK Bd. 65 (2013) Nr. 5  
*=Statistisches Bundesamt 

 

The terminology is in practice not harmonised54, also due to the fact that building 
dimensions and numbers are published in statistics for many purposes that are not 

                                           
53 ‘political’ meaning for instance that a derived parameter like ‘kWh/(m².a)’ for heated floor area may be used 

to set targets or minimum requirements. The value of this target not only depends on the energy 
consumption (kWh) but also on the heated floor area (m²). Using slight modifications of the calculation 
procedures for the heated floor area may help to achieve targets, even if the energy consumption (kWh) 
stays the same. 

54 There is a CEN standard EN15221-6, but it is not (yet) commonly used 
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energy-related (see next paragraph on data sources). Some examples are listed 
hereafter: 

 Habitable area (D. Wohnfläche WFL, NL. woonoppervlakte), which is typically the 
sum of the interior floor area of living room, kitchen, bedrooms and bathroom plus 
possibly a part of adjacent spaces (attic, cellar, conservatory, etc.).  

 Useful floor area (D. Nutzfläche NF, NL. gebruiksoppervlakte), which is slightly 
bigger than the habitable area because it takes into account more of those adjacent 
spaces. Both the habitable area and the useful floor area do not take into account the 
circulation area (hallway, stairs), technical spaces (e.g. boiler room), cellar (unless it 
is actively heated), floor areas with a height smaller than 1.5 or 1.8 m and, etc.. 

 Net floor area (D. Netto Grundfläche NGF, NL. binnenvloeroppervlak), which for 
instance is the basis of the German EnEV (DIN 18599-1), fully takes into account also 
spaces like cellars or utility rooms that are often not equipped with active heat 
emitters. 

 Heated floor surface area means a calculated value which fully counts the 
habitable or useful area and only –based on the average indoor temperature in 
winter and the floor height—a part of the secondary spaces. This is called the 
‘Energiebezugsfläche’ (Austria, Switzerland), ‘beschermd vloeroppervlak’ (Flanders, 
Belgium), ‘surface hors œuvre net’ SOHN (France, until 2012) or simply the floor 
area (UK SAP, France after 2012 ‘surface a plancher’). In German residential 
buildings the ‘Gebäudenutzfläche’ is used, which may be derived from the heated 
volume, using a multiplier. 

 Gross floor area (D. Brutto Grundfläche BGF, including walls, F. surface hors œuvre 
brut SHOB) is a parameter used typically to describe economic activity of the 
construction sector the parameter can easily be mistaken as heated floor area. The 
gross building volume (D. Brutto Rauminhalt BRI, NL. Gebouwvolume), i.e. based on 
the gross floor area and building height, is popular in national statistics that monitor 
land use and urban development. These gross values include the dimensions of the 
walls (roof, floor for the volume), which may lead to a difference of 10% with the net 
floor area and 20% with the net volume.  

Figure 11 gives an illustration of the definitions, based on the case of Germany. 
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Figure 11. German definitions according to DIN277 for a single-family dwelling (except for the 
projected roof area) 

It is not within the scope of this study to solve the differences between the Member 
States. Also, the standards developed in the context of the EPBD, have not succeeded in 
solving these differences and leave the exact definition to the ‘national level’.  

In the context of this study, the authors will deal with the uncertainties on a pragmatic 
basis. But it is important to recognize that uncertainties in the order of magnitude of at 
least ±10% for the building numbers and dimensions in the residential sector exist. For 
the non-residential sector, the uncertainties may even be higher, because there are large 
areas of technical and support areas (hallways, meeting rooms, technical areas) that 
many statistics do not take into account, and it may well be that on average the real 
heated volume is 50-100% larger than some statistics indicate.  

Annex I gives further illustrations relating to the non-residential sector, e.g. on the 
official conversion factors between the various floor area definitions in Germany and on 
default values for the ratio of useful surface of the room versus the useful surface of the 
group in the Réglémentation Thermique in France.  

2.3.2 Data sources 

Accurate data on EU building numbers and geometry are not available from a single, 
consistent source. Hence, for the assessments in the next paragraphs the authors used 
various data sources.  

Data sources for building dimensions include 

 GIS-based assessment of land coverage and usage (e.g. LUCAS, previously 
CORINE), where the EU built-up area, as part of the artificial land, is estimated on 
the basis of the surface of roofed constructions (including greenhouses) as can be 

habitable area 
(Wohnfläche WFL)

useful area 
(Nutzfläche NF)

technical area 
(Technische Funktionsfläche TFF)

circulation area 
(Verkehrsfläche VF)

net surface area
(Netto Grundfläche NGF)

gross surface area
(Bruto Grundfläche BGF)

Projected roof area
(Grundriss Dachfläche)



 

Ecodesign Boilers, Task 3, Final | July 2019 | VHK for European Commission 34 

determined from satellite pictures, supplemented by surveyor assessments55. GIS-
based systems are mainly used for environmental policy purposes (e.g. biodiversity). 
At the moment, the assessments for the built-up area use a resolution that is too 
crude for meaningful assessments (see Annex I: Detailed statistics).  

 Land registry (NL. 'Kadaster'). This is a registration of the floor area, geometry and 
usage of privately owned or public plots within the territory of a commune. It is the 
input for national statistics on building permits and finished buildings, but the 
information is also used (and published) at local level. The published national 
statistics that are based on the land registry usually relate to the surface area and 
destination of the plot (including gardens, yards, etc.). The usual local context is 
urban planning or, broader, land-use planning (‘zoning’). The land registry does 
contain (some) information on the built-up surface area within the plots and the 
building height, but systematic national statistics are rare. One way to go around that 
omission is to use a typical ratio between the surface area of the total building site 
and the actual building area, but so far, no studies were identified that actually went 
that route.  

 Statistics of building permits and finished constructions. In terms of level of detail 
on building surface and –volume, the national statistics based on building permits are 
the most comprehensive. But, as mentioned in the introduction, the national 
statistics only single out a few parameters for publication. Furthermore, the statistics 
—even when considering long time series over the last 40-50 years— are not 
sufficient to capture the whole building stock, not only because they don’t capture 
illegal building activities and construction activities that don’t require permits, but 
also because they don’t capture the buildings from an era where building permits did 
not exist or were less detailed. 

 Census is the most comprehensive population-wide questionnaire in Member States, 
held by national statistics offices typically every 10 years. It is the most accurate 
source available for the number of households and thus the number of primary 
dwellings. Also, several dwelling characteristics that are a measure of the living 
conditions, such as the number of rooms, central heating system (yes or no), bathing 
facilities (yes or no), etc. are being monitored in the Census. The Census does not 
include floor area or building volume data.  

 Monetary and real estate data. All Member States know a tax for real-estate, 
which is typically based on the estimated worth of the property which in turn 
depends on position, floor area and usage. Likewise, in (national) production 
statistics for the non-residential sector the company’s buildings are one known 
component of the invested capital. Finally, commercial market research institutes for 
the real estate business gathers and publishes data for the state of the property 
values in the residential and non-residential sector. In principle, if an average price 
per m² floor area can be estimated, the monetary data can be used to estimate the 
total floor area. Some of the commercial institutes also develop height maps and 
floor counts of the properties56, which could be used to estimate the volume and shell 
surface of the buildings.  

 Urban planning guidelines on the number and type of buildings/services (e.g. 
number of bakeries, doctors, etc. per capita). These guidelines may seem very useful 
in the beginning but tend to be very different per country and even per location. 
Their usefulness is very limited. 

                                           
55 E.g. the satellite pictures of LUCAS are supplemented by field assessments by 750 surveyors that have to 

date investigated around 1 million data points.  
56 For instance http://www.findmaps.co.uk.  
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 Estimation of non-residential building volume from analogy with the better-known 
residential building trends, based on key parameters (e.g. building volume per 
capita).  

 Architectural guidelines indicating floor area and volume per functional unit, i.e. 
the number of hospital beds, tourist beds, employees, dwellings, etc.. Together with 
the number of functional units involved this allows an estimate of the total floor area 
and/or volume.  

 Economic Activity (NACE) statistics and estimated average floor area per NACE 
unit. Every Member State publishes very detailed NACE-statistics that indicate the 
number of economic activity units (e.g. ‘businesses’) and the number of employees 
per unit. The big advantage of using NACE data is their high level of detail, which 
makes it easier to estimate typical floor area. From the NACE parameters, plus an 
estimate of the building volumes per unit and/or employee and/or functional unit, 
VHK performed a proprietary research, based on national NACE data, to estimate 
building volumes and ventilation rates in the non-residential sector.  

 Architect data for reference buildings plus their estimated representation in the 
total population. In general, the estimated representation in the total population is 
very approximate and not very helpful in estimating the data for a country or EU 
total. However, the reference buildings are helpful in estimating other relevant 
characteristics such as the typical S/V ratio, i.e. the proportion of the shell surface to 
the volume of a specific type of building. 

 Reverse engineering from energy use and sales of heating systems (if the 
number per building is known). At the moment, this approach is very much ‘the 
cripple helping the blind’ because —and this is the very reason for the study— the 
data on heating systems and their energy use are not much better than the data on 
the building size. But ultimately of course, they represent the two ends of the 
equation and have to match.  

This list is not necessarily complete, but it represents the methods most commonly used. 
The German federal building ministry BMVBS57 has looked into several methods to 
estimate the number and dimensions of the non-residential building stock for Germany. 
The main conclusion from this evaluation is that the indirect derivation from national 
statistics (land registry, building permits) is the most useful source, although at a limited 
aggregation level and subsequently with a considerable margin of error in floor area and 
volume. For more details see Annex I: Detailed statistics. 

2.3.3 Secondary EU data sources 

Secondary data sources are studies that have analysed the primary data sources and 
have drawn conclusions on the size (number, floor area, volume, etc.) of the EU building 
stock, often as an aggregate of national statistics and often as a part of a more 
comprehensive study of the building stock’s energy consumption. These include studies 
that were performed in the context of the  

 European Climate Change Programme (ECCP),  
 joint efforts of the national statistics offices, 
 Energy Performance of Buildings directive (EPBD) and  
 preparatory studies in the context of the Ecodesign (ED) and Energy Labelling (EL) 

directives.  

                                           
57 Bundesministerium für Verkehr, Bau und Stadtentwicklung, ‘Typologie und Bestand beheizter 

Nichtwohngebäude in Deutschland’, BMVBS-Online-Publikation, Nr. 16/2011, Aug. 2011. 
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2.3.3.1 ECCP 

Studies that played a role during the conception of the ECCP in 2001-2003 include the 
studies performed by the German branch of ECOFYS for insulation material 
manufacturer’s association Eurima. These studies provided most necessary ingredients to 
estimate the building’s energy consumption for the residential and the non-residential 
building sector. These studies used a three climate zones and a limited number of 
building categories for which the building dimensions and U-values were provided at EU 
scale. These data are incorporated in Part 2 of the 2011 MEErP methodology. They also 
played a role in the ANNEX 1 of the 2003 ECCP report, which gave a comprehensive 
overview of the CO2-emissions at building and product level58 in 1990 and 2010 (the 
latter in a scenario with or without measures). Other data sources that played a role in 
the ECCP estimate were the outcomes of the PRIMES modelling (status 2001) and the 
anecdotal data of the ODYSSEE energy efficiency database.  

2.3.3.2 National statistics offices 

Since the year 2000, several EU national statistics offices have been trying to put 
together —from national buildings data— European building statistics on the number and 
floor area of dwellings, characteristics of living conditions, etc.. A compilation of these 
data was also included in Part 2 of the 2011 MEErP methodology and it was one of the 
foundations of the Ecodesign Lot 1 preparatory study on the heat load for central heating 
boilers (VHK, 2006-2007).  

2.3.3.3 EPBD 

In the context of the EPBD the European Commission has sponsored studies of national 
ministries and energy agencies as well as efforts of stakeholder groups (and their 
consultants) to get a better grip on EU building statistics that are relevant for the energy 
performance. These include projects such as ENTRANZE or EPISCOPE and TABULA59. The 
most recent information is available from the BPIE (‘Buildings under the microscope’) and 
a study of Ecofys in the context of the Leonardo programme.  

In terms of building numbers these last two studies are complementary. The BPIE study 
has a strong focus on residential dwellings and a tendency to underestimate the space 
heating effort in the non-residential sector. The Ecofys study deals exclusively with the 
non-residential sector.  

2.3.3.4 Ecodesign preparatory studies 

Information on number and size of the EU building stock were retrieved and analysed 
from various sources in the Ecodesign preparatory and impact assessment studies on Lot 
1 (Boilers, VHK 2007) and ENTR Lot 6 (Ventilation, VHK 2011 and Air conditioners, 
Armines 2011).  

Especially for the non-residential sector reliable data were scarce and —e.g. for the Lot 1 
study— had to be estimated on a handful of available national statistics aggregated to EU 
level. Nonetheless, the Lot study presented for the first time a detailed estimate of the 
total EU heated building volume. 

The scarcity of data on non-residential buildings prompted VHK in 2008-2009 to perform 
a proprietary study based on NACE data in order to refine the estimate. Here the 

                                           
58 Instead of the sector level that was(en is) common in the PRIMES and POLES models at the time. 
59 See http://episcope.eu/index.php?id=97 
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researchers did not use only Eurostat but went back to the more detailed national NACE 
statistics. A part of this comprehensive study (the EU totals) was brought in the public 
domain through the ENTR Lot 6 preparatory study on ventilation units. The information 
from ENTR Lot 6 was also included in the MEErP 2011, Part 2.  

2.3.4 SV ratio 

While at least some statistics on building volume can be found, there are no statistics on 
shell surface at all. The SV ratio, i.e. the ratio between the heated shell surface area S 
and heated building volume V, is thus an indispensable intermediate parameter in 
determining the shell surface area. Two approaches to the SV ratio are found:  

 The ‘architectural approach’, where the SV ratio is determined for individual 
dwellings, considering the differences between exterior and interior/adjacent 
walls/floors/ceilings or  

 The ‘urbanistic approach’, which looks at the SV ratio of whole building blocks.  

Although the former approach is the default in most building regulations, it requires 
statistical data on e.g. the number of top-/corner-/floor-/middle-apartments and 
dwellings, which is simply not available. Therefore, the urbanistic approach is followed. 
This means that e.g. terraced dwellings are treated at the level of whole streets (on 
average 15 dwellings/street). Apartment blocks have an SV ratio, which is then 
considered the average per apartment. City blocks, often a neglected category of low-rise 
apartments, are also treated at the level of streets.  

 shows an illustration of the numbers that will be used in the subsequent estimates for 
the residential dwellings. 
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(Source: VHK 2014) 

Figure 12. SV ratio of residential buildings 
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For non-residential dwellings the SV ratio of the reference buildings from ENTR Lot 6 is 
given. These are described in detail in the preparatory studies for ventilation units and air 
conditioners and there is also additional information on occupancy and ventilation rates. 
These data are also given in MEErP-2011, Part 2. 

 

(picture VHK 2014, based on Armines building data) 

Figure 13. SV ratio of non-residential buildings 

 

As will be elaborated in the following, the average SV ratio for residential buildings is 
0.51 and for non-residential buildings it is estimated at 0.32.  

 

2.3.5 Volumes and surfaces 

Based on the definitions, data sources and information in the previous paragraphs the 
following values for heated building volume V (in million m³@18°C), heated floor surface 
area A (in million m²@18°C) and heated shell surface area S (in million m³@18°C) were 
estimated for the EU28 in the year 2010.  

The NACE units refer to the number of companies registered, not (necessarily) to the 
number of buildings. They are used as an indicator and were not updated, i.e. they refer 
to EU25-2005.  
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Table 9. EU28-2010 RESIDENTIAL SECTOR BUILDINGS numbers and geometry 

Source: VHK 2014 
 
RESIDENTIAL SECTOR, Category block dwellings qv V A S/V S A/unit 

only primary dwellings considered m units m units M m³/h 
M m³ 

@18°C 
M m² 

@18°C 
M m² 

@18°C 
m² 

@18°C 

Detached dwellings 34 34 9497 12496 4385 0.85 10622 128 

Semi-detached (2 dwellings/block) 20 39 10181 13395 4700 0.61 8171 128 

Terraced houses (block of 15 dwellings) 2.32 35 8282 10898 3824 0.55 5994 128 
Single family/duplex dwellings 56 108 27960 36789 12909 0.67 24787 

 
City blocks (130 apartments) 

12.8 102 
11424 

24929 8310 

0.28 

6980 81 
Low-rise detached apartment blocks (25 
app.) 0.31 
High-rise apartment blocks (130 
apartments) 6419 0.24 
Multi-family dwellings 12.79 102 17843 24929 8310 0.28 6980 

TOTAL RESIDENTIAL SECTOR 68 210 45803 61718 21218 0.51 31767 0 
                  

 

Table 10. PRIMARY & SECONDARY SECTOR BUILDINGS numbers and geometry 

Source: VHK 2014 
 
NACE PRIMARY & SECONDARY SECTOR, Category NACE V A S/V S 
code   units 

x1000 
M m³ 

@18°C 
M m² 

@18°C 
 M m² 

@18°C 
 A - Agriculture, hunting and forestry      
1 Greenhouses (~20 Mm² heated), breeding 

poultry/swine (heated) 
 202 35 0.35 71 

       
 D. Manufacturing      
15/16 food & tobacco industry (4.7 m jobs) 333     
17/18 textile & textile products (2.6 m jobs) 218     
19 leather, shoes (0.6 m jobs) 49     
20 wood and wood products (1.3 m jobs) 157     
21/22 pulp, paper, publishing & printing (2.6 m jobs) 232     
23 coke, refineries, nuclear fuel (0.2 m jobs) 2     
24 chemicals & pharmaceuticals, man-made fibres (1.9 m jobs) 35     
25 rubber (tyres) & plastic products (1.7 m jobs) 58     
26 glass, ceramics (incl. cement) (1.6 m jobs) 97     
27/28 base metal & metal products (5 m jobs) 359     
29/30 equipment & machinery (incl. office machines) (3.6 m jobs) 168     
31-33 electric & optical equipment (3.7 m jobs) 165     
34/35 transport equipment (3.2 m jobs) 44     
36/37 manufacturing n.e.c ( (2 m jobs) 241     
 Total Manufacturing (34.5 m jobs) 2 158 14 544 2 424 0.33 4 800 

 I.64 & D Warehouses      
64 warehouses  4 646 774 0.33 1 533 
       
 E - Electricity, gas and water supply      
40/41 Production & transmission electricity, gas, water (1.6 

m jobs) 
39 291 73 0.33 96 

       
 F-Construction      
45 Construction sector (4 m office, 12.6 m outdoors jobs) 2 581 654 182 0.3 196 
       
 TOTAL PRIMARY & SECONDARY SECTOR 4 778 20 337 3 488 0.33 6 696 
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Table 11. TERTIARY SECTOR BUILDINGS numbers and geometry 

Source: VHK 2014 
NACE 1.1 TERTIARY SECTOR, Category NACE V A S/V S 
code  units 

x1000 
M m³ 

@18°C 
M m² 

@18°C 
 M m² 

@18°C 
 G.50 Motor vehicles trade & repair      
50.1 sales 185 576 128 0.34 196 
50.2 maintenance & repairs  391 533 118 0.34 181 
50.3 wholesale 71 84 19 0.34 29 
50.4 sales & repairs motorcycles 41 56 13 0.34 19 
50.5 petrol stations 68 31 7 0.34 10 
 Total trade and repair motor vehicles (4.1 m) 756 1 280 284 0.34 435 
 G.51 Wholesale      
51.1 agents 552 201 56 0.3 60 
51.2 seeds, plants, animals, leather 65 48 13 0.3 14 
51.3 food & beverages 214 156 43 0.3 47 
51.4 consumer durables 422 307 85 0.3 92 
51.5 fuels, ore, materials 269 195 54 0.3 59 
51.6/8 machinery, tools, telecom  391 284 79 0.3 85 
51.7/9 other wholesale  70 51 14 0.3 15 
 Total wholesale (9.7 m) 1 983 1 241 345 0.3 372 
 G.52 Retail       
52.1 supermarkets and department stores 326 796 221 0.3 239 
52.2 specialized: food & tobacco 539 179 50 0.3 54 
52.3 chemists, pharmacists, textiles 251 91 25 0.3 27 
52.4 clothing, furniture, appliances 1 675 1 658 461 0.3 497 
52.2/6 mail order, repairs, other 736 233 65 0.3 70 
 shopping malls (general space) 1 240 67 0.3 72 
 Total retail (17.1 m) 3 529 3 197 888 0.3 959 
 H. Hotels and restaurants       
55.1 hotels, motels, conference centres (11 m hotel beds) 159 1 110 247 0.4 444 
55.2 hostels, campings, other tourist lodgings (9 m camp 

places, 2.2 m other) 
117 145 32 0.4 58 

55.3 restaurants incl. fast-food 735 1 402 390 0.4 561 
55.4 coffee store, bar, discotheque 640 279 78 0.4 112 
55.5 canteens and catering 12 28 7 0.4 11 
 Total hotels and restaurants (9.2 m) 1 662 2 965 753 0.4 1 186 
 Section I - Transportation and storage      
60-62/64 Land/water/air/post & telecom (4.7 m office, 6.3 

outside), excl. storage (see warehouses, primary sector) 
 854 214 0.34 291 

 section J- Financial intermediation      
65/66/67 Banks/Insurances & pensions/financial services 

(6.5 m) 
 1 064 295 0.28 298 

 section K - Real estate, renting and business 
activities 

     

70 real estate trade (2.6 m jobs) 1 022 443 123 0.3 133 
71 vehicle equipment rentals (0.6 m jobs, ~2 m rental 

cars/CVs) 
154 112 31 0.3 34 

72 IT consultancy & software (2.7 m jobs) 496 436 121 0.3 131 
73 research & development (0.4 m jobs) 60 44 12 0.3 13 
74.1 solicitors, accountants, consultancy 1 366     
74.2 architect and engineering services 741     
74.3 technical testing and analysis 46     
74.4 advertising 165     
74.5 labour and recruitment 31     
74.6 investigation and security 63     
74.7 cleaning, chimney sweeps 164     
74.8 misc. (photographers, packaging, expo & fair, 

secretariats, call centres, etc.) 
784     

74 business services total (18.1 m jobs) 3 359 2 960 822 0.3 888 
 Total (24.4 m jobs, 20.9 full time jobs) 5 092 3 996 1 110 0.3 1199 
 O.92 Entertainment & news      
92.1 Video & movie production, cinemas 83 908 152 0.3 272 
92.2 Radio & TV 23 481 107 0.3 144 
92.3 Theatres, dancing, amusement parks  450 1 610 358 0.3 483 
92.4 News agencies 37 85 19 0.3 25 
 total (3.4 m jobs) 593 3 084 635 0.3 925 
 Section O -personal services      
93.0x Personal services (hairdressers, beauty parlours, 

laundries, undertakers, hot baths and spas, fitness 
centres, etc.; 5.3 m jobs) 

844 762 536 140 0.18 97 

 TOTAL COMMERCIAL BUILDINGS 858 377 18 217 4 664 0.32 5 761 
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Table 12. PUBLIC SECTOR BUILDINGS numbers and geometry 

Source: VHK 2014 
 
NACE PUBLIC & COMMUNITY SECTOR, Category NACE V A S/V S 

code   
units 
x1000 

M m³ 
@18°C 

M m² 
@18°C   

M m² 
@18°C 

L - Public administration, defence, social 
security 

75.11 Home office & municipalities (6 m civil servants) 505 126 0.3 152 
75.11 Agriculture (ministry 20%, agencies 80%) 51 13 0.28 14 
75.11 Education & culture (Ministry, national labs, etc.)  67 17 0.32 21 
75.11 Social affairs ministry 16 4 0.28 5 
75.11 Transport (ministry 20%, agencies 80%) 57 14 0.28 16 

75.11 
Housing & environment (ministry 20%, agencies 
20%) 20 5 0.28 6 

75.11 Health care & sports ministry 24 6 0.3 7 
75.11 International organisations (0.1 m staff) 23 6 0.32 7 
75.21 Foreign affairs (incl. embassies) 81 20 0.36 29 
75.22 Defence (2.1 m military, 0.3 civil staff) 141 40 0.34 48 
75.23/4 Justice, of which 374 97 0.33 124 

-courts (0.2 m staff) 61 15 0.35 21 
-prisons (0.6 m inmates, 0.28 staff) 136 34 0.35 48 
-police/customs/guards (3 m staff) 141 40 0.3 42 
-other (0.26 m staff) 35 8 0.35 12 

75.25 Fire service activities (0.15 m prof.) 20 4 0.5 10 
75.3 Compulsory social services (0.6 m staff) 55 15 0.3 16 

Total Section L public administration 1807 465 0.32 579 
N - Education 

80.1x (Pre-)Primary schools (ISCED1 28.5 m pupils) 48 873 1422 395 0.53 753 

80.2x 
Secondary education (ISCED2 22.9 m, ISCED 3&4 
23.6 m pupils) 33 460 1582 439 0.31 490 

80.3x 
University and higher education (ISCED 5&6 18.8 m 
students) 13 181 1438 399 0.28 403 

80.4x Other schools and training facilities 268 527 246 69 0.3 74 
TOTAL Education 364 042 4687 1302 0.37 1720 
N - Health and social work  

85.11 Hospitals (2.7 m beds, 74 m²/bed, 21°C) 11 777 727 202 0.23 167 
85.12 Medical practices & polyclinics (1.7 m doctors) 838 808 491 156 0.28 137 
85.13 Dental practices 156 840 69 19 0.29 20 
85.14 Medical labs, paramedics, nursing homes 336 928 1556 432 0.3 467 
85.20 Veterinary clinics 45 754 20 6 0.3 6 

85.3x 
Service homes for the aged/disabled/etc. and day-
care 73 112 476 132 0.36 171 
Total health and social work (22.4 m jobs) 1 463 219 3340 947 0.29 969 
O 90-92: Other community activities- misc. 

90.0x waste disposal/sewage [0.7 workers] 363540 149 37 0.34 51 

91.x 
Political and religious organisations (incl. 200 000 
churches) 365000 1147 152 0.3 344 

92.5 Libraries, museums, zoos 15910 266 67 0.3 80 
Total misc. 744450 1562 256 0.30 475 
O 90-92: Other community activities- sports 

92.6/7 
Commercial sports & betting (ski, golf, riding, 
boating, etc.) 407010 1662 404 0.34 565 
Public indoor swimming pools (20 000m³/unit) 5000 101 8 0.34 34 
Larger sports arena's 520 157 15 0.28 44 
Municipal sports courts (3600 m³/court) 150000 545 68 0.4 218 
Total 562530 2465 495 0.35 862 

  
TOTAL PUBLIC SECTOR & COMMUNITY 
BUILDINGS 3 134 241 13 861 3 464 0.33 4 604 
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2.3.6 Volumes and surfaces: average and totals 

From the data in the previous paragraph and an estimate of the number of floors the 
totals and average EU geometry can be derived. 

Table 13. Heated floor area per floor in Mm² 

floor nr. —> 1 2 3 4 5 6 Total 

Residential single family/duplex 6150 5054 1705 12909 

Residential multifamily 831 2327 2160 1828 748 415 8309 

Commercial 2015 1375 682 428 164 4663 

Public sector 1386 721 678 678 3464 

Industrial & storage 2950 477 61 3488 

Total 13332 9953 5286 2934 912 415 32833 

                

 

Table 14. Heated volume per floor and total -EU28 - 2010, in Mm³ 

 floor nr. —> 1 2 3 4 5 6 Total 

Residential single family/duplex 17527 14403 4859 36789 

Residential multifamily 2493 6980 6481 5484 2244 1246 24929 

Commercial 7855 5380 2785 1605 592 18217 

Public sector 6226 2719 2458 2458 13861 

Industrial & storage 17429 2691 218 20337 

Total 51530 32173 16801 9548 2836 1246 114134 

                

 

Table 15. Average floor height - EU28 - 2010, in m 

 floor nr. —> 1 2 3 4 5 6 Average 

Residential single family/duplex 2.85 2.85 2.85 2.85 

Residential multifamily 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

Commercial 3.90 3.91 4.08 3.75 3.61 3.91 

Public sector 4.49 3.77 3.62 3.62 4.00 

Industrial & storage 5.91 5.64 3.60 5.83 

Average 3.87 3.23 3.18 3.25 3.11 3.00 3.48 

                
 
 

Table 16. Shell surface area per floor - EU28 - 2010, in M m² 

floor nr. —> 1 2 3 4 5 6 Total  

Residential single family/duplex 12305 9649 2833 0 24787 

Residential multifamily 698 1954 1815 1536 628 349 6980 

Commercial 2452 1675 904 553 178 5761 

Public sector 2074 896 817 817 4604 

Industrial & storage 5749 881 65 0 6696 

Total 23278 15057 6434 2905 806 349 48828 
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Figure 13 gives a simple illustration of the average EU building geometry. As mentioned 
before, a city block or a row of terraced houses are presumed to be 1 detached building 
block. The average SV ratio was calculated from the tables above to be 0.43. The 
average building block was constructed from the given ground floor are and then ‘filled 
up’ to the appropriate height, which means that the industrial buildings (including 
warehouses and greenhouses) ended up being 1.15 floors of 5.9 m per floor. The tertiary 
buildings are for a small part integrated in the ground floor of apartment buildings but 
overall they have, at the given ground floor area 2.4 floors of 3.9 m high. The residential 
buildings end up with 3 floors of 3 m high.  

Note that this is an illustration with a simple geometry; it is possible to construct other 
geometries which are equally valid if e.g. the space is not calibrated to the ground-floor 
area, but actual average floor dimensions (up to 6 floors). But in all cases the ‘average 
building’ for space heating purposes would always be a compromise between the average 
of the heated volume and the shell surface. 

Figure 14 presents a compact summary of the findings in Table 13, Table 14, Table 15, 
Table 16.  

 

 
Illustrative, calibrated to ground floor surface area and SV ratio 0.43,  

shell surface area 1906 m², block volume 4422 m³ 
(Source: VHK 2014) 

Figure 13. AVERAGE HEATED BUILDING - EU28 – 2010 
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Data refer to heated volumes and surfaces (inner dimensions) at equivalent of 18 °C indoor temperature (24/7); AG= ground 
floor area; A= total floor area; S= shell surface; V= volume; SV= S/V ratio. bn= 109 

Figure 14. TOTAL HEATED BUILDING VOLUME S & SURFACES – EU28 – 2010 

2.4 Insulation and Ventilation 
2.4.1 Definition 

The assessment of the space heating load requires inputs for  

 U-value in W/(m².K) for the shell surface S (in m²) and the indoor-outdoor 
temperature difference (in K).  

 Hourly air exchange rate q in m³/h per m³ of the heated volume V;  
 Fraction of heat recovered from outgoing air rec (dimensionless, often expressed in 

%); 
 The specific heat capacity of air cair in Wh/(m³.K).  

The U-values include a correction for cold bridges. The hourly air exchange rate includes 
both infiltration through openings in the façade and the intentional ventilation through 
opening windows and/or through mechanical ventilation. Where there is balanced 
mechanical ventilation, a part of the heat from the outgoing air may pass its heat 
through the incoming air by means of a heat exchanger (‘heat recovery ventilation’). The 
specific heat capacity is set as a physical constant set at 0.343 Wh/(m³.K). 

2.4.2 U-value (insulation) 

Insulation values are at the heart of building regulations throughout the EU since the 
1970s. There are direct maximum values, relating to roof, walls, windows and floors, 
and/or they are part of a total energy performance score for new buildings and larger 
renovations. The maximum U-values (or their inverse the minimum R-values) are being 
updated on a regular basis and –generally speaking— the building community tends to 
just comply with them (but no more, except for a few exceptions).  

For the statistics this means, once the aged-distribution and building volumes are known 
(assuming that the average geometry per average unit does not change much) it should 
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be relatively easy to determine the average U-values of the EU building stock. However, 
there are two major problems:  

The first problem is, that these data is usually available at national level, but the retrieval 
and aggregation to EU-level has just started up and much of the information is 
anecdotal. The second problem is, that around 40% of the current building stock in most 
countries was built before 1970 and —especially since the latest crisis— the ‘renewal’ of 
the building stock, at currently a pace of 1.1% new buildings and a 0.06% demolition 
rate per year, is very slow.  

Without detailed information on especially the U-values of buildings erected before 1970, 
it is thus not very useful for the purpose of determining the average space heating load, 
to spend much effort in retrieving the anecdotal U-value data of the last decades.  

Therefore, as in the past, the U-values are built on the Ecofys studies for the insulation 
sector in 2006. The table below gives an overview:  

Table 17. Insulation and ventilation values 

Source: Ecofys 2006 

U-values 
 [W/m²K] 

< 1975 
built 

1975- 
1990 
built 

1990- 
2002 
built 

2003- 
2006 
built 

> 2006 
built 

< 2002 
retrofit 

2003- 
2006 

retrofit 

> 2006 
retrofit 

HiU                 

Roof 0.5 0.2 0.15 0.15 0.13 0.2 0.15 0.13 

Facade 0.5 0.3 0.2 0.18 0.17 0.3 0.18 0.17 

Floor 0.5 0.2 0.18 0.18 0.17 0.2 0.18 0.17 

Windows 3 2 1.6 1.42 1.33 1.6 1.42 1.33 

MidU                 

Roof 1.5 0.5 0.4 0.25 0.23 0.5 0.25 0.23 

Facade 1.5 1 0.5 0.41 0.38 1 0.41 0.38 

Floor 1.2 0.8 0.5 0.44 0.41 0.8 0.44 0.41 

Windows 3.5 3.5 2 1.84 1.68 2 1.84 1.68 

LowU                 

Roof 3.4 0.8 0.5 0.5 0.43 1 0.5 0.43 

Facade 2.6 1.2 0.6 0.6 0.48 1.4 0.6 0.48 

Floor 3.4 0.8 0.55 0.55 0.48 1 0.55 0.48 

Windows 4.2 4.2 3.5 3.04 2.71 3.5 3.04 2.71 

ventilation values (infiltration + active ventilation) [m³/m³.h] 

HiU 0.9 0.6 0.6 0.4 0.3 0.8 0.7 0.6 

MidU 1.2 0.9 0.8 0.7 0.7 1 0.8 0.7 

LowU 1.2 0.9 0.9 0.9 0.9 1 0.9 0.9 

HiU= FI, SE, DK, NL>1990, MidU & Altitude>600 
MidU= AT, DE, FR, IE, UK, BE, LU, NL<1990, LoU & Altitude>600 m 
LoU= ES, PO, IT, GR, CY, MT, SI, CZ, SK, HU, RO, BU, PL, LT, LV, EE 

 

In Lot 1 (2006-2007) the average was estimated to be approximately at the 1990-1995 
level.  
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In the Lot 32 study (draft Feb. 2014) it is estimated that the U-value for windows is 2.32, 
for walls 0.625, roofs 0.5 and floors 0.625 W/(m².K). Windows make up on average 20% 
of the average building shell surface (see Lot 32). Taking as an example the average EU 
building from the previous paragraph the split between windows/walls/roof/floor shell 
surface areas is approximately 20/30/25/25%. The average U-value is thus 0.93 
W/(m².K).  

2.4.3 Ventilation rates and recovery 

Ventilation rates have been extensively investigated in the preparatory and IA studies for 
ENER Lot 10 (residential) and ENTR Lot 6 (non-residential). The figures have been 
subject to scrutiny of all stakeholders (industry, NGOs, experts of Member States, etc.) 
for a number of years. Nonetheless, all values have been revisited with the latest 
information and updated. Table 18 gives an overview. 

Table 18. Ventilation rates EU28 - 2010 

Source: VHK 2014 

NACE 1.1 Description  ventilation  

code qv in M m³/h 

    
TOTAL natural 

exhaust 
or 

supply 
balanced 

balanced
+ HR 

     
Detached dwellings 9 497 7 170 2 184 

 
142 

Semi-detached (2 dwellings/block) 10 181 7 686 2 342 
 

153 

Terraced houses (block of 15 dwellings) 8 282 6 253 1 905 
 

124 

SINGLE FAMILY/DUPLEX DWELLINGS 27 960 21 110 6 431 
 

419 

     
Low-rise multi-family dwellings 11 424 7 400 2 900 100 100 

High-rise multi-family dwellings 6 419 2 950 2 850 50 50 

MULTIFAMILY DWELLINGS 16 400 10 350 5 750 150 150 

TOTAL RESIDENTIAL 44 360 31 460 12181 150 569 

     
A.1 Agriculture (mainly greenhouses) 200 150 33 0 17 

D.3 Manufacturing 14 400 11 500 2 100 600 200 

D.64 Warehouses 4 600 3 680 690 161 69 

E Electricity, gas and water supply 288 230 42 12 4 

F.45 
Construction sector (4 m office, 12.6 m 
outdoors jobs) 600 240 68 204 87 

TOTAL PRIMARY & SECONDARY SECTOR 20 088 15 800 2934 977 377 

G.50 Trade and repair motor vehicles 1 267 507 145 431 185 

G.51 Wholesale 1 229 492 140 418 179 

G.52 Retail 3 517 1 055 468 1 396 599 

H.55 Hotels and restaurants  3 354 671 510 1 522 652 

I.60-64 Transportation and storage 1015 406 112 345 152 

J.65-67 Financial intermediation 947 284 126 374 163 

K.70-74 Real estate, renting and business activities 3 562 1 425 406 1 212 519 

O.92 Entertainment & news 3 053 611 464 1 385 593 

O.93.0x Personal services 700 210 93 278 119 

 TOTAL COMMERCIAL BUILDINGS 18 646 5 660 2 464 7 361 3 161 

 

L.75 Public administration, defence, social security 1656 1 242 79 235 100 
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N.80 Education 3 960 2 376 2 079 99 198 

M.85 Health and social work  5 400 1 620 718 2 143 919 

O 90-92 Political, religious, cultural 1 547 1 470 78 0 0 

O. 92.6/7 Sport 2 541 762 338 1 008 432 

TOTAL PUBLIC SECTOR & COMMUNITY 
BUILDINGS 15 104 7 471 3 292 3 485 1 649 

  TOTAL NON-RESIDENTIAL 53 838 28 931 8689 11 823 5 188 

TOTAL ALL BUILDINGS (Mm³/h) 98 198 60 391 20 870 11 973 5 757 

TOTAL ALL BUILDINGS (%) 100% 61% 21% 12% 7% 

              

 

The table indicates an EU ventilation rate q of 98 billion m³. Taking into account the EU 
heated volume of 114 billion m³ determined in the previous chapter this gives an overall 
air exchange rate q of 0.86 m³.h/m³. For the residential sector q is 0.72, for the tertiary 
sector q —including high ventilation buildings such as hospitals, laboratories and 
swimming pools— q is 1.2 and for the industrial buildings 0.74 m³.h/m³ air exchange is 
estimated. E.g. hospitals are 5%, for the industrial sector 0%.  

For almost 7% of the total flow there is heat recovery. Estimating the thermal efficiency 
at 60%, this means that rec is 4% (0.04). For the residential and tertiary sector, the rec 
is 5%, for the industrial sector 0%.  

From the above it can be calculated that the overall effective ventilation rate that is 
relevant for space heating is q∙(1-rec)=0.82 m³.h/m³, with 0.68 for residential buildings, 
1.15 for tertiary sector buildings and 0.71 m³.h/m³ for industrial buildings.  

2.5 Heat load 
2.5.1 Calculation 

For the EU28 it is now possible to calculate the total heat load with the equation from 
Chapter 2: 

Qbuilding = 0.001 ∙ ΔT ∙ theating ∙ [ S ∙ U + V ∙ q ∙ (1-rec) ∙ cair ]  

becomes 

Qbuilding = 0.001 ∙ 7.5 ∙ 4910 ∙ [ 48.8 ∙ 0.93 + 114.1 ∙ 0.86 ∙ (1-0.04) ∙ 0.343 ] 

≈ 2860 TWh ≈ 10.3 EJ  

subdivided in residential 1725 TWh (60.3%), tertiary 687 TWh (24%) and industrial 448 
TWh (15.7% of total) buildings annual heat loads, using the data from the previous 
paragraphs.  
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For the 210 million residential primary dwellings the average heat load is thus 8214 
kWh/a. Per degree indoor-outdoor temperature difference (7.5 °C) this is 1095 kWh/a. 
This confirms that the internal heat gain of 2500 kWh/a is equivalent to 2.3 °C. 60  

Using the two terms of the equation, the total can also be subdivided in 59% 
transmission losses (including cold bridges) and 41% ventilation and infiltration losses. 
Divided over the 11.5 K gross temperature difference, this amounts to 6.5 (transmission 
losses) and 4.5 K (ventilation losses).  

The following diagram gives a summary. 

 
(Source: VHK 2014) 

Figure 14. Average EU Heat balance for space heating 2010 

  

                                           
60 Mathematically this is more of an iteration than a straightforward calculus, because the value is used both as 

an input and an output; still, it works.  
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Table 19: Summary Space heat load characteristics EU building stock 2010 

TEMPERATURES for average 7-month heating season (t =4910 h) 

Outdoor Temperature Tout °C   Indoor Temperature Tin °C 
Surface-weighted average ~3.5-4  indoor 24h average  18 

Population-density weighted average 6.5  correction solar gain 1.2 

Correction for local effects (e.g. urban heat 
island) 

0.6  correction internal gain 2.3 

Average EU building Tout  ~7.0  Average EU building Tin 14.5 

Indoor/outdoor temperature difference (all) ΔT = 7.5 °C 

Correction for district heating (DH) 0.4    

Average EU building, excluding buildings heated 
by district heating 

7.5       

Indoor/outdoor temperature difference (excl. district heating) ΔT =7 °C 

 

GEOMETRY (heated surfaces and volumes, at 18 °C, ~2010)   

Parameter, unit Symbol Residential Tertiary Industrial EU Total 

Floor area, in bn m² A 21.2 8.1 3.5 32.8 

Ground floor area, in bn m² AG 7.0 3.4 2.9 13.3 

Shell area, in bn m² S 31.7 10.4 6.7 48.8 

Volume, in bn m² V 62 32 20 114 

Shell surface/ volume ratio SV 0.51 0.32 0.33 0.43 

 

PHYSICS         

Parameter, unit Symbol Windows Walls Roof Floor 

Insulation value in W/m².K 2.32 0.625 0.50 0.625 

Share of total shell surface - 20% 30% 25% 25% 

Average U value, U 0.93 

Residential Tertiary Industrial EU Total 
Ventilation air exchange, 
in m³.h-1/m³ 

q(1-rec) 0.68 1.15 0.71 0.82 

 

TOTALS 

Space heating load, in TWh/a Qbuilding =0.001*ΔT*t * [S*U + V*q(1-rec)*cair] 

=0.001*7.5*4910*[48.8*0.93+114*0.82*0.343] 

≈ 2860 

Residential Tertiary Industrial EU Total 

Space heating load, in TWh   1725 687 448 2860 

 

  



 

Ecodesign Boilers, Task 3, Final | July 2019 | VHK for European Commission 51 

2.5.2 Ecodesign coverage of space heating load 

The aim of the study is to make a best possible estimate for the heating load of HVAC 
equipment that is regulated by Ecodesign and possibly for the energy labelling measures. 
The logical next step, after having established the total heat load of the EU building stock 
at 2860 TWh/a in 2010, is to establish which part of the total EU space heating load is 
covered by Ecodesign-regulated equipment.  

The Ecodesign regulation does not cover:  

 District heating; 
 CH boilers with nominal power larger than 400 kW; 
 Cogeneration space heaters (‘CHP’) with electrical capacity larger than 50 kW; 
 Steam boilers;  
 Waste heat recovery from industrial equipment/processes. 

As is shown in the next paragraphs, the district heating represents an energy use of 448 
TWh in 2010-2011. This is heat measured at the place of use, i.e. the figure does not 
include generation losses. Considering some 10% losses from e.g. suboptimal controls, 
the heat load of buildings with district heating can thus be estimated at around 400 TWh.  

Industrial steam boilers, CHP for internal use and waste heat recovery are estimated to 
be the largest contributors to space heating in industry, but it is very difficult to separate 
the (high/medium) temperature process heat from the low-temperature space heating 
end-use. Based on anecdotal data, it is estimated that dedicated space heating 
equipment covers only one-third of the total heat load and two-thirds, i.e. around 300 
TWh/a, comes from equipment that is (currently) not in the scope of Ecodesign 
measures61. 

Regarding the share of large heating boilers (>400 kW) there are no statistical data. 
These would typically be used to heat large buildings in the industrial and service sector 
(e.g. hospitals, large hotels, schools, offices) or as block heating boilers in large 
apartment buildings. It is estimated that these large boilers serve at least some 8-9% of 
the total space heating load, i.e. ~260 TWh.  

Based on the above, with large uncertainties, it is plausible that 940 TWh of the 2860 
TWh heat load is covered by equipment that is currently not in the Ecodesign-scope. This 
would mean that 1900 TWh would be the space heating load that is covered by all 
products in the scope of Ecodesign.  

  

                                           
61 Lauterbach, Christoph, Potential, System Analysis and Preliminary Design of Low-Temperature Solar Process 

Heat Systems, Kassel university press GmbH, 2014. Lauterbach mentions 11% of industrial heat (in 2010) 
is going to space heating applications, explicitly defined as such. For the EU 2012 the final consumption is 
283 Mtoe, of which 87 Mtoe electricity. Taking into account only fossil fuel as source for heating (196 Mtoe, 
2280 TWh) this would mean 250 TWh that goes to dedicated space heating equipment. Assuming a heating 
system efficiency of e.g. 60% this would mean that only 150 TWh of space heating load is covered. This is 
one-third of the industrial space heating load of 449 TWh.  
Also consulted are varied IPPC-BREFs (see regarding waste heat use and CHP. IPPC=Integrated pollution 
prevention and control. See: eippcb.jrc.ec.europa.eu)  
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2.5.3 Eurostat Energy Balance 

The annual Eurostat Energy Balance is the reference for most EU energy policy studies 
like PRIMES. It would be the ultimate check whether the estimates in the previous 
chapters make sense and establish the order of magnitude of the possible error of the 
aggregate.  

Eurostat’s Energy Balance does not supply the figures for space heating energy directly. 
However, it does specify the use of fossil fuels (natural gas, heating oil, LPG, solid fuels, 
derived heat, etc.) that are predominantly used for space heating in the residential and 
services sector. If we use the EIA report estimates to exclude non-space heating uses for 
these fuels, like water heating and cooking, we have a fair estimate of the fossil fuel use 
for heating. For electricity the share of electricity-driven space heaters (resistance 
heaters and heat pumps) can only be established by applying (corrected) EIA report 
numbers, but still the fossil fuels dominate space heating and the comparison would still 
be valuable.  

For the industrial sector it is more difficult to derive the estimate from Eurostat’s Energy 
Balance. There is a large variety of space heating sources like steam boilers (the low 
temperature cascade), low temperature process waste heat, combined heat & power 
(CHP), etc. But especially in the manufacturing industry there is a fair share of dedicated, 
conventional central heating boilers. Also, large air heaters in industrial warehouses are 
typically included in the current Ecodesign scope.  

The same goes for the agricultural sector, which uses central heating boilers and certain 
local heaters that fall in the scope of Ecodesign e.g. for poultry farming and greenhouses. 
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Table 20. Final consumption of selected energy sources possibly used for heating 

Source: Eurostat EU28 Energy Balances 1990-2012, 2014 edition 

in TWh* 
Solid 
fuels 

LPG 
Kerosene 
('Other') 

Gas Oil  
(w/o 
bio) 

Fuel  
Oil 

Gas 
(total) 

Solid 
Biomass 

Derived 
heat 

Elec-
tricity 

Residential 
        

2012 108 73 36 330 2 1 259 454 252 828 

2011 107 76 36 329 3 1 175 421 256 803 

2010 126 85 47 371 4 1 406 449 265 845 

2005 103 99 41 488 8 1 370 355 261 806 

2000 118 101 40 508 14 1 312 331 271 720 

1995 220 102 32 565 14 1 101 296 303 659 

1990 378 98 27 546 27 912 258 320 609 

Services 

2012 13 22 1 162 4 531 13 106 845 

2011 17 23 0 167 6 512 12 110 829 

2010 19 25 0 188 7 583 12 117 850 

2005 12 30 1 228 11 523 9 104 732 

2000 17 22 1 227 12 354 7 73 633 

1995 46 18 2 241 29 421 7 56 515 

1990 143 17 2 252 37 314 4 53 441 

Industry** 

2012 37 21 17 80 24 177 35 74 1 008 

2011 39 24 17 78 28 184 42 65 1 037 

2010 40 24 19 90 36 196 41 76 1 030 

2005 54 28 19 128 66 209 35 88 1 133 

2000 85 33 16 128 95 212 31 59 1 061 

1995 110 30 8 123 135 191 57 85 961 

1990 177 25 7 126 197 288 59 158 993 

Agriculture 

2012 14 8 0 138 2 46 17 3 44 

2011 14 8 0 143 2 43 17 3 45 

2010 16 8 0 147 2 43 19 3 44 

2005 12 9 0 177 8 45 15 4 44 

2000 13 8 1 182 8 47 14 6 40 

1995 23 7 1 196 16 48 14 7 40 

1990 21 7 1 192 11 55 9 17 49 

TOTAL of the above 

2012 172 124 53 710 32 2 013 519 435 2 725 

2011 177 131 53 717 40 1 914 492 435 2 714 

2010 201 143 66 795 50 2 227 521 461 2 769 

2005 181 165 61 1 021 93 2 146 414 458 2 714 

2000 233 164 58 1 046 129 1 925 383 409 2 454 

1995 398 157 44 1 124 193 1 761 375 452 2 175 

1990 720 147 37 1 116 272 1 569 330 547 2 093 

* 1 TWh=11.63 Mtoe. All fuels are expressed in Net Calorific Value (NCV) primary energy, electricity in TWh electric. Consumption figures are given 
for non-transport applications (Transport is a separate category) 

** Solid fuels, LPG, Kerosene, Gas Oil, Fuel Oil, Waste(non-renewable): Transport Equipment, Machinery, Food, Paper, Wood, Construction, 
Textile, Non-specified Industry are included. Gas includes Transport Equipment, Machinery, Wood, Construction, Textile, Non-specified Industry 
(Food, Paper and Textile as well as heavy industry are excluded). For Biomass all industry is included except the Paper and Wood industry. For 
Solar thermal and Geothermal all industry is included. For derived heat all industry is included **except the Chemical and Paper industry. The 
electricity includes all industry (only small part is space heating, but this gives the total) 
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A recent new Eurostat source is the energy consumption of households for various end-
uses, amongst others space heating. National statistics offices were required to hand in 
those data to Eurostat starting 2015, but there are several countries that have asked for 
derogations. In principle, this source is valuable but it is not fully transparent how the 
accounting e.g. of ‘derived heat’ is done. 

Table 21 below gives the EU28 totals for the period 2015-2017, converted to primary 
energy (in NCV and with pef 2.5). It shows a 4% increase in 2016 versus 2015 and a 1% 
energy saving between 2016 and 2017.  

Table 21. Energy consumption households for space heating, EU28, 2015-2017 

Source: Eurostat, extract Jan. 2019, conversion VHK* 

Energy Source Specific Energy specific units conversion 
TWh primary energy (pef 

2.5, NCV) 

    units 2015 2016 2017 to TWh ncv 2015 2016 2017 

ELECTRICITY GWh 110170 117718 113534 2.500 275 294 284 

DERIVED HEAT TJ (NCV) 661833 697771 728594 0.278 184 194 202 

GAS TJ (GCV) 3511087 3722519 3642725 0.250 878 931 911 

SOLID FOSSIL FUELS kt 15048 15520 15219 7.917 119 123 120 

OIL & PETROLEUM  kt 25883 25180 24669 0.000 299 291 294 

o/w LPG kt 2279 2508 2305 12.778 29 32 29 

  gasoil/diesel kt 20282 19312 19938 11.944 242 231 238 

  Other 
kerosene 

kt 2310 2367 2289 11.750 27 28 27 

RENEW. & WASTES TJ (NCV) 1749564 1790198 1787204 0.278 486 497 496 

o/w Solar thermal TJ (NCV) 10010 10212 10417 0.278 3 3 3 

  Solid biofuels  
excl. charcoal 

TJ (NCV) 1571189 1595965 1584748 0.278 436 443 440 

  Biogases TJ (NCV) 11392 13151 14364 0.278 3 4 4 

TOTAL 2241 2329 2308 

            Y-o-Y   4% -1% 
*= in case of missing data per country, usually in 2015 and/or 2016, the closest data were 
chosen (usually 2016 or 2017) 
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An overview per Member State is given in the table hereafter. 

Table 22. Energy consumption of households for space heating 2017, in TWh primary energy, per 
EU member state 

Source: Eurostat, Jan. 2019; converted to table in primary energy (electricity at pef=2.5, fuels in NCV) by VHK 2019.  

C
o
u
n
tr

y 

E
L
E
C

T
R

IC
IT

Y
 

D
E
R

IV
E
D

 H
E

A
T
 

G
A

S
 

S
O

L
ID

 F
U

E
L
S

 

O
IL

&
 P

E
T

R
O

L
E

U
M

  
P

R
O

D
U

C
T
S

 

o/
w

 L
P
G

 

o/
w

 g
a
so

il/
d
ie

se
l 

o/
w

 o
th

er
 k

e
ro

se
n
e
 

T
O

T
A

L
 W

A
S

T
E

 &
 

R
E
N

E
W

. 

so
la

r 
th

er
m

al
 

so
lid

 b
io

fu
el

 e
x
cl

. 
ch

ar
co

al
 

b
io

g
as

e
s 

T
O

T
A
L 

AT 6.3 7.6 14.7 0.2 10.9 0.4 10.5 - 17.7 0.5 15.9 0.0 58 

BE 5.4 0.0 32.5 0.9 27.1 1.2 25.6 0.3 6.7 0.0 6.6 - 73 

BU 3.2 2.5 0.6 2.1 0.0 0.0 0.0 - 8.4 - 8.4 - 17 

HR 0.8 1.3 4.1 0.1 1.0 0.1 0.9 - 12.3 0.0 12.2 - 19 

CZ 6.7 8.4 15.4 15.7 0.4 0.4 - - 20.0 0.0 20.0 - 67 

DK 2.4 12.4 5.0 - - - - - 13.4 - - - 33 

FI 26.6 13.9 0.2 0.1 2.9 - 2.9 - 12.6 0.0 12.5 - 56 

FR 95.8 12.1 109.9 0.4 50.0 4.1 43.8 2.1 101.7 0.2 77.5 - 370 

DE 20.5 47.1 200.2 7.5 112.9 6.0 106.8 - 60.0 1.0 55.5 3.3 448 

GR 3.3 0.5 4.0 0.1 13.9 0.7 13.1 0.0 8.6 0.0 8.0 - 30 

HU 1.1 4.4 28.9 3.4 0.1 0.1 - - 18.6 - 18.6 - 57 

EI 1.8 - 4.5 5.5 8.3 0.3 1.3 6.6 0.5 0.0 0.3 - 21 

IT 2.7 9.2 154.1 - 18.4 8.6 9.8 0.0 74.8 0.1 74.7 - 259 

LV 0.2 3.2 0.7 0.1 0.3 0.0 0.3 - 4.8 - 4.8 - 9 

LT 0.4 4.7 1.2 0.9 0.2 0.0 0.2 - 5.1 - 5.1 - 12 

LU 0.5 - 2.4 0.0 1.9 0.0 1.9 0.0 0.3 - 0.3 - 5 

MT 0.1 - - - 0.1 0.1 0.0 - 0.0 - 0.0 - 0 

NL 3.4 2.3 61.8 0.0 0.4 0.3 0.1 0.1 5.3 - 5.3 - 73 

PL 3.3 31.7 22.9 75.8 1.0 0.3 0.7 - 27.3 0.0 27.3 - 162 

PT 2.8 - 0.1 - 0.4 0.1 0.3 - 4.6 0.0 4.6 - 8 

RO 0.3 9.4 16.5 1.1 0.0 0.0 - - 30.4 - 30.4 - 58 

SK 2.4 4.3 10.8 0.4 0.1 0.1 - - 0.3 0.0 0.3 - 18 

SI 0.8 0.8 1.1 0.0 1.2 0.2 1.1 - 4.9 0.0 4.7 - 9 

ES 12.9 - 20.1 0.8 21.7 4.4 17.3 - 28.5 0.2 28.3 - 84 

SE 34.5 23.6 0.3 - - - - - 9.4 - - - 68 

UK 45.7 3.0 198.6 5.3 21.3 2.1 1.4 17.8 20.1 0.6 18.8 0.7 294 

EU 
### 

284 202 911 120 294 29 238 27 496 3 440 4 2308 

12.3% 8.8% 39% 5.2% 13% 1.3% 10.3% 1.2% 22% 0.1% 19.1% 0.2% 100% 
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N. Pardo et al, Heat and cooling demand and market perspective, DG JRC, Report EUR 
25381 EN, 2012 

Residential Space heating demand 2009: 6765.9 PJ = 1879 TWh 

Residential Water heating demand 2009: 1555.4 PJ = 432 TWh 

Service sector space heating demand 2009: 2284.8 PJ = 635 TWh 

Service sector water heating demand 2009: 624.9 PJ = 174 TWh 

Industrial sector heat demand 2009: 4434 PJ = 1231 TWh 
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2.5.4 Towards an EU space heating balance 

So far, two Eurostat sources for a top-down estimate have been introduced:  

The Eurostat Energy Balance for all sectors and energy sources, without a split in end-
uses, and  

the recent Energy Consumption of Households statistics, which gives a split in a few 
major end-use categories per energy source and per country but only for the residential 
sector.  

To this the bottom-up analysis in the VHK Ecodesign Impact Accounting (EIA) can be 
mentioned. This is a comprehensive overview of all data from Ecodesign and Energy 
Labelling studies over the past decade, calculated with a harmonised methodology and 
showing the savings projected per policy measure. In the case of boilers and water 
heaters the EIA builds on the 2007 preparatory study and the 2010 impact assessment. 
Furthermore, there have been improvements in 2015 as regards the space heating load, 
also coupling the ventilation heat loss in the calculation model.  

The table hereafter brings together these sources to give an approximate picture of 
where the central heating boilers are in the total EU heating balance. The Eurostat data 
show the residential space and water heating figures from the Energy Consumption of 
Households. For the service sector, based on the Eurostat Energy Balance, all fuels and 
15% of electricity62 are partitioned to heating applications. The industry data are also 
based on the Energy Balance, taking 50% of the fossil energy use of the manufacturing 
industries (transport equipment, machinery, paper, food, textile, construction and non-
specified) and 15% of its electric energy use for space heating. The other 50% is 
assumed to be process energy. For the base industry (ferro, non-ferro, chemicals, 
minerals, wood) all energy is assumed to be process energy. It is a crude estimate, but 
the best that Eurostat allows at present.  

The EIA data are split per product group and —roughly— per energy source. 

The table suggests that the current Ecodesign measures cover over 70% of the total EU 
space and water heating in general and almost 85% of gas, oil and electricity use for 
space- and water heating. Ecodesign does not cover district heating equipment and –so 
far—does not cover large space heaters with a capacity of over 400 kW nor cogeneration 
(CHP) equipment with a capacity of over 50 kW.  

The primary energy use for CH boilers in EIA is 1677 TWh/year, split between 1382 TWh 
fossil fuel (gas- & oil) and 295 TWh primary energy equivalent of electricity. Following 
the Eurostat analysis of residential heating, the gas consumption is approximately 3 
times the oil consumption.  

The electricity equals 118 TWh electrical energy (TWhe) that goes to electric resistance 
boilers (33 TWhe), electric heat pump boilers (..-to-water, 63 TWhe) and auxiliary 
electricity (including circulators, 22 TWhe)  

Per sector, in EIA the energy split for space heating is believed to be 60% residential, 
25% services, 12% industry and 3% other (agriculture).  

The energy demand calculated in EIA is 1202 TWh in the EU28 in 2017. This is 42% of 
the total space heating load of 2860 TWh/year. With the given energy use of 1677 TWh 
                                           
62 The estimate is that 15% of electricity goes to electric central and local air heating (air conditioning), 45% to 

space cooling and 40% to other applications (electronics, lighting, etc.) 
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primary energy (on NCV of fuel and a pef of 2.5) this gives an efficiency number of 72% 
on NCV. On Gross Calorific Value (GCV) the efficiency will be around 66% for the 
installed stock of boilers.  

Table 23 also indicates that still some 404 TWh of gas & oil use is not covered by EIA. If 
the scope of the measures is expanded e.g. to cover also boilers above 400 kW (up to 1 
MW), a large part can be included in the scope; e.g. the 240 TWh estimated earlier. 
Especially where these are old centralised boilers for apartment buildings and public 
buildings, the saving potential can be considerable.  

Table 23. Primary energy consumption EU28, in TWh primary 

Data from Eurostat Energy Balance 2016, Eurostat energy consumption households for space and water heating 2016 and VHK 
Impact Accounting 2017 heaters 

in TWh, primary energy NCV 
(conversion by VHK) 

Elec-
tricity 

Derived 
heat Gas Oil 

Solid 
fuels 

Renew. 
(mainly 

bio-
mass) 

TOTAL 

  
@pef 
2.5           

                

Residential space heating 735 194 911 294 120 503 2757 

Residential water heating 573 53 231 49 10 41 957 

Services (15% of elec) 317 108 538 150 11 25 1149 

Industry (50% of 
manufacturing industry energy, 
15% of electr.) 

203 45 213 67 17 89 634 

Agriculture (50% of elec and 
oil) 61 3 40 75 13 17 209 

TOTAL 1889 403 1933 635 171 675 5706 

   
Ecodesign Impact Accounting 2017 (only products in scope) 

  
-CH boiler 295   1382     1 677 

-Solid fuel boiler       17 148 165 

-Central air heating 133   124     257 

-Local space heater 395   30 12 155 592 

-Room airco reversible 78         78 

space heating 900   1536 29 303 2 768 

 
-dedicated WH 565   154     719 

-CH Combi 8   402     410 

water heating 573   556     1 129 

 
-residential hob 78   29     107 

-residential oven 58   10     68 

cooking (res only) 135   72     207 

TOTAL in TWh 1608 0 2164 29 303 4104 

Missing in EIA heating 281 403 404 142 372 1602 

EIA heating coverage (%) 85% 0% 84% 17% 45% 72% 
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3 WATER HEATING LOAD 

3.1 Hot water consumption 

There are almost no specific surveys of HOT water use, but there are sources for average 
domestic WATER use in general, with sometimes consumer surveys (diaries, interviews) 
that expand on share of showers, baths, bathroom sinks (‘lavabo’) and other 
characteristics.  

Directly or indirectly (national statistics office, Eurostat, NGOs, environmental agencies, 
etc.) almost all these surveys and statistics on water use come from associations of 
water utilities. Especially the data given by indirect sources are often outdated, 
incomplete and/or inaccurate.  

Outdated, while consumption is declining 

The residential water consumption in most European countries is declining. In some 
Eastern European countries, i.e. the Baltics, the decline can be more than 50% over the 
last 20 years. But also in Western-Europe, water consumption –both residential and non-
residential—has been declining by 10-20% over that 20-year period. In other words, it is 
important to find the most recent figures because figures from 10 years ago may be 10-
30% ‘off’.  

Missing data 

Not all countries have a well-organised national water utility association that retrieves 
data from its members. Hence, also the EU association (EurEau) cannot cover all 
countries. For instance, the 2017 edition of the European water utilities association 
EurEau cannot supply information regarding water consumption for Bulgaria, Estonia 
(and other Baltics), Croatia, Ireland, Luxemburg and the UK.  

Note that water utilities generally account only for water from the grid, which is fine for 
hot water use. But statistics on total consumption may be skewed when sources consider 
not-grid water e.g. for irrigation, e.g. surface water, (often illegal) groundwater 
boreholes, etc. or bottled water (although impact of the latter on total water consumption 
is small). 

Small businesses with a residential contract 

The water utilities register the water consumption they have billed to their residential 
customers. But in most cases, unless there is an ex-post correction from additional 
surveys, this includes small businesses such as bars, small bistros, hairdressers, etc. that 
have a ‘residential’ contract but consume much more water than an average household. 
Germany explicitly mentions these small businesses to cause an extra 11 L/cap/d on 
their ‘household average’ of 121 L/cap/d. Also in other countries, e.g. Ireland, corrections 
for small business consumption are made. 

District heating hot water billed as non-residential 

The water utilities often do not consider the hot water that district heating companies are 
delivering to the households, because in a first instance that water is not billed to 
households but to the district heating company. This is the case in Baltic states, where 
around half of the households have 2 meters for sanitary water: one for cold water from 
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the water utilities and one for hot water from district heating. Only if there are surveys 
‘behind the meter’ and/or the share of district heating is small, consumption values are 
more reliable.  

To take Latvia as an example, the Task 2 report (Table 45, source: BRG 2017) shows 
54% of Latvian dwellings to be connected district heating, including domestic hot water 
supply63. In fact, 65-70% of heat went to space heating and 30-35% to hot water 
supply64. The Latvian statistics office shows a domestic hot water consumption of 14.59 
m³/capita/year, i.e. 40 L/cap/year, in "Annual consumption of hot water per person in 
dwellings having hot water meters".65 So 54% of 40 L/cap/d (22 L/cap/d) have to be 
added to the average cold water consumption billed by the water supply companies to 
residential consumers.  

The latter is estimated at 84 L/cap/year66. In other words, the total water consumption 
for Latvia is estimated at 106 L/cap/year. This type of reasoning is true for the Baltic 
states and e.g. most of Poland, but not for instance for Sweden, where often sanitary hot 
water is produced by district heating but in a substation that is 'after the water meter' (in 
flat or house). Thus, the water utilities will recognize this as water for residential 
consumers. In other countries, mainly in Eastern Europe, there is anecdotal information 
that there is a mix of both billing situations.67 The study team will make a correction on a 
case-by-case basis if the district heating share in a country is significant and anecdotal 
information shows that district heating domestic hot water could have been missed in the 
published numbers. In the end, for the Baltics (LV, LT, EE) and Slovakia an extra 22 
L/cap/d was added. 

Leakage losses in the distribution network 

The water utilities know the distinction between water withdrawn for households, i.e. 
water resources set apart at the source, and the actual delivery of water to the 
households, i.e. after the meter, because the leakage losses in distribution can be huge: 
up to 40-50% with an EU average of 27%. However, the less knowledgeable indirect 
sources often confuse leaks with ‘withdrawals’ for consumption and publish consumption 
figures that are much too high. 

Leakage losses in house 

Finally, water leakage of toilets, taps, piping inside the home is not considered in any 
assessment. Yet, it is known that especially the leakage of toilets, e.g. inside the 
reservoir, which is the most difficult to detect, can have a significant impact.68  

For the moment, because there are no statistical data, also here the study team does not 
consider leakage losses inside the home.  

 

                                           
63 VHK, Preparatory Review Study Ecodesign and Energy Label for Water Heaters, draft interim report for the 

EC, 14 November 2017 (Table 45, Water Heater Park 2016, source BRG) 
64 PWC, Latvia Art 14 Assessment, for the Latvian Ministry of Economy, Feb. 2016.  
65 https://data1.csb.gov.lv/pxweb/en/vide/vide__energetika__energ_pat/EPM³90.px 
66 Assumed similar to neighbouring Estonia, which in a similar situation as regards district heating.  
67 Euroheat & Power, Country Profiles 2015, 2016. 
68 http://www.allianceforwaterefficiency.org/Household_Leaks.aspx 
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Variation between individual users 

The study team is looking for statistical averages to make the parameters manageable. 
Having said that, it is important for policy makers to realise that in individual cases water 
consumption can be half or twice as much as the average. In that sense, especially for 
showers, baths and other hot-water end uses, this study has retrieved information on the 
spread in frequency and capacity, dependence on family size, etc.. This is reported in a 
separate section. Also, the study looked at non-residential (hot) water use in as much as 
information is available.  

Reporting 

The study team has made a considerable effort to retrieve and analyse water 
consumption and water end-use data in the EU28 and the two largest EFTA-countries 
Norway and Switzerland.  

3.2 Water consumption per capita 

The section hereafter starts with the end-result of the research: a graph of total EU water 
use by country, showing an average of 132 litres/capita/day. Subsequently sources and 
details per country are discussed.  

 
source: EUREAU, Europe’s Water in Figures, 2017 edition 

Figure 15. European Union, Average residential consumption in litres/inhabitant/day 
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EU Source: Eureau, Europe's water in figures, 2017 edition. 
http://www.eureau.org/resources/publications/1460-eureau-data-report-2017-1/file . Accurate source but 
does not cover all countries. The average consumption for member countries is 128 litres per inhabitant 
per day. The average household composition is 2.3 inhabitants and the average consumption per 
household is 111 m³/household/year. Average water cost 380 euro per household (between 2012-2015 
roughly 3.25 euro/m³). In real terms (corrected for inflation) rises of 4% annually.  

Alternative source 1: Eurostat, Water Statistics https://ec.europa.eu/eurostat/statistics-
explained/index.php/Water_statistics. Incomplete, often outdated and sometimes inaccurate source; to 
use with caution.  

Related Ecodesign source: Cordella, M. et al., MEErP Preparatory Study on Taps and Showers, draft Final 
Report, JRC IPTS, 2014. 

Cordella, M. et al., Follow-up of the MEErP Preparatory Study on Taps and Showers, Draft Report v 1.8, 
October 2018. 

AT Source: Austrian Ministry on Sustainability and Tourism  
https://www.bmnt.gv.at/wasser/nutzung-wasser/Trinkwasser.html  
Source: https://www.bmnt.gv.at/english/water/Use-of-water/Supply-and-use-of-water-in-Austria.html 
End-uses original source 'WAVE' study 2012, BOKU SIG 

BE Source: https://www.vmm.be/nieuwsbrief/maart-2018/vlaming-verbruikt-114-liter-water-per-dag The 
Vlaamse Milieu Maatschappij found from a survey of 504 Flanders households 114 L/cap/d, including 14L 
for rain- and ground water for irrigation. In the table this 14L is subtracted mostly from outdoor use. Use 
of water from public grid is 100 L/cap/L in Flanders and approximately also in the Brussels region (source: 
Watermeter 2016-2017, drinkwaterproductie en -levering in cijfers, 2017; 
https://www.vmm.be/publicaties/watermeter-2016-2017 ). In a 1/2/3/4/5-person family the water 
consumption (from the grid) per person is respectively 131/103/95/87/84 L/cap/d. In the Wallon region 
89L/cap/d is found (source: Tableau de bord de l’Etat de l’environnement wallon 2010), reportedly 
because more rainwater is used for irrigation than in Flanders.  

BG Source: http://bnr.bg/en/post/100915572/water-prices-in-bulgaria-go-up-water-loss-reaches-57 
According to official data, in 2016 the total quantity of used water in Bulgaria, including fresh water 
amounted to 4,721 million cubic meters, which was similar to the usage in the previous year. The average 
consumption of fresh water per day per capita amounts to 100 litres. (3 Jan. 2018) 

CH Source: http://wasserqualitaet.svgw.ch/index.php?id=874 
SVGW (Swiss Association of Gas- and Water Sector) Der Wasserbedarf in der Schweiz sinkt 
In Switzerland over the last 20 years the water consumption has fallen by more than 25% and today is 
around 142 litres per household (excluding non-residential consumption). The main reason given for the 
decrease is the water-efficiency improvement of washing machine and dishwasher, shower-heads and 
(dual-flush) toilets. 

CY Sources: Eureau 2017 mentions 148 L/cap/d. The source from Malta (see there) cites a 2009-Techneau 
project for Cyprus that says 198 L/cap/d for local residents and 440 L/cap/d for tourists. He also mentions 
the problems of illegal (irrigation) boreholes for groundwater, which –amongst others- make it difficult to 
make an exact estimate of real use. See also Sofroniou, A. and Bishop, S., Water Scarcity in Cyprus: A 
Review and Call for Integrated Policy, Water 2014, 6, 2898-2928; doi:10.3390/w6102898 ( 
www.mdpi.com/journal/water ).  

CZ Source: http://www.chem-engi.com/blog/is-water-worth-more-than-gold 
Water consumption in the Czech Republic reached its peak in 1965, when every adult used up to 300 litres 
of water in a day 

DE Sources: German statistics office (through UBA) and the German association of the energy- and water 
sector BDEW mention an average consumption in 2013 of 121L/cap/d of which 11L for small business 
contracts (leaves 110 for households). In 1990 147L/cap/d but since 2007 it is stable at a level of 121-123 
L/cap/day.  
https://www.umweltbundesamt.de/daten/private-haushalte-konsum/wohnen/wassernutzung-privater-
haushalte#textpart-1 
Wasserfakten im Überblick (Stand: Juni 2018) : https://www.bdew.de/media/documents/Wasserfakten_-
_%C3%96ffentlicher_Bereich_Juni_2018_Ott_o_online_j__24072018.pdf 
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DK Source: https://stateofgreen.com/en/partners/danva/news/new-publication-from-danva-water-in-figures-
2016/ 
DANVA Danish Water and Wastewater Association, Water in Figures 2016, 2018. 
In the last 10 years Denmark's water use has dropped by more than 10%. Average daily consumption for 
strict household use, without leakage losses in the grid, is now 38.8 m³/year/person which is the 
equivalent of 106 litres per person per day.(2015) 

EE Source: Source: Estonia Environment Agency. https://www.keskkonnaagentuur.ee/en/water-2. The 
Agency reports for 2017 a water use intended for domestic purposes of 30 m³/inhabitant/year, which 
comes down to 84 L/cap/d ( in 2008, the figure was 15% higher at 97 L/cap/year). To this 22 L/cap/d was 
added for hot water from district heating, making the total 106 L/cap/d. 

EL Anecdotal source: 
https://www.researchgate.net/publication/225943084_Evaluating_Demand_Management_Aspects_of_Urb
an_Water_Policy_The_City_of_Volos_Case_Greece 
City of Volos (120 k inhabitants) —> average 190 L/cap/day. Assume the value of eureau (185 L/cap/d) 

ES Source: Aquae Papers 6 “La reducción del consumo del agua en España: Causas y tendencias”, 2013. 
http://fundacionaquae.org/sites/default/files/aquaepapers6es.pdf 
https://www.iagua.es/blogs/facts-and-figures/cual-es-distribucion-consumo-agua-hogares-espanoles 
Research project for the water utilities investigating why the water consumption in Spain is declining. Two 
case studies, i.e. Alicante (2000-2013, decrease from 154 to 119 L/cap/d) and Barcelona (2007-2013, 
service of area Aïgues de Barcelona, decrease 10-11% to 108L/cap/d). The authors mention as causes for 
the decrease: Technical innovation (water-using appliances using 40-60% less), people becoming more 
environmentally aware, population getting older (more frugal, e.g. >65-year old using 25% less water 
than the younger generation), households getting smaller (from 3,4 to 2,9 members per family), the rising 
price of water, economic crisis, use more rain water and re-use of 'grey' water, climatic change (more rain 
so less drinking water needed for gardens). 

FI As eureau. For Finland no recent sources for water consumption could be found. Older sources (Eurostat 
2001, http://eau3e.hypotheses.org/files/2010/11/Sweden_Finland.pdf 

) show a water consumption in the order of 213 L/cap/d.  

FR Source: http://www.statistiques.developpement-durable.gouv.fr/indicateurs-
indices/f/2089/0/consommation-deau-potable-journaliere.html 
French sustainable development statistics show residential water consumption in France decreased from 
165L/cap/d in 2004 to 151L/cap/d in 2008 to 143L/cap/d in 2013. It varies between 97L/cap/d in the 
North and 181L/cap/d in les Bouches-du-Rhône, reportedly because of climate, tourism, ownership of 
private pools and gardens. Source for water end-uses are the utilities: https://www.cieau.com/le-metier-
de-leau/ressource-en-eau-eau-potable-eaux-usees/quels-sont-les-usages-domestiques-de-leau/ 
Low-income families (90 L/cap/d), children (69L/cap/d) and elderly (105L/cap/d) use less water than 
adults. People engaged in sports (204L/cap/d) and the French on holidays (230L/cap/d) use more water.  

HU https://www.budapestwatersummit.hu/knowledge-and-technology/the-hungarian-water-sector/the-
hungarian-water-utility-sector-551/ 
The annual water consumption is about 440 million m³ and 75% of this is related to domestic use. The 
average daily water consumption per person is 90-100 litres.  

HR Background source: Luka Matković, Waste and Water Management in Croatia, Zagreb, 2015, Embassy of 
Belgium, Commercial Section. The background source sheds some light on the situation in Croatia. The 
water consumption per person —for now— is assumed to be similar to the neighbouring Slovenia. 

IE https://www.cso.ie/en/releasesandpublications/er/dmwc/domesticmeteredpublicwaterconsumption2016/ 
According to the most recent publication of the Central Statistics Office in Ireland water consumption per 
meter fell by 8.4% between 2015 and 2016. Eliminating the extremes with >1000 litres/meter/day (0.9% 
of meters, probably homes with excessive leaks or businesses), the average was 270 litres/meter/day. At 
an average family size of 2.6 persons/household this comes down to 104 litres/day.  
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IT Source: Italian Statistics office ISTAT http://dati.istat.it/index.aspx?r=670497 . Category: ‘Acqua - 
Consumo per uso domestico’ (metri cubi fatturati), IT average 64 m³/cap/year (175L/cap/d). Varies 
between Prato (42.1 m³) and Milan (83.1 m³). For households only estimated to be 10% lower, i.e. 157 
L/cap/year without small businesses (e.g. bars, bistros). Split by water end-use is given by Italian NGO 
Arpae, starting from 130-140 L/cap/d. 
https://www.arpae.it/pianetaacqua/data/acque_potabili/consumi_domestici/text1.html 

LU Source: https://knoema.de/atlas/Luxemburg/topics/Wasser/Wasserverbrauch/Gesamter-
Wasserverbrauch-pro-Kopf 
The Luxemburg water consumption can only be estimated because of the continuous flow of travellers 
through the country. The latest figure from knoema is 2013 water consumption of 76 m³/cap/year, which 
comes down to 208 litres/cap/day. This is 9% lower than in 2012 and 45% lower than 14 years ago. This 
is including the water use of small businesses (restaurants, etc.). If we estimate their share on 15-20% 
(e.g. >10% in larger countries) then it comes down to 170 litres/cap/day 
Background: http://www.tageblatt.lu/nachrichten/wir-verbrauchen-eine-badewanne-voll-wasser-
19463445/ 

LV Source: http://www.zalabriviba.lv/wp-content/uploads/Background-report-Eng.pdf 

Green Liberty, Background report: Current status and recent changes in consumption and production 
patterns in Latvia, Riga, 2004. The report mentions 80 Mm³ residential water use in 2000. At 1.95 M 
inhabitants this is 112 L/cap/d. Assuming the same trend as in other Baltic states, this figure should in 
2017 be in the range of 70-90 L/cap/d. A value of 84 (as EE) is estimated. As explained in par. 3.1, to this 
22 L/cap/d was added for hot water from district heating, making the total 106 L/cap/d. 

LT Source: In the 2008 EurEau Statistical Overview an average residential water consumption for Lithuania of 
102 L/cap/d was mentioned. In http://www.baltic-course.com/eng/markets_and_companies/?doc=108350 
the Lithuanian Water Suppliers Association LTVA report that in 2014, daily consumption of district-supplied 
cold tap water was 66 litres per capita. As explained in par. 3.1, to this 22 L/cap/d was added for hot 
water from district heating, making the total 88 L/cap/d. 

MT Source: Eman Mangion, Tourism impact on water consumption in Malta, Bank of Valetta Review, No. 47, 
Spring 2013. The survey finds a water consumption of 143 L/cap/d for local residents versus a water 
consumption of 296 L/cap/d for tourists. Cites other surveys for Malta but also other Mediterranean islands 
(Cyprus, Mallorca) where the situation is similar but with even higher tourist water use because of golf 
courses (0.5 – 1 Mm³ irrigation water per golf course per year). EurEau finds a water use of around 80 
L/cap/d, which is (too) low.  

NL Source: VEWIN, Watergebruik Thuis 2016, Zoetermeer (NL), 2018. The sector association VEWIN has been 
conducting extensive surveys of water use every 3 years since 1992. The latest report is from 2016 and 
finds an average residential water consumption of 119 litres/pp/day, roughly the same as in 2013 and 
2010 but considerably lower than the water consumption of 137 L/pp/day in 1995. The VEWIN-survey has 
a high level of detail that allows to identify parameters that can help characterise the hot water use. 

NO Statistics Norway, Municipal water supply, updated 27 June 2018. https://www.ssb.no/en/natur-og-
miljo/statistikker/vann_kostra/aar. 
Residential water statistics were corrected between 2016 and 2018 (probably to exclude small businesses 
in the new figure). Water consumption keeps decreasing, in 2017 2.2% less than in 2016 (183 litres). 
Living conditions (https://www.ssb.no/en/bygg-bolig-og-eiendom/statistikker/bo/hvert-3-aar) 
38% of Norwegian dwellings has two or more bath/shower rooms. 3% live in residential care (for elderly 
>60 year), 80% own their own dwelling, 38% uses a heat pump, 48% electricity and 13% wood/pellets as 
main heating facility. Detached/farmhouse 56%, (semi-) detached house 16%, other 23% (apartment?) 

PL Source: http://www.aqua.celmax.pl/ekologia.htm .  
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PT http://portugalresident.com/water-consumption-down-across-portugal 
Water company EPAL, which supplies 2.8 million residents in the Lisbon area, has revealed that water use 
in the capital fell by 2% in 2010 and that this trend is set to continue this year. Latest indicators show a 
reduction of 14 litres per day per person to 206 litres in 2010. The national average is 152 litres per 
day.(around 2008). The north of the country is the region that uses the least water daily, with 130 litres 
per inhabitant, while the Algarve registered the highest consumption with more than 200 litres. 
Jorge, C. et al., Assessment of water use efficiency in the household using cluster analysis, paper at 13th 
Computer Control for Water Industry Conference, CCWI 2015, Procedia engineering  
119 (2015) 820-827.  
Research into water efficiency, following 43 Portuguese families with an average daily water use of 138 
litres per capita but with a very widespread (between 50 and 286 L/pp/day). 

RO Source: Institutul Naţional de Statistică  
http://statistici.insse.ro:8077/tempo-online/ table GOS108A - Quantity of drinking water supplied to 
consumers by counties and localities. 
The TEMPO database of the Romanian national statistics office confirms this order of magnitude for e.g. 
the county Bucharest, where a population of 1.9 million consumed 93 million m³ water for household use 
in the year 2017. Per person per year this is 135 litres.  
https://www.romania-insider.com/only-half-of-romanians-have-centralized-sewage-system-while-
household-water-consumption-up/ 
The average daily consumption of drinkable water for household use was of 127.7 litres per inhabitant in 
cities, up 2.2 percent on 2009. 

SE Source: Sweden Statistics, Vattenanvändningen i Sverige 2015, 2017 (www.scb.se) 
Sweden 565 million m³ for households in 2015. Population ca. 9,95 million —> 56m³/inhabitant/year —> 
153 L/cap/d. 
See also: sydvatten.se/wp-content/uploads/2015/11/Virtual-Water.pdf 

SI Source: https://www.stat.si/doc/pub/water.pdf Slovenia statistics office, Water- from the source to the 
outflow, 2014. The Slovenia statistics office reports that in 2012 water consumed for households was 41 
m³ per person, i.e. 114 litres of water per person per day. Between 2008 and 2011 household water 
consumption went down by 6.5%.  

SK Source: https://www.budapestwatersummit.hu/sustainability-and-inspirations/news-stream/water-
consumption-is-an-important-issue-in-slovakia-774/  
Slovakian households are reducing their water consumption. In 2010, The Water Management Research 
Institute assessed a daily household water consumption per resident of 83.4 litres, but by 2015 it dropped 
to 77.3 litres. As explained in par. 3.1, to this 22 L/cap/d was added for hot water from district heating, 
making the total 99 L/cap/d. 

UK Source: Energy Saving Trust, At Home with Water, 2013.  
Largest survey of UK water use, with outcomes 
43% of respondents have a water meter; 41% of homes have a dual-flush toilet. For those that use the 
shower, the average was around five each week. A 1/2/3/4/5/6+ person British household uses 
respectively 154/143/140/134/128/123 litres per person per day 
EST mentions that, on average, 16% of a household’s energy bill is from water-using activities, split across 
both gas and electricity usage. This equates to around £228 of the typical respondent’s combined energy 
bill. Heated water (for activities such as baths, showers, washing up and water-using electrical appliances) 
contributes a lot to energy bills. But this link, and its implications, often goes unnoticed by householders. 
The Energy Saving Trust recommends that water efficiency should be a core part of energy efficiency, 
fuel poverty, carbon reduction agendas and advice provided by those engaging with domestic customers 

Avg The averages are weighted by population 2017 (Eurostat demo_pop database, extract Dec. 2018). 

 

The table below gives the values of the water end-uses in the household. In case the 
partitioning per end-use is aggregated by the source, the study team has repartitioned 
the aggregated data. The original values can be found in Annex II: Details Water Use.  
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Table 24. Water consumption by end-use EU28+CH+NO (period 2013-2017), in Litres/capita/day  
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  L/cap/d L/cap/d L L L L L L L L   

AT 138 135 25 4 27 9 3 14 19 34 8.8 

BE 95 95 17 2 5 8 3 16 28 21 11.4 

BG   100                 7.1 

CH 140 142 29 7 16 22 3 17 7 41 8.4 

CY 148 148                 0.9 

CZ 83 120                 10.6 

DE 120 110 29 4 10 5 7 15 7 33 82.5 

DK 105 106                 5.7 

EE   106                 1.3 

EL 185 185                 10.8 

ES 133 119 35 4 20 6 6 12 8 27 46.5 

FI 148 148                 5.5 

FR 150 143                 67.0 

HU 93 95                 9.8 

HR   114                 4.2 

IE   104                 4.8 

IT   157 41 5 11 5 11 17 17 49 60.6 

LU   170                 0.6 

LT   88                 2.0 

LV   106                 2.8 

MT 78 143                 0.5 

NL 123 119 49 2 5 7 6 15 0 35 17.1 

NO 198 183                 5.3 

PL 93 147 34 5 11 5 12 15 25 40 38.0 

PT 185 152                 10.3 

RO 135 135                 19.6 

SE 183 153 39 4 12 10 20 20 10 38 10.0 

SI 105 114                 2.1 

SK 58 99                 5.4 

UK   142 36 11 10 9 7 13 25 31 65.8 

EU+ 128.1 133 34 6 13 7 8 15 15 35 525.2 

Figures in italic font have been repartitioned; for original values see Annex II: Details Water Use. 
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3.3 Hot water end-use 

The figure hereafter gives the end-result, also showing the estimated share of warm/hot 
water. Generally speaking, water temperature for showers and baths is assumed to be 
40°C (for 34+6L). The lavabo and kitchen tap (including manual dishwashing) will have a 
variety of temperatures, ranging from cold (10°C), warm (40°C) to hot (55°C). It is 
assumed that their average temperature is also 40°C (for 12+7L). For the lavabo, 
following the UK Energy Saving Trust, half of the use is assumed as ‘cold’ and half ‘warm’ 
(40°C). Following Dutch VEWIN data it is assumed that 60% of dishwashing is done by 
hand, on average (between cold rinse and hot wash) also 40°C (0.6 x 8L = 4.8L). For the 
laundry hand wash, also following VEWIN, it is assumed that 1 L/cap/d is warm (40°C) 
hand wash (1L).  

In total this comes down (rounded) to 60L warm water/cap/day at the equivalent of 
40°C69 or 39 L/cap/d in 60°C equivalent, which is 45% of total water consumption. At 
10°C mains cold water temperature, this means a net residential energy demand per 
individual of 60L x 30K x 1.16 Wh/K x 0.001 kWh/Wh = 2.1 kWh/day. This is 766 kWh 
per year and for 511 million EU citizens (2017) it results in 391 TWh/year energy content 
of hot water consumed in the household.  

 
(misc. sources, VHK 2018) 

Figure 16. Average water consumption EU28+CH+NO, in litres/capita/day 

Some more details are given regarding the hot water end-use behaviour. Also, more 
details regarding assumptions and calculations in underlying studies are given in the 
Annex II: Details Water Use.  

3.3.1 Bath 

Ownership-rate of the bathtub is 36% (2016) versus 40% a decade ago. 21% of 1-
person households and 62% of 5+ person households own a bathtub. Frequency of 
taking a bath has dropped from 0.18 per person/day in 1995 to 0.03 in 2016. 
Traditionally young children (<12 yr) used the bath more frequently but this now also 
dropped to the average level. As capacity of the bath tub a volume of 120 litres is 
assumed, except with young children (60 litres when there is a bathtub, 40 litres for a 
                                           
69 39 L/cap/d in 60°C equivalent. 
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separate tub). This brings the average to 112.5 litres. After the bath many people take a 
shower and the bathtub is rinsed (13 litres). For children that cannot take a bath 
independently, the frequency is 2.6 times per week. 

In the UK, on average, each individual takes 1.3 baths each week. In households that 
used their bath, each person took an average of two baths a week. However, two-fifths 
of respondents (42%) reported not using the bath at all. Nonetheless, the UK is the 
country with by far the highest water consumption for baths at 11 L/cap/d, whereas in 
other countries it is in the range of 2-4 L/cap/d.  

3.3.2 Shower 

Water use for showers was constant in the 1990s (ca. 39 litres/cap/d), then increased till 
51.4 litres/cap/d in 2013 and in 2016 was again lower at 49.2 litres/cap/d. Main cause is 
shorter showers and –to a lesser degree—slightly less showers. Ages 18-24 and 25-34 
use the most water for showers, around 55-57 litres/cap/d. Age 65+ uses 29 L/cap/d. 
The average number of showers is 0.69 per day (4.83/week) with 18-24-year-olds 
having a frequency of 0,78/day and the elderly of 65 and older shower 0,61/day. Almost 
half (49%) of households had a water-saving shower-head. This share has been more or 
less constant over the last 15 years. In 2016 around 3% of households owned a so-called 
‘comfort-shower’ with extra spray-heads that uses twice the amount of water (15.9 
litre/minute) as a normal shower. In 2013 ownership was 4%.  

Water flow of showerheads was measured in 2016. A normal shower produced 8.6 
litre/minute and an average water-saving showerhead 7.7 litre/minute. The ‘average 
shower’ thus produces 8.5 litre/minute. The time spent showering (i.e. when the shower-
tap is open) decreased significantly between 2013 (8.9 minutes/shower) and 2016 (7.6 
minutes/shower). In the weekends the Dutch shower a bit longer (7.9 minutes/shower) 
than on a weekday (7.5 minutes/shower). The age-group 25-34 showers longer (9.3 
minutes/shower) and the elderly of 65+ shower shorter than average (5.8 
minutes/shower). Having said that, in 2013 the age-group 25-34 showered much longer 
at 12 minutes/shower. People in the highest income-class shower shorter (6.7 
minutes/shower) than in the lowest income class (8.7 minutes/shower). Per shower the 
water use is 64.4 litres (7.6 minutes x 8.5 litre/minute).  

In the UK, on average, each individual takes 4.4 showers each week; people generally 
spend seven-and-a-half minutes in the shower, 87% of people do not exceed ten 
minutes on their daily shower, 41% of homes have a dual-flush toilet. For those that use 
the shower, the average was around five each week. Households reported a wide range 
of durations: 13% of showers took longer than ten minutes; 1% more than 20; 6-10 
minutes 42% and 1-5 minutes 45%. 25% using efficient eco-showerheads.  

Yixing Shan et al. (2015)70 give some details, from a small survey, on shower behaviour 
in Greece and Poland. In Greece: Approx. 4.5 showers per person/week, around 7-8 
minutes per shower, 65% in the evening, 9% in the morning, 22% takes shower morning 
and/or evening.  

                                           
70 Yixing Shan et al., Household Water Consumption: Insight from a Survey in Greece and Poland, 13th 

Computer Control for Water Industry Conference, CCWI 2015, Procedia Engineering 119 ( 2015 ) 1409 – 
1418 
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Poland: 6.5 showers per person per week, around 8 minutes per shower, 54% in the 
evening, 7% in the morning, 37% takes shower morning and/or evening. Graphs are 
given in the Annex I.  

3.3.3 Washing 

In 2016, 65% of households (75% of persons, because more popular in larger 
households) owned a dishwasher. Water consumption for the dishwasher is 2 L/cap/d, 
both in 2013 and 2016. The water use for handwashing and (pre-) rinsing dishes is 3.5 
L/cap/d (64% of total, but not all warm water, so say 50%). The water volume used per 
dish wash session has increased from 9.1 to 9.2 L/cap/d, but the frequency has 
diminished.  

Laundry hand wash water consumption (1.3 L/cap/d) is steadily decreasing and is now 
around 10% of machine-washing (14.1 L/cap/d).  

Both manual dishwashing and laundry washing use hot water and are thus relevant for 
water heating study. As indicated above, as VEWIN survey is the only source that makes 
the distinction between manual and machine wash, it is assumed that 10% of laundry 
washing and 50% of dishwashing water is hot water (because done by hand).  

3.4 Non-residential water consumption 

The Task 2 report gives a split-up of non-residential water use in Western Europe 2004, 
estimating that it amounts to 33% of the residential water use.   

EurEau, in its 2017 edition of European Water Figures estimates that drinking water 
consumed in households of its member countries is 22.8 billion m³/year and the total 
billed consumption is 31.8 billion m³/year. In other words, 9 billion m³/year or 28.3% of 
the total (39% of the residential water use) goes to non-residential —i.e. commercial, 
municipal and industrial— consumers. 

Estimates of non-residential water end-use are very rare. In Task 2, BRG estimated 
sports facilities (irrigation, showers, and canteens) as the largest users at 24% of total, 
followed by hotels 16% (showers, spas, food) and hospitals 12%. Follows a group of 
schools (with interns) 9%, retirement homes 7%, retail & transport 8%, universities 5%. 
Finally, manufacturing 5%, offices 4% and camping sites 2% make up the total.  

In Alicante for non-residential consumers the consumption fell from 975 to 675 litres per 
day per contract over the 2000-2013 period. Also, in the Barcelona area the water 
consumption of commercial, industrial and public contract diminished by 10-20% over 
the 2007-2015 period.  

For large non-residential consumers the causes of reduced consumption are the use of 
other sources (use more rainwater and re-use of 'grey' water), improved and better 
equipment, better irrigation techniques that use less water, economic crisis (more 
attention to saving water).  

The split of non-residential water use from a 2014-questionnaire is given below. 
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Table 25. Non-residential water use Spain by end-use 2013 

Source: Aquae Papers 6 “La reducción del consumo del agua en España: Causas y tendencias”, 2013 

  
Sports 
clubs Industry 

Health 
care 

Municipal 
services 

Univer- 
sities Hotels 

Public 
admini-
stration 

Other 

Services 40% 0-10% 30-90% 10% 40% 10-90% 40-70% 10% 

Cleaning 0% 0-50% 10-30% 10% 0-20% 10% 20% 0% 

Green zones 10% 0-10% 0-10% 10% 10% 0-10% 0-10% 10% 

Irrigation of sports fields 30% 0% 0% 0% 0% 0% 0% 0% 

Swimming pools 10% 0% 0% 0% 0-10% 0% 0% 0% 

Fountains 0% 0% 0% 0% 0% 0% 0% 0% 

Laundry rooms 0% 0% 0% 0% 0% 0-90% 0-10% 0% 

Kitchens 10% 0-10% 0-30% 0% 0-10% 0% 0-10% 0% 

Industrial processes 0% 20-100% 0-10% 70% 0-40% 0% 0% 0% 

Others 0% 0-50% 0-10% 0% 0-10% 0% 0-10% 80% 

Estimated share 8% 28% 20% 8% 10% 10% 8% 8% 

 

 
(source: Aquae Papers 6 “La reducción del consumo del agua en España: Causas y tendencias”, 2013) 

Figure 17. Estimated non-residential water use by end-use, Spain 2013 

It must be considered that the BRG 2004 data relate to hot water use, whereas the 
Spanish data relate to total water use. In that sense, the cold-water use of the industrial 
processes and irrigation (e.g. municipal services, but also part of sports facilities) as well 
as the toilet flushes for all sectors do skew the picture considerably. Making the 
correction for those issues, it can be estimated that hot water use in the non-residential 
sector is probably no more than 25% of the total, with indeed the BRG-split.  

Taking the EurEau figures as a basis 25% of 9 million m³ (2.25 million m³) non-
residential water from the grid goes to hot water at an equivalent of 40°C. At 511 million 
inhabitants this adds around 12 L/capita/day non-residential use to the 60 L/capita/day 
of residential use to result in approx. 72 L/cap/day hot water @ 40°C. This is 13.4 million 
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m³ hot water/year @ 40°C, which in terms of energy equals ~8 million m³ hot 
water/year @ 60°C. The water heating effort equals the 391 TWh/year for residential use 
mentioned earlier plus an extra 20% (78 TWh/year) for non-residential use. This gives a 
total of almost 470 TWh/year hot water content. The (combi) boilers provide 
approximately half of that (235 TWh) consuming around 340 TWh gas and oil as well as a 
small amount of electricity. This gives an average primary energy efficiency of 69% (on 
NCV, 62% on GCV).  

  

3.5 Tapping patterns 
As indicated in Task 1, the current regulations for efficiency of water heaters and the 
water heating side of combis work with tapping patterns "load profiles". These are 
standardised 24h sequences of draw-offs of different volume, flow rate and/or 
temperatures and with different energy content per draw-off. They indicate the 
performance of the water heater and —given the latest developments in real-life water 
use— it should be evaluated whether these tapping patterns are still up-to-date.  

Main characteristics of these tapping patterns are given in the table below. There are 10 
standard tapping patterns. The smallest three characterize single point water heaters like 
typically hand-wash only (3XS e.g. toilet sink), kitchen sink (XXS) and electric shower 
(XS). The next three patterns are multi-point patterns typically for a single-person 
household or simple holiday home without a bath (S), an average EU 2.4-person family 
(M) and a large 4-5-person household (L) that do take the occasional bath, besides 
showering. The XL, the most frequent tapping pattern declared for combi-boilers, is a 
luxury version of L and allows multiple baths, simultaneous draw-offs without 
temperature drop, etc.. The XXL version is suitable for a duplex (2 dwellings), a 
hairdresser salon, villas with three bathrooms and/or spa, etc.. Versions 3XL and 4XL are 
intended respectively for 4 or 8 apartment building as well as non-residential uses.  

Table 26. Tapping pattern characteristics 

Pattern   3XS XXS XS S M L XL XXL 3XL 4XL 
kWh/day (peak) nominal 2.10 2.10 2.10 2.10 5.85 11.70 19.10 24.50 46.76 93.52 
kWh/year (365d x 60% 
peak) 

365 days 
60% 460 460 460 460 1281 2562 4183 5365 10240 20481 

Largest tap, energy kWh 0.015 0.105 5.25 0.525 1.4 3.604 4.42 6.24 12.04 24.08 
Largest tap, flow rate l/min 2 2 3 5 6 10 10 16 48 96 
Largest tap, T high °C 25 25 35 45 40 40 40 40 40 40 

Min. Instant. power needed 
kW (100% 
eff) 2.10 2.10 5.25 12.2 12.6 21.0 21.0 33.6 100.7 201.5 

time available to reheat 
largest tap 

hours 
(decimal) 0.08 0.24 5.00 0.75 5.60 2.00 0.70 0.70 2.00 2.00 

Min. 40°C store volume litres 3 3 18 13 40 103 126 172 344 688 
Max. volume (Regulation) litres 7 15 15 36             
Min. Volume 40o (Reg.) 40 °C litres         65 130 210 300 520 1040 
Max. standby real store 
(regulation) 

W (at 
ΔT=40K) 33 38 38 49 65 73 83 92 117 149 

Min. store reheat power 
needed kW 0.2 0.4 1.1 0.7 0.7 2.0 6.4 9.1 7.0 14.0 

 

The conclusion from the above is that the S-M-L patterns are indeed in line with the 
number of persons per household, i.e. a 1-person household with 2.1 kWh energy 
content of the hot water, a 2.4-person household with 5.85 kWh and a 5-persons 
household with 11.70 kWh energy content of hot water per household. However, the 
most popular pattern declared for combi-boilers is XL and combi-boilers account for half 
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of water heaters (see Task 2). This means that –compared to the average water 
consumption of the European family—the combi-boiler is over-sized with more than a 
factor three (3). Of course, there is a large spread in water use, but for most families this 
type of oversizing will apply.  

For storage-type combis and boilers with external storage tanks the oversizing has an 
evident negative impact on energy use in the sense that the tank is at least 3 times too 
big. The table mentions a minimum 40°-equivalent volume of 65 L (M) versus 210 (XL). 
At a water storage temperature of 60°, which is common practice, this means a tank with 
a volume of 39 L (M) versus a tank with a volume of 126 L (XL). This means more 
standby losses (all other things being equal) and a bigger outer dimension of the combi-
boiler, which makes it more difficult to put it closer to the most frequently used tapping 
point e.g. in a kitchen cupboard. The latter consideration is one of the reasons why most 
combi-boilers are of the more compact instantaneous type. But an instantaneous type 
means that more power is needed to achieve the required flow rates at certain 
temperatures. In that sense, for an M tapping pattern only a net 12.6 kW is needed to 
meet the most critical flow rate whereas for an XL tapping pattern a net 21 kW is 
required.  

In Task 4 it will be explored what are the possible advantages of a properly sized combi-boiler, not 
only in terms of water heating but also for the combination with space heating.  
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4 END-OF-LIFE 

4.1 Material waste 

Depending on the actual implementation of the 2012/19 WEEE Directive in Member 
States71 central heating boilers may be subject to rules governing collection and 
treatment of WEEE, most likely as WEEE category 1 Large Household Appliances (LHA). 
Eurostat data for that category are given in the table below. 

Table 27. Handling of waste from large household appliance in the EU 

Source: Eurostat, env_waselee, extract December 2018 

In million tonnes (Mt) 2011 2012 2013 2014 2015 2016 

Products put on the market 4.52 4.56 4.61 4.74 5.00 5.27 

Waste collected 1.51 1.49 1.63 1.67 2.00 2.51 

Waste collected from households 1.46 1.44 1.56 1.58 

Waste collected from other sources 0.05 0.05 0.07 0.09 

Waste treatment 1.66 1.94 

Waste treated in the Member State 1.57 1.83 2.41 

Waste treated in another Member State of the EU 0.08 0.11 

Waste treated outside the EU 0.01 0.00 

Recovery 1.50 1.75 2.29 

Recycling and reuse 1.38 1.62 2.11 

 

Gas-boilers are estimated to represent 88% of the boiler-market in the mid-1990s, half 
with cast-iron heat exchangers and half with aluminium heat-exchangers. Oil-fired boilers 
are assumed to make up 11% of the market. The electric resistance boilers were possibly 
1% of the central heating market.72 The average boiler weight in the mid-1990s is thus 
estimated at 73 kg.  

Table 28. Material composition of mid-1990s boilers currently discarded 

Source: VHK, 2005 
All values in kg gas, cast-iron gas, aluminium oil Average 

  44% 44% 12%   

ferro 49 23 176 52.8 

non-ferro 15 18 6 15.2 

bulk plastics 4 4 4 4.0 

electric/electronics 1 1 1 1.0 

Total kg 69 46 187 73.0 

Waste/year in 2018 (Life 24 years)       3.0 

Waste/inhabitant (2.5 inhab./boiler)       1.2 

 
                                           
71 According WEEE Directive 2012/19/EU (Annex II) LHA are mainly large cooling and washing appliances, 

kitchen equipment, air conditioners and "Other large appliances for heating rooms". From 15 August 2018 
the Annex I categories are replaced by an 'open scope' (Annex III) which has a category 'temperature 
exchange equipment' (includes heat pumps) and 'large equipment'. Boilers are not specifically mentioned, 
but neither specifically excluded. Their inclusion in the national WEE scope is not obvious, as illustrated by 
the STUDY ON COLLECTION RATES OF WASTE ELECTRICAL AND ELECTRONIC EQUIPMENT (WEEE) which 
excluded central heating boilers from its quantitative assessment. 

72 VHK, MEEuP-product cases report, for the EC, 2005.  
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At 6 million units sales in the mid-1990s this means that (73 x 6 =) 438 million kg, i.e. 
0.438 million tonnes of waste will be generated from discarded (combi-) boilers in 2014. 
Assuming a stable market, this is 9.2% of the total 2014 Large Appliance waste 
(‘products put on the market’) indicated in the table above. Given that almost all existing 
boilers are taken away by the installers of the new appliances, and given the high value 
of recycling of the boilers it can be assumed that at least 90% (0.4 Mt) will be collected. 
In that case it is almost a quarter of the collected waste in 2014. Of this waste approx. 
83% (1.38 Mt) was recycled and –probably for a negligible amount73— re-used.  

Over the last 24 years, the material efficiency of boilers has drastically improved. Cast-
iron boilers have become rare; most have now lighter and more compact non-ferro heat 
exchangers. There has been an increased integration of boiler components, making the 
now predominantly wall-hung boiler lighter and much more compact. There are now 
24kW gas-boilers on the market that weigh less than 20 kg –only one-third of the 
average weight 24 years ago— and fit in very small kitchen cupboard. The heavy oil-fired 
(floor standing and jet burner) boiler sales are now only a few percent of the market.  

The product-life of boilers has not increased. For a gas-fired boiler 18 years is still the 
average life and a jet-burner (oil-fired, but also some gas-fired) boiler is still 
indestructible, i.e. the average life is at least 33 years but reportedly there are also 
models that are 100 years old and still operational.  

The product life of oil-boilers is a big problem: Their efficiency is half that of a modern 
boiler and the direct emissions of NOx and fine dust are many times the emissions of 
today’s oil boilers. As mentioned in Task 1, there are campaigns in Germany, Denmark, 
Austria, Italy (Milan), etc. using ‘carrots and sticks’ (subsidies and legal measures) to 
ban oil boilers.  

Having said that, a modern gas-boiler should also not end its useful life prematurely and 
should at least be able to function for 15-18 years. Traditionally, boilers are made to be 
repair-friendly and can be repaired infinitely by exchanging parts. Also, for certain parts, 
such as the heat exchanger, many manufacturers give money-back guarantees of up to 
10 years. The product-life practically ends for economic reasons, i.e. the repair becomes 
so expensive that —e.g. at a product life of 15 years or more— it is more advantageous 
to buy a new boiler. The Dutch consumer association Consumentenbond lists the boiler 
parts that are most frequently replaced: 

 3-way valve (switches between space and water heating) 
 electronic ignition 
 central processing unit 
 burner 
 sensors 
 circulator pump 
 heat exchanger 

  

                                           
73 A study on WEEE in Italy mentions a re-use percentage of 1.5% for boilers.  

Source: Ecodom, Household WEEE generated in Italy, 2012 
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4.1 Refrigerant losses (over life) 

Although refrigerant losses can occur throughout the whole life cycle of heaters (heat 
pumps), they have been included in the section on end-of-life for practical reasons 
mainly, to avoid scattering refrigerant-related information over several sections.  

Refrigerants can be lost during production and storage of refrigerants, the charging of 
products, the use-phase, and during decommissioning and/or treatment of waste 
products. 

The WEEE Directive requires heat transfer equipment containing refrigerants to be 
treated properly which in practice means the refrigerant must be removed during 
removal/decommissioning of the appliance.  

The term 'refrigerant recovery' in this report (and the other reports of this review study) 
is understood to mean "to remove a refrigerant in any condition (vapour, liquid or mixed 
with other substances) from a system and to store it in an external container (from ISO 
11650 Performance of Refrigerant Recovery/Recycling Equipment)"74. It is therefore any 
action with the aim of removing the refrigerant from the discarded product, and 
preserving it in a separable waste stream. It is therefore more alike the definition of 
'removal' in the WEEE Directive, than the term 'recovery' of that Directive as that refers 
to substitution of other materials. In this study 'recovery' can also mean the safe disposal 
of refrigerants. 

The treatment may involve75 (in accordance with 842/2006/EC): 

 Recovery (DE: Ruckgewinnung): which is the removal and controlled storage of used 
(spent) refrigerant; 

 Recycling (DE: Widerverwendung): which is the actual re-use of used refrigerants 
(usually following a clean-up process); 

 Upcycling (DE: Aufarbeitung): The processing of used refrigerants into a refrigerant 
of agreed quality; 

 Destruction (DE: Zerstorung): The treatment of HFCs into non-fluorinated stable 
substances (in practice this is destruction by incineration). 

According these definitions recycling, upcycling and destruction all follow after recovery 
has taken place. Both recycling and destruction are covered by recovery as confirmed by 
a major HVAC manufacturer76 (see Figure 18 below).  

                                           
74 RECOVERY & RECYCLING SYSTEMS GUIDELINES Phasing out ODS in Developing Countries REFRIGERATION 

SECTOR, UNEP, 1999 
75 Rücknahme und Aufbereitung gebrauchter Kaeltemittel, Infos fuer Praktiker (4) Wissen, das nutzt, Westfalen 

AG 
76 https://www.daikin.com/csr/environment/climatechange/refrigerant.html 
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Figure 18. The development/application cycle of refrigerants 

Refrigerant losses of heat pumps have been described in several studies, the most 
relevant of which have been briefly summarised below. 

IPCC/TEAP 2005 

The IPCC/TEAP report77 mentions "representative leakage rates [for split and packaged 
air conditioners] are in the order of 4-5% of the factory charge per year", based upon 
UNEP reporting from 2003. For residential water-based air conditioning and heating 
leakage is assumed to be 1% per year, based upon an older US study from 200278. 

The report (p. 278) also mentions a recovery rate of 60-70% in Japan (EOL loss is 
therefore 30-40%). 

For a 15-year product life this results in a loss of 50% of the nominal charge (1% 
annually and 35% at EOL). It is not clear whether this includes incidents and/or 
uncontrolled disposal. 

SEPEMO 2011 

The SEPEMO study79 presents, based on information assembled from ARI member 
companies, maximum annual leak rates of 4% of the nominal charge for 1996 equipment 
and 2% per year for equipment available in 2005 for residential heat pumps and air 
conditioners. 

The SEPEMO study assumes, based on  the AFEAS TEWI III study, a technical recovery 
rate between 85% to 95% (as some refrigerant will remain in the product).  

                                           
77 IPCC/TEAP Special Report: Safeguarding the Ozone Layer and the Global Climate System (published 

probably 2005) 
78 ADL (A.D. Little, Inc.), 2002: Global Comparative Analysis of HFC and Alternative Technologies for 

Refrigeration, Air Conditioning, Foam, Solvent, Aerosol Propellant, and Fire Protection Applications. Final 
Report to the Alliance for Responsible Atmospheric Policy, March 21, 2002, Acorn Park, Cambridge, 
Massachusetts, USA, 150pp. 

79 Andreas Zottl, Markus Lindahl, Roger Nordman, Philippe Rivière, Marek Miara; SEasonal PErformance factor 
and MOnitoring for heat pump systems in the building sector SEPEMO-Build Evaluation method for 
comparison of heat pump systems with conventional heating systems, D4.3. Concept for evaluation of CO2-
reduction potential, 2011-08-31 
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For a 15 year product life this results in a loss of 60% of the nominal charge. It is not 
clear whether this includes incidents and/or uncontrolled disposal. SEPEMO mentions that 
in the F-gas revision study the 30% value from Clodic & Barrault is used. 

UK LCA study 2011 

This study80 assumes a leakage rate of refrigerants of 3% during commissioning, 6% 
annually and 20% when disposed. 

For a 15 year product life this results in a loss of 116% of the nominal charge. It is not 
clear whether this includes incidents and/or uncontrolled disposal. 

UK study 2014 

This study81 mentions an operational leakage for domestic HPs of 3.5% (which is based 
on a dataset with outliers – such as major failures - removed) and an EOL loss of 35% to 
15% depending on scenario. 

For a 15 year product life this results in a loss of 68-116% of the nominal charge. It is 
not clear whether this includes incidents and/or uncontrolled disposal. 

VDKF-LEC 2014 

The most comprehensive study found on leakage rates of refrigerants (in chillers, heat 
pumps, air conditioners, etc.) is probably performed by VDKF-LEC, published in 201482. 
This study analysed over 69 000 cooling systems and the refrigerant inventories 
supplied, over the period 2010-2012, in Germany.  

Table 29. Share of systems by refrigerant charge 

Refrigerant charge % of total systems 

below 3 kg 40% 

3-10 kg 32% 

10-100 kg 25% 

over 100 kg 3% 

 

Systems < 3 kg charge 

Smaller systems with a nominal charge of less than 3 kg were also included in the 
survey. These systems are exempt from mandatory periodic checks, but the data 
included in VDKF-LEC surveys shows that in most cases leak rates have reduced between 
2010 and 2012. The spread is however much wider and trends less consistent. And for 
some applications leak rates remain exceptionally high. 

  

                                           
80 Benjamin Greening, Adisa Azapagic, Domestic heat pumps: Life cycle environmental impacts and potential 

implications for the UK, Energy 39 (2012) 205-217 (Elsevier)  
81 Impacts of Leakage from Refrigerants in Heat Pumps – Eunomia Research & Consulting Ltd and the Centre 

for Air Conditioning and Refrigeration Research (London Southbank University), March 2014. Link: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/ 
attachment_data/file/303689/Eunomia_-_DECC_Refrigerants_in_Heat_Pumps_Final_Report.pdf 

82 Die Wahrheit über Kältemittel-Emissionen VDKF-LEC analysierte Betriebsdaten von 69.000 Kälteanlagen – 
von Wolfgang Zaremski; cci Zeitung 04/2014 
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Table 30. Leak rates (2010-2012) by application 

Application Nominal 
charge 

Leak 
rate 

2012 

Leak 
rate 

2011 

Leak 
rate 

2010 

Number of 
systems 

Average 
charge 

Domestic cold ("Haushaltskälte") 

< 3 kg 

1.80% 1.04% 11.59% 1587 0.12 kg 

Commercial cold ("Gewerbekälte ortsmontiert", 
supermarkets) 

49.70% 83.49% 150.13% 2256 0.91 kg 

Industrial cold ("Industriekälte") 12.23% 82.33% 24.90% 7044 0.68 kg 

VRF systems      

Split systems 1.79% 2.88% 2.05% 9797 1.27 kg 

Central climatisation ("Klima-Zentral") 2.96% 5.11% 22.32% 3342 0.8 kg 

HVAC ("Raumlufttechnik") 27.59% 14.43% 9.98% 735 0.72 kg 

 

The leak rates for systems with < 3 kg charge are based on a survey of systems that 
have shown malfunctions (there was a reason to call service personnel) and are probably 
less high if applied over the whole population (including properly functioning systems). 

Nonetheless, the occasionally high leak rates have led to a change in the inspection 
regime: Instead of a flat-rate of minimum 3 kg refrigerant charge, the threshold will be 
expressed in GWP potential (above 5 ton). This means for R404A mandatory checks as of 
1.3 kg charge, for R401A 2.4 kg and for R407C 2.8 kg.  

Systems > 3 kg charge 

The overall leakage rates for systems > 3 kg charge were 4.49% in 2010, reducing to 
3.16% in 2012. These values include accidental release of complete contents due to 
damage or malfunctioning (90% or more of charge lost). 

Broken down to application ranges, the smaller systems ("Splitklima", average 4.1 
kg/system) show an annual leakage rate of 1.3% of nominal charge. For larger HVAC 
installations ("Zentralklima", 16.9 kg/system) the leakage rate is 1.9%. For VRF systems 
the value is lowest at 1%. 

Per type of refrigerant (often indicative for a typical application range) the leakage rates 
range from 0.82% for R410A (also used in heat pump applications) to 8.25% for R507A 
(more typical for supermarket systems). 

Table 31. Leak rate by application & refrigerant type 

Application Leak rate 

(avg.) 

Refrigerant type Leak rate 

(avg.) 

Split systems 1.3% R 507A 8.25% 

Commercial cold ("Gewerbekälte ortsmontiert", supermarkets) 6.1% R 404A 5.59% 

Industrial cold ("Industriekälte") 3.7% R 422D 6.31% 

Central climatisation ("Klima-Zentral") 1.9% R 22 1.66% 

VRF systems 1.0% R134a 2.10% 

HVAC ("Raumlufttechnik") 2.7% R 407C 2.24% 

Other (no data) R 410A 0.82% 

 

The VDKF information on leaks showed these occurred mainly at joints and at pipes, 
followed by valves, the compressor and the evaporator. Vibrations and pulsations are 
often identified as reasons for leaks at joints. 
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Table 32. Leak rates (2010-2012) by application > 3 kg 

Application Charge (kg) Leak rate 
2012 

Leak rate 
2011 

Leak rate 
2010 

Number of 
systems 

Average 
charge per 

system (kg) 

VRF 3-10 0.51% 0.31% 0.24% 1722 6.69 

10-100 1.24% 1.40% 2.02% 3003 19.32 

Split 3-10 0.68% 0.93% 0.78% 8297 4.67 

Central ("Klima-
Zentral") 

3-10 1.20% 1.45% 1.24% 3067 5.62 

10-100 1.84% 1.90% 3.12% 2400 28.91 

> 100 1.74% 1.64% 0.75% 305 211.06 

HVAC 
("Raumluftechnik") 

3-10 0.84% 1.65% 1.23% 926 6.12 

10-100 2.24% 2.08% 2.31% 833 29.81 

> 100 3.99% 0.18% 7.74% 72 154.90 

Average of above 
systems 

3-10 0.8% 1.1% 0.9%  

10-100 1.8% 1.8% 2.5% 

> 100 2.9% 0.9% 4.2% 

 

Table 33. Leak rates by application and refrigerant charge including < 3 kg 

Application Leak rates (%/year) 

< 3 kg 3-10 kg 10-100 kg > 100 kg 

Commercial cold ("Gewerbekälte ortsmontiert", supermarkets) 94.4% 3.1% 4.9% 6.7% 

Industrial cold ("Industriekälte") 39.8% 2.2% 3.7% 2.9% 

HVAC ("Raumlufttechnik") 17.3% 1.2% 2.2% 4.0% 

Central climatisation ("Klima-Zentral") 10.1% 1.3% 2.3% 1.4% 

Split systems 2.2% 0.8%   

VRF systems  0.4% 1.6%  

 

If the leak rate is weighted by the number of installations in the space heating/cooling 
applications only (HVAC+Central climatisation+Splits+VRF), then the overall average for 
systems < 3kg to > 100kg charge is 3%. The higher leak rates of smaller systems < 3kg 
increase the overall average considerably (calculation by VHK). 

End of life 

The survey also shed some light on refrigerant losses at end-of-life (DE: Verschrottung"). 
In the period covered by the survey some 4045 systems were discarded. Of these 74% 
were found to contain average 98.3 of the nominal charge (1.7% lost), 4% contained a 
rest charge of 68.3% (31.7% lost) and 22% of systems were empty (100% lost). 
Combined, the overall residual charge is calculated to be 75% of the nominal charge 
(calculation by VHK). The loss of 25% of nominal charge is not covered by the annual 
(refill) losses and must have been emitted during use or transport (or at least before 
arriving at the refrigerant recovery station). An explanation for low residual charges at 
EOL is that products may not have received the required refills in anticipation of 
discarding the products or have lost their entire contents during decommissioning. 

The remaining charge should be fully recovered as products containing refrigerants are 
covered by the WEEE Directive, but according other sources83 this is only performed for 

                                           
83 Barbara Gschrey, Entsorgung von Kältemitteln aus stationären Anlagen - Emissionsfaktor der Entsorgung 

Emissionsberichterstattung von F-Gasen in der Kälte- und Klimatechnik, Umweltbundesamt Berlin – 
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30% of the appliances or charge (30% is the target EU average in 2030, improving from 
8% in 2006) to 50% (DE average 2011). This 'failure to recover' increases the end-of-
life losses by a minimum of 50% of the average residual charge of 75% is 37.5% of 
nominal charge. The EOL loss is 25%+37.5% = 62.5%, and recovery is 37.5%. With 
proper recovery the recovery loss can be reduced to 5% (estimate by VDKF-LEC survey).  

Note that the above calculated loss is an overall value and not corrected for the size of 
the average charge of system. Nor does it include systems that have not been discarded 
using the proper channels. WEEE data suggests that a significant amount of WEEE ends 
up in 'unknown' treatment channels.  

Review study air conditioners 2018 

The review study for air conditioners Task 3 report mentions an (upper estimate of) 
annual leakage rate of 2% for packaged units (single or double-duct), 5% for split-units 
and 15% for multi-split (<17.5 kW), based on a French study of 200484. In the study 
lower values were used as 'average annual leakage: 1% per year (including end-of-life 
losses) for portable units. These are packaged units, filled and sealed under factory 
conditions. For split, multi-split and VRF the air conditioner study used an annual leakage 
(including end-of-life) of 3% per year, although different studies found both higher and 
lower values. 

For a 15 year product life this results in a loss of 30% to 75% of the nominal charge (2% 
annual emissions and 4% annual emissions, respectively, EOL included). It is not clear 
whether this includes incidents and/or uncontrolled disposal. 

National Inventory Reports (for UNFCCC) 

Signatories to the United Nations Framework Convention on Climate Change (UNFCCC) 
submit National Inventory Reports (GIRs) describing the state of play of GHG 
emissions85. 

As an example, the German NIR report (949 pages) presents figures for refrigerant 
leakage from heat pumps. Section 4.7.1.2.6.3 (page 387) and Table 189 present a 
charging loss of 0.5%, an annual loss of 2.5% for space heating and 2% for water 
heating (fewer split systems), and 25% loss at end-of-life (residual charge is 75%). With 
a product life of 15 years, this becomes (0.5% + 15*2.5% + 25%) = 63% of nominal 
charge lost. Of this loss 50% to 60% (or 34% of the nominal charge) is recovered 
(recovery factor 0.4-0.5 of residual 75% charge). The report indicates that (in section 
4.7.1) unrecovered refrigerant is added to the overall emissions (reciprocal value of 
recovery factor). This means that some 45% of the residual charge (of 75% of nominal 
charge) is also considered 'lost'.  

The UNFCCC report states that the "recovery factor for heat pumps has been increasing 
continuously, as a result of the greater care taken in handling refrigerants, and thus the 
losses occurring upon disposal, with respect to initial charge / residual charge, have been 

                                                                                                                                    
24.10.12 (see: 
www.umweltbundesamt.de/sites/default/files/medien/419/dokumente/4_entsorgung_statanlagen1.pdf) 

 
84 Barrault, 2004, Stéphanie BARRAULT, Denis CLODIC, avec la participation de Carine SAYON, “Inventaire des 

fluides frigorigènes et de leurs émissions”, 2004 Inventaire des fluides frigorigènes et de leurs émissions, 
France, 2004, Document 2 : Données de base pour les inventaires de fluides frigorigènes.  

85 https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-the-
convention/greenhouse-gas-inventories-annex-i-parties/national-inventory-submissions-2018 
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decreasing over the years concerned. The recovery factor was 50% in 2010, and 59% in 
2016". If this rate is maintained the recovery rate in Germany will be close to 95% in 
2040.  

These data are in line with that of VDK-LEC and other studies. 

At European level, Clodic & Barrault 2012 are more pessimistic with 8% recovery in 2011 
and 30% recovery expected by 2030. This growth rate results in 42% recovery in 2040. 

Belgian study of f-gas emissions 

A Belgian (Flanders) study86 into waste and disposal emissions from f-gas containing 
refrigeration products identified the present 'recovery' rate in Flanders and presented 
actions to improve recovery of f-gases. 

In this study is concluded that: 

- Approximately 35% of the refrigeration products arrive empty at the EOL 
treatment facility (fig. 8 + conclusion p.42); 

- The charge of the remaining 65% of products is average 61% (fig 9); 
- Approximately 78% of the remaining charge is recovered (assuming a recovery 

efficiency "> 75%" is 95% effective, for the rest the average of the range is 
assumed) (fig.11); 

- The fraction lost (not recovered) at EOL treatment is therefore: 
o 35% of products have 0% charge left, so 35% lost, plus; 
o 65% of products have 61% charge left, which means (100%-

61%)=39% charge has escaped for 65% of products, thus 65%*39% is 
25% is lost, plus;   

o the residual charge (65%*61% = 40%) is recovered with a rate of 78% 
thus100%-78%=22% of 37% is not recovered, thus considered lost 
=9%, which; 

o gives a total EOL loss of 35% + 25% + 9% (rounded) = 69%;  
o Recovered is 31% (=78%*61%*65%), which is consistent with p.44 of 

the Flemish report ("overall emission factor is 69%"). 

This loss rate is somewhat higher than in Germany, based on VDKF-LEC (German 
residual charge was 75%, in Flanders just 40% (65%*61%)). The recovery rate is higher 
in Flanders (78% of refrigerant, instead of 50%).  

The Flemish study also mentions the possible effect of the F-gas regulation on prices and 
expects that recovery rates will increase. This is however limited to formal recovery. The 
losses from products entering informal EOL treatment remains unknown. 

The information in the study leads to conclude that the EOL losses in Flanders are close 
to 69% of nominal charge (whereas those in Germany are close to 62% of nominal 
charge).  

 

                                           
86 DAUWE Tom, ALTDORFER Francis, GSCHREY Barbara; Waste and disposal emissions from F-gas containing 

refrigeration and potential actions to improve recovery of F-gases – Final Report; DEPARTMENT OF 
ENVIRONMENT& SPATIAL DEVELOPMENT, June 2018 (https://www.vlaanderen.be/publicaties/waste-and-
disposal-emissions-from-f-gas-containing-refrigeration-and-potential-actions-to-improve-recovery-of-f-
gases) 
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Effect of F-Gas regulation 517/2014 EU 

Apart from the quota system which limits the amount of fluorinated gases placed on the 
market and specific prohibitions, the F-gas regulation also addresses aspects related to 
maintenance and control.  

Article 3 requires persons/undertakings carrying out installation, servicing, maintenance, 
repair or decommissioning of F-gas containing equipment must be certified  (article 10) 
and take precautionary measures to prevent leakage of F-gases. Article 8 requires the 
operators of such equipment to use certified personal/undertakings. 

Article 4 on leak checks differentiates hermetically sealed products from other (split) 
products. For hermetically sealed products (labelled accordingly), no leak checks are 
required if the charge is less than 10 000 kg CO2 eq. (= 4.8 kg R410A, close to 16 kW 
heating capacity). Larger equipment shall require leak checks. 

Split products were exempted from leak checks if containing less than 3 kg of F-gas until 
December 2016. Currently the threshold for leak checks lies is at products containing 
more than 5 000 kg CO2 eq. (is 2.4 kg R410A or close to 8 kW heating capacity). 

For products containing between 5 tonnes and 50 tonnes of CO2 eq., leak checks are 
required every 12 months (or 24 months if a leakage detection system is installed). The 
frequency reduces for products with even larger amounts of F-gas inside. 

The regulation shall be reviewed in its entirety by 31 December 2022 and evaluations 
regarding the effectiveness of in particular Article 3 and 4 is not (yet) available. 

It is to be expected that with more formal obligations regarding the safe handling of F-
gases the recovery rates of equipment is increasing (see UNFCCC NIR 2018 Germany, 
reporting increase of recovery from 50% to 59%), but general EU improvement in 
recovery could currently not be established.    

Ecoreport – values used 

Based on the sources described before, this report assumes 0.5% losses during 
manufacturing/production, and 1.3 to 3% annual losses for split systems (smaller value 
applies to larger systems). For hermetically sealed products the annual loss is set to 0%. 
The EOL loss is set at 62%, based on VDKF-LEC data, but largely supported by the 
Flemish study. 

Table 34. Overview of leak rates and losses according to several sources 

Source/study Product 
life (yrs.) 

Production Use 
(/year) 

Disposal 
(EOL) 

Recovered 
at EOL 

% of 
residual 
charge 

Overall 
(/life) 

IPCC/TEAP 2005 15 0% 1% 35%  50% 

SEPEMO 2011 15 0% 3% 15%  60% 

UK LCA study 2011 15 6% 6% 20%  116% 

UK study 2014 15 0% 3.50% 35%  88% 

15 0% 3.50% 15%  68% 

Review Air conditioners 2018 15 0% 2.00% 0%  30% 

15 0% 5.00% 0%  75% 

UNFCCC NIR Germany 15 0.5% 2% (WH) 25% 50%-59% 60% 

 15 0.5% 2.5% (SH) 25%  63% 
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VDKF-LEC 15 0% 1.30% 25%+ 0.5*75% = 62.5% 82% 

 15 0% 3% 25%+ 0.5*75% = 62.5% 107.5% 

Flanders study 15   35% + 25% +9% = 69% (n.a.) 

       

This study       

split, <10 kW 15 0.5% 3% 62.5% 108% 

split, > 70 kW 15 0.5% 1.3% 62.5% 83% 

hermetically sealed 15 0.5% 0% 62.5% 63% 

 

Overall life cycle refrigerant emissions of equipment undergoing proper EOL treatment 
with recovery are therefore calculated to be 108% for small split systems (< 10 kW), 
82% for larger split systems and 63% for hermetically sealed systems. An unknown 
share of products will be treated in informal treatment, with presumably higher 
emissions. 

The relatively low recovery factors assumed by the sources suggests an EOL practice 
where installers are not fully removing refrigerants from equipment before bringing it to 
scrap dealers. The knowledge and equipment for adequate removal of refrigerants (using 
mobile suction equipment) is however widely available.  
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5 INFRASTRUCTURE 

The local infrastructure concerns the supply of energy resources, the utilisation of the 
heat in the emitter system as well as proper abduction of flue gases and abatement of 
fugitive refrigerant emissions.  

5.1 Chimneys 
In the 2007 preparatory study, investigating the transition towards condensing space 
heaters, the matter of proper ‘chimneys’ for condensing flue gas was treated extensively. 
In Task 1 of the current study, the issue of shared chimneys for both condensing and 
non-condensing boilers lead to lower Ecodesign requirements for B1-type boilers.  
The main issue is that if one of the non-condensing boilers connected to a shared flue 
(designed to operate at negative pressure, and not condensate resistant) breaks down, 
this boiler cannot be replaced by a condensing boiler as that boiler operates under 
positive pressure and produces flue gases at lower temperatures and lower flue gas 
volumes, resulting in condensate in the chimney, which can affect the integrity of the flue 
duct (can be brickwork of fire clay or other non-condensate and non-pressure-resistant 
material). Furthermore, the combination of negative pressure non-condensing boilers 
with positive pressure modern condensing boilers to a single flue duct is tricky and in 
most cases not allowed (without new assessment and approval) as the boilers may affect 
each other's functioning and even safety. 
  
Replacing all (individually owned) boilers together with the collective chimney requires 
agreement and cooperation of all home-owners connected, also those who do not have a 
faulty boiler. For housing corporations this may be manageable, but for buildings with 
multiple, individual homeowners this can be particularly problematic. Those homeowners 
with a correctly operating boiler, e.g. replaced not too long ago, are confronted with very 
high installation & renewal costs, whereas they do not have a problematic boiler.  
Typically, a boiler repair or replacement is under time constraint as users do not want to 
be without heat too long. The unavailability of non-condensing of specifically C4/C8 
boilers for replacement has led to situations where old boilers are no longer serviced, 
have been extensively repaired where replacement would have been better, improper 
installation of condensing boilers, use of Bi-type replacement boilers (less safe) or (local) 
electric heaters, etc. Safety, e.g. avoidance of CO-emissions, is of paramount importance 
here.  
 
In Task 4 the passive flue gas heat recovery device (PFGHD) is revisited, a device that 
can give a significant boost to the water heating efficiency by taking condensing 
efficiency both in space- and water heating operation one step further. 
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5.2 Emitter systems 
In the 2007 preparatory study and in Task 4 of the current study the issue of suboptimal 
emitter systems is discussed. The task 4 report emphasizes the importance of low return 
temperatures for condensing boilers and low average system temperatures for heat 
pumps in order to realise the nominal efficiencies and performances. Whereas these 
items can be optimised relatively easy in new dwellings, e.g. using floor heating and 
appropriate controls (including dynamic hydraulic balancing), in existing dwellings this is 
much more difficult and expensive. Task 4 gives the details. 

5.3 Energy and GHG-emissions 
The largest uncertainties relate to the medium- and long-term energy infrastructure that 
can be expected. To a large extent this will depend on the energy policy at national and 
EU level. The EU has set goals and/or reached political agreement87 

 to save 32.5% on energy due to energy efficiency measures in 2030, compared to 
the 2007 PRIMES final energy demand projections for the year 2030; 88  

 to reach a 32% renewable energy share in 2030; 89 
 to save 40% on greenhouse gas (GHG) emissions in 2030 compared to 1990.90  

The Commission presented its strategic long-term vision for a climate-neutral economy 
by 2050 –A Clean Planet for All— on 28 November 2018. 91 The Commission's vision for a 
climate-neutral future is in line with the Paris Agreement objective to keep the global 
temperature increase to well below 2°C and pursue efforts to keep it to 1.5°C. It builds 
on the recently published Clean Energy for All Europeans package.92  
 
The vision concerns seven areas: energy efficiency, renewables, mobility, competitive 
and circular economy, infrastructure and connectivity, bio-economy and natural carbon 
sinks, carbon capture and storage (CCS) to deal with the remaining emissions.  
The vision is supported by a quantitative analysis of 8 scenarios, some more lenient 
(“well below 2°C”, minus 80% emissions) and some more strict (“1.5°C”, net zero 

                                           
87 http://europa.eu/rapid/press-release_IP-18-6870_en.htm 
88 In 2007 the PRIMES model projected energy demand for 2030 was over 1400 Mtoe, so a 32.5% saving 

means that the energy consumption in 2030 should be 956 Mtoe. For comparison, in 2016 the actual EU 
Final Energy demand was 1108 Mtoe (million tonnes of oil equivalent) so part of the saving has already 
been realised; the remaining energy saving to be achieved by 2030 is 152 Mtoe or 13.7%. 

89 The official definition of the percentage of renewable energy is: “The share of energy from renewable sources 
shall be calculated as the gross final consumption of energy from renewable sources divided by the gross 
final consumption of energy from all energy sources, expressed as a percentage” (Directive 2009/28/EG, 23 
april 2009). ‘Final’ energy demand is not ‘gross inland consumption’. The latter was around 1639 Mtoe in 
2016. ‘Final’ means that –amongst others— conversion losses for electric power production are not included. 
Thus, the denominator in 2016 is 1108 Mtoe. In 2030 the denominator will be 956 Mtoe (see previous 
footnote) and thus the renewables share should then be 287 Mtoe. In 2016 the renewables share is around 
16% and thus the renewables constitute 177 Mtoe, mainly from biomass and hydropower. So an extra 110 
Mtoe is needed by 2030.  

90 In 1990 the GHG-emissions of the EU-28 (including Iceland, excl. emissions from LULUCF and others) 
amounted to 5657 MtCO2 equivalents. A 40% reduction means emissions of 3394 MtCO2 equivalent. In 2016 
GHG-emissions were 4300 MtCO2 equivalents, so 906 MtCO2 (21%) still needs to be saved over  
the 2017-2030 period. 

91 COM(2018) 773 final, Brussel, 28.11.2018. https://ec.europa.eu/energy/en/topics/energy-strategy-and-
energy-union/2050-long-term-strategy 

92 Note that this package also sets a 2030 interconnectivity target of 15% for the electricity market. 
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/clean-energy-all-europeans 
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emissions). The picture below gives a summary in terms of the EU28 total primary 
energy consumption.  

 
(source: COM(2018) 773 final, 28.11.2018) 

Figure 19. Fuel mix of 2016 and various scenarios, in Mtoe Gross Inland Energy Consumption 

Details of the GHG emissions trajectory in a 1.5°C scenario are given in the following 
graph. The graph shows that non-CO2 emissions from ‘other’ (e.g. refrigerants) and 
'agriculture' are expected to decrease the least and represent more than half of the GHG-
sources in 2050. The other less-than-half is made up of Industry, Transport and Power 
sector with just a very small contribution from the Residential and Tertiary (services) 
sector, i.e. the sectors with most space heating. In other words, there are great 
expectations for efficiency and fuel switch in space heating generators. Below the line, 
the LULUCF (Land Use, Land-Use Change and Forestry) and Carbon Removal 
Technologies are the carbon-sinks to neutralize the remaining GHG-sources.  
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(source: COM(2018) 773 final, 28.11.2018) 

Figure 20. GHG emissions trajectory in 1.5°C scenarios 

 

In the in-depth supporting analysis93, the details of the eight scenarios are sketched. 
There is a separate section on space heating and –cooling, which are marked as 40-50% 
of energy consumers in the residential and services sector. Depending on the scenario,  

 electricity for heat pumps: the Commission scenario foresees 55-70% of consumption 
in the residential sector and 80% in the services sector for heating and cooling. For 
heating only, the projected electricity share is lower: 22-44% for residential and 44-
60% for the service sector in 2050; 

 gaseous fuels (hydrogen94, biogas95, e-gases96 and possibly natural gas97) represent 
12-23% in the decarbonisation scenarios; 

 direct use of biomass: 9% (8-12% depending on scenario); 
 distributed heat (from waste & biomass incineration as well as large heat pumps): 5-

6%. 

The scenarios foresee no role for solid fuels (hard coal, lignite) and no significant role for 
liquid fuels, at least not in space heating. Solar thermal and geothermal energy are  
expected to play a marginal role in space heating. The Commission sees a role for 
gaseous fuels even in an ambitious climate-neutral scenario. Given uncertain elements in 
the vision98, it even may well be that the share of gaseous fuels will be higher than 
projected.  

                                           
93 In-Depth Analysis In Support Of The Commission Communication COM(2018) 773, 28.11.2018. 
94 From electrolysis of water e.g. produced from over-capacity periods of wind turbines or solar PV parks, at an 

efficiency of 70-80% (possibly 86% in the future with new technologies). Can be used for carbon-free 
combustion (producing water) or in fuel cells for cogeneration (CHP, Combined Heat & Power) 

95 Biogas emits CO2 during combustion but gets carbon-sink credits and is renewable (methane from waste or 
biomass)  

96 Synthetic gases made from hydrogen, similar to natural gas (methane) but pure.  
97 Only in the “well below 2°C” scenarios 
98 E.g. regarding the costs of the scenarios. For instance the cost of realising the projected nuclear power in 

2050 will be over € 0.5-0.6 trillion. Also the costs of extra storage and electric connectivity needed will be 
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Similar to the Commission 1.5TECH scenario, there is a scenario-study by Navigant for 
Gas-for-Climate on the optimal role for gas in a zero (carbon) emission energy system.99 

Navigant calculates a €217 bn saving of an optimal versus a minimal gas scenario.  

 
(source: Navigant, March 2019) 

Figure 21. Optimised and Minimal Gas 2050 scenarios, gross electricity production 

Other relevant publications on costs and benefits of carbon-neutral gas solutions can be 
found in the Cerulogy studies100 101, expert-consultations on future hydrogen production 
costs102, alternative local hydrogen production directly from solar panels103, hydrogen 
implementation aspects in Belgium104 105 and UK106, regulatory aspects107, etc..   

  

                                                                                                                                    
extremely challenging given the current austerity policy, the aim to spare the lower income groups from the 
consequences of the climate pollicy, etc..  

99 Navigant, Gas for Climate. The optimal role for gas in a net-zero emissions energy system, Utrecht, March 
2019, https://gasforclimate2050.eu/publications 

100 Malins, C., What role is there for electrofuel technologies in European transport’s low carbon future?, 
Cerulogy, November 2017 

101 Malins, C., What role for electromethane and electroammonia technologies in European transport’s low 
carbon future?, Cerulogy, June 2018. 

102 Schmidt, O., et al., Future cost and performance of water electrolysis: An expert elicitation study, 
international journal of hydrogen energy 42 (2017), 30470-30492 

103 https://www.vrt.be/vrtnws/nl/2019/02/24/belgische-wetenschappers-kraken-de-code-voor-betaalbare-
groene-w/ 

104 https://www.vrt.be/vrtnws/nl/2019/02/21/waterstof-de-motor-van-een-duurzame-economie/ 
105 https://www.vrt.be/vrtnws/nl/2019/02/22/belgie-een-draaischijf-in-de-waterstofeconomie/ 
106 H21-report, Leeds City Gate.  
107 Hayter, D., Horizontal Position Paper: Gas Grid Issues, HyLaw project, 2018. 
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6 RECOMMENDATIONS 

There is a clearer picture now, compared to the 2007 preparatory Ecodesign study, of the 
share in EU space heating of central heating boilers up to 400 kW. The estimate now is a 
share of 42%, which could be increased to almost 50% by adding boilers in the range 
400kW to 1 MW in the scope. The average efficiency on NCV is around 72% (67% on 
GCV), based on the latest statistics. 

The (combi) boilers represent a share of 50% of EU water heating, meaning that there 
are grounds to investigate energy-saving options combining the energy characteristics of 
both functions. The average primary energy efficiency is 69% on NCV (63% on GCV).  

As regards the material resources use the boilers are exemplary and no policy action is 
required. However, as regards product-life of especially oil-boilers policy action may be 
required to at least discourage to keep inefficient boilers of more than 30 years old alive. 

As regards the energy availability in a carbon-neutral future, the message is that carbon 
neutral gaseous fuels —in whatever form— may be a part of that. Hybrid solutions, 
containing electric heat pumps, gas boilers and possibly solar thermal.  

The latest comprehensive studies on leakage rates of refrigerants indicate that it may be 
less of a problem in a carbon-neutral society than previously imagined.  
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ANNEX I: DETAILED STATISTICS 

Detailed Country Tables 
 
 Outdoor temperatures EU-28, split-up in 5 time-periods per average month-day 

January-June, in °C (VHK calculation based on JRC PVGIS for country capital, extract 
2014) 

 Global irradiance (W/m²) in EU-28, monthly total (Wh/m².d)+ average (W/m²) split-
up in 5 time-periods per average month-day, July-December (VHK calculation based 
on JRC PVGIS for country capital, extract 2014) 

 Heating Degree Days population-weighted 

 EU land coverage 2012 (LUCAS) 

 Evaluation building volume accuracy, Germany 

 Functional units, capita selecta 

 EnEV Energy benchmarks 
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Table 1. Outdoor temperatures EU-28, split-up in 5 time-periods per average month-day January-June, in °C (VHK calculation based on JRC PVGIS for country capital, extract 2014) 
time of day EU28 AT BE BU CR CY CZ DK EE FI FR DE GR HU EI IT LT LI LU MT NL PL PO RO SK SI ES SE UK 

Jan 2.9 -0.8 3.4 -0.6 -0.3 10.8 -1.2 0.9 -3.1 -4.1 4.0 0.3 8.3 -0.9 5.7 8.5 -2.6 -4.0 1.5 11.8 3.3 -2.2 10.6 -2.0 -0.6 0.6 5.9 -1.2 5.1 
7-9 1.8 -1.6 2.4 -2.0 -1.8 8.3 -1.9 0.5 -3.5 -4.2 2.9 -0.7 6.8 -2.0 5.1 6.5 -2.9 -4.6 0.5 10.8 2.5 -2.8 9.3 -3.3 -1.4 -1.2 3.3 -1.4 4.2 
9-16 3.9 -0.1 4.0 1.1 1.5 14.6 -0.6 1.2 -2.7 -3.7 4.8 0.9 10.2 0.1 6.5 10.1 -2.2 -3.4 2.2 13.2 3.8 -1.5 12.1 -0.5 0.2 1.9 7.7 -0.9 5.9 
16-21 4.0 -0.1 4.3 0.8 0.8 13.1 -0.7 1.2 -2.9 -3.8 5.1 1.0 9.6 0.0 6.2 10.5 -2.4 -3.6 2.3 12.7 4.0 -1.7 11.7 -0.4 -0.1 2.1 8.1 -1.1 5.9 
21-23 2.9 -0.9 3.6 -2.0 -1.7 10.3 -1.5 0.9 -3.4 -4.3 4.2 0.3 7.9 -1.0 5.3 8.7 -3.0 -4.4 1.7 10.9 3.4 -2.5 9.8 -3.0 -0.7 0.7 6.2 -1.4 5.0 
23-7 1.8 -1.6 2.5 -2.4 -1.9 6.8 -1.9 0.6 -3.4 -4.5 3.0 -0.5 6.3 -2.0 5.1 6.4 -3.0 -4.6 0.7 10.5 2.6 -2.8 9.1 -3.8 -1.4 -1.0 3.5 -1.4 4.3 

Feb 4.4 2.2 5.0 1.5 1.8 10.8 1.5 1.6 -3.5 -4.7 5.7 2.5 8.5 1.5 6.2 8.5 -2.3 -2.5 3.4 11.7 4.8 -0.1 11.9 1.2 2.1 2.6 7.4 -1.1 6.1 
7-9 2.7 0.4 3.8 -0.8 -0.6 8.6 -0.1 1.0 -4.2 -5.3 4.1 1.0 6.7 -0.8 5.2 6.1 -3.1 -3.5 1.9 10.6 3.8 -1.5 10.3 -1.3 0.2 -0.4 4.0 -2.0 4.8 
9-16 6.0 3.9 6.0 4.0 4.6 15.1 2.9 2.3 -2.8 -3.8 6.9 3.6 11.1 3.8 7.2 11.0 -1.4 -1.5 4.5 13.5 5.7 1.0 13.7 3.9 3.9 5.1 10.1 -0.4 7.2 
16-21 6.0 3.9 6.2 4.1 3.5 13.4 2.8 2.2 -3.0 -4.1 7.0 3.9 10.3 3.5 6.9 10.8 -1.5 -1.5 4.7 12.8 5.7 1.0 13.2 4.0 3.7 5.3 10.4 -0.5 7.2 
21-23 4.3 2.2 5.1 1.0 -0.2 10.3 1.4 1.6 -3.9 -5.2 5.8 2.6 8.3 1.3 6.1 8.5 -2.6 -2.8 3.4 11.3 4.9 -0.2 11.5 -0.5 1.9 2.7 7.5 -1.3 6.1 
23-7 2.5 0.2 3.7 -1.5 -0.6 6.1 -0.1 0.9 -4.3 -5.6 4.1 1.1 5.7 -1.1 5.1 5.5 -3.3 -3.6 1.9 9.9 3.8 -1.5 9.9 -2.0 0.0 -0.4 3.8 -2.0 4.7 

Mar 6.5 5.2 7.0 5.0 6.7 13.2 3.9 2.6 -1.1 -1.9 8.1 4.1 9.6 5.2 7.2 10.4 0.0 0.0 5.9 12.8 6.3 2.0 14.2 5.3 5.3 6.4 10.8 0.8 7.3 
7-9 4.8 3.6 5.5 2.2 3.9 11.9 2.3 1.8 -2.4 -3.4 6.4 2.4 8.2 3.0 6.3 9.0 -1.6 -1.8 4.1 12.1 5.4 0.5 12.7 2.2 3.4 4.0 7.7 -0.3 6.1 
9-16 8.9 7.6 8.7 7.7 9.6 17.0 6.0 4.1 0.7 0.0 10.4 6.0 12.6 8.3 8.7 13.6 2.1 2.1 8.0 15.2 7.9 4.1 16.5 8.0 7.7 10.0 14.2 2.5 9.1 
16-21 8.5 7.1 8.5 7.5 8.6 15.4 5.9 3.4 0.3 -0.2 9.9 6.1 11.6 7.9 7.9 12.5 1.9 2.1 7.8 14.0 7.4 3.9 15.7 8.2 7.3 9.6 14.2 2.0 8.5 
21-23 6.2 4.9 6.8 4.0 4.9 12.5 3.7 2.2 -1.5 -2.3 7.8 4.0 9.1 4.8 6.8 9.8 -0.3 -0.4 5.7 12.3 6.1 1.7 13.7 4.4 5.0 5.9 10.5 0.5 7.0 
23-7 3.8 2.4 4.9 2.0 4.2 8.9 1.4 1.0 -3.2 -4.2 5.4 1.7 6.1 1.5 5.7 6.8 -2.5 -2.7 3.4 10.2 4.7 -0.5 11.7 2.0 2.4 2.0 6.4 -1.1 5.4 

Apr 10.0 10.2 9.4 10.0 11.9 17.2 8.6 6.3 4.1 3.5 10.0 9.0 13.2 11.1 8.3 12.7 6.2 7.2 8.6 14.8 9.0 8.4 15.0 11.0 10.4 10.4 12.6 4.5 9.0 
7-9 8.6 8.6 8.2 7.8 9.5 16.6 7.2 5.8 3.4 2.6 8.7 7.1 12.2 9.4 8.0 11.8 4.9 5.6 7.2 14.3 8.4 6.9 14.3 8.7 8.9 8.7 10.3 3.9 8.3 
9-16 12.8 13.1 11.9 13.0 14.5 19.9 11.7 8.3 6.4 5.8 12.8 11.9 16.4 14.5 10.4 15.8 9.0 10.3 11.4 17.4 11.4 11.3 17.6 14.6 13.5 13.7 15.9 6.8 11.5 
16-21 12.2 12.7 11.3 12.4 13.5 18.6 11.1 7.4 5.8 5.4 12.1 11.8 15.1 14.0 9.4 14.6 8.5 10.1 10.9 16.1 10.4 10.8 15.8 14.2 12.8 13.1 15.7 5.9 10.5 
21-23 9.1 9.4 8.7 8.0 10.3 16.3 7.9 5.5 3.5 3.0 9.1 8.5 12.2 10.3 7.5 12.1 5.7 6.7 7.9 13.9 8.2 7.7 13.8 9.0 9.5 9.6 11.7 3.7 8.1 
23-7 6.6 6.7 6.5 7.0 9.6 14.4 5.0 4.1 1.4 0.6 6.7 5.4 9.6 7.0 6.2 9.3 2.8 3.4 5.3 12.2 6.5 4.8 12.6 7.0 6.8 6.4 8.5 1.9 6.3 

May 14.8 15.9 13.7 16.3 17.7 22.3 14.3 11.0 9.5 9.2 14.3 14.3 18.9 17.4 11.1 17.8 11.5 12.6 13.4 19.3 13.0 14.3 17.0 18.3 16.2 16.0 16.6 9.2 12.4 
7-9 13.8 14.8 12.9 14.6 15.1 22.2 13.3 10.8 9.1 8.7 13.4 12.9 18.3 16.2 10.9 17.3 10.6 11.6 12.3 19.0 12.8 13.3 16.9 16.0 15.3 14.8 14.8 9.1 11.9 
9-16 17.9 19.2 16.3 19.5 20.1 24.7 17.6 13.1 11.7 11.5 17.3 17.5 22.6 20.9 13.2 21.1 14.5 15.9 16.4 21.9 15.5 17.6 20.1 21.9 19.7 20.0 20.1 11.8 15.0 
16-21 17.2 18.7 15.8 18.7 19.3 23.5 17.1 12.2 11.2 11.2 16.8 17.5 21.0 20.3 12.3 19.7 13.9 15.6 16.1 20.6 14.5 17.0 17.9 21.2 18.9 19.2 20.0 10.8 14.2 
21-23 14.2 15.2 13.3 13.8 16.3 21.4 13.8 10.3 9.0 8.7 13.8 14.3 17.9 16.9 10.5 17.5 11.1 12.5 13.0 18.7 12.2 13.8 15.0 16.3 15.3 15.6 16.2 8.3 11.7 
23-7 11.0 11.7 10.3 13.0 15.5 19.7 10.2 8.6 6.8 6.2 10.6 9.9 14.7 13.0 8.6 14.0 7.5 8.3 9.6 16.3 10.2 10.2 14.2 14.5 11.8 11.0 11.9 6.1 9.2 

Jun 18.1 18.8 16.2 20.1 21.7 25.7 16.9 14.6 14.9 14.8 17.3 17.0 23.8 20.4 13.2 22.0 15.8 16.3 16.4 23.4 15.6 17.0 20.0 22.3 19.0 19.6 22.3 14.4 15.1 
7-9 17.2 17.8 15.6 18.3 18.8 25.8 16.0 14.5 14.7 14.6 16.5 15.6 23.3 19.3 13.2 21.5 15.4 15.4 15.4 23.1 15.6 16.2 20.0 20.2 18.2 18.4 20.0 14.4 14.6 
9-16 21.1 21.9 18.8 23.5 23.6 28.1 19.9 16.6 17.0 17.0 20.4 19.7 27.8 23.7 15.3 25.2 18.5 19.1 19.4 25.9 17.9 19.8 23.7 25.8 22.2 23.5 26.4 16.8 17.7 
16-21 20.6 21.4 18.3 22.8 23.3 27.1 19.6 15.9 16.5 16.6 19.9 19.9 26.1 23.4 14.6 23.9 18.0 18.8 19.1 24.7 16.9 19.4 21.2 25.1 21.6 22.8 26.8 16.1 17.1 
21-23 17.7 18.2 15.9 17.5 20.8 24.9 16.6 13.9 14.1 14.2 16.8 17.1 22.9 20.1 12.5 21.8 15.5 16.2 16.3 22.9 14.7 16.6 17.4 20.5 18.3 19.0 22.2 13.5 14.5 
23-7 14.3 14.8 12.9 16.5 19.9 22.8 13.0 12.2 12.2 12.0 13.3 13.0 19.2 16.1 10.8 18.2 12.3 12.4 12.4 20.5 12.9 13.3 16.7 18.5 14.9 14.5 16.5 11.6 11.9 
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Table 2 . Outdoor temperatures EU-28, split-up in 5 time-periods per average month-day July-December, in °C (VHK calculation based on JRC PVGIS for country capital, extract 2014) 

time of day EU28 AT BE BU CR CY CZ DK EE FI FR DE GR HU EI IT LT LI LU MT NL PL PO RO SK SI ES SE UK 

Jul 20.0 19.9 17.8 21.8 22.5 27.9 18.3 17.0 17.7 17.6 19.2 18.6 25.7 21.5 15.1 23.9 18.3 18.3 17.9 25.4 17.6 18.7 21.4 23.9 20.1 20.5 24.6 17.4 17.4 
7-9 18.9 18.9 17.1 19.9 19.9 27.8 17.3 16.8 17.5 16.9 18.0 17.3 25.3 20.3 15.0 23.0 17.6 17.4 16.7 25.2 17.4 17.9 21.6 21.7 19.2 19.2 21.9 17.2 16.7 
9-16 23.1 23.1 20.5 25.5 24.9 30.4 21.4 19.1 20.0 19.7 22.2 21.5 30.1 24.8 17.3 27.1 21.1 21.3 20.8 28.2 19.9 21.7 25.8 27.6 23.4 24.3 28.7 19.7 20.0 
16-21 22.7 22.7 20.1 24.8 24.2 29.4 20.9 18.5 19.4 19.7 22.1 21.8 28.4 24.6 16.6 26.0 20.6 20.9 20.6 27.0 19.0 21.2 22.8 27.0 22.9 23.8 29.5 19.2 19.6 
21-23 19.7 19.4 17.5 19.0 21.1 27.3 18.0 16.3 17.1 17.4 19.1 18.8 24.8 21.4 14.4 23.7 18.0 18.2 17.8 24.9 16.9 18.4 18.3 21.7 19.5 20.3 24.7 16.8 17.0 
23-7 16.0 15.6 14.3 18.0 20.4 25.0 14.2 14.4 15.0 14.7 15.0 14.5 20.5 17.0 12.5 19.9 14.5 14.3 13.9 22.1 14.9 14.8 17.5 19.8 15.7 15.5 18.4 14.6 13.9 

Aug 20.1 20.0 18.4 21.1 21.6 27.7 18.6 17.6 16.7 16.3 19.8 18.8 24.9 21.1 15.5 24.0 17.1 16.9 18.4 25.8 18.1 18.1 22.0 22.7 20.3 20.6 24.2 17.4 17.9 
7-9 18.8 18.6 17.4 18.9 18.9 27.6 17.2 17.5 16.3 15.9 18.4 17.2 24.1 19.6 15.3 23.1 16.2 15.7 17.0 25.6 17.9 17.0 21.0 20.2 19.0 18.7 21.6 17.1 17.2 
9-16 23.7 23.6 21.7 25.3 24.6 30.6 22.5 20.1 19.3 19.2 23.5 22.5 29.3 25.4 17.9 27.8 20.5 20.6 22.0 28.9 21.0 21.8 25.7 26.8 24.1 25.0 28.5 20.1 20.9 
16-21 23.0 23.0 21.0 24.2 23.4 29.4 21.6 19.0 18.4 18.2 22.8 22.2 27.6 24.5 16.8 26.5 19.7 19.9 21.5 27.4 19.8 20.9 23.9 25.8 23.3 24.3 28.8 19.0 20.1 
21-23 19.3 19.2 17.7 18.0 19.7 27.2 17.8 16.8 15.9 15.5 19.1 18.4 24.1 20.2 14.6 23.5 16.6 16.3 17.7 25.2 17.3 17.2 19.2 19.5 19.4 19.7 23.6 16.6 17.1 
23-7 15.7 15.5 14.3 16.9 18.9 24.3 13.8 14.7 13.5 12.8 15.3 14.0 19.9 16.0 12.8 19.4 12.9 12.3 14.0 22.2 14.8 13.5 18.6 18.5 15.6 15.2 18.4 14.3 14.3 

Sep 15.5 14.3 14.5 15.5 16.0 25.3 13.2 13.6 11.4 10.9 15.0 13.8 20.8 15.1 13.5 19.6 11.5 11.1 13.4 22.6 14.7 12.4 20.3 15.9 14.5 14.7 19.3 12.4 14.8 
7-9 14.2 12.9 13.5 13.3 13.9 24.8 11.8 13.2 10.6 10.1 13.7 12.2 19.8 13.4 13.2 18.5 10.3 9.6 12.1 22.3 14.3 11.1 19.7 13.8 13.2 12.8 16.9 11.9 14.0 
9-16 18.7 17.3 17.3 19.1 19.5 28.5 16.4 15.6 14.1 13.7 18.5 16.9 25.0 18.9 15.7 23.2 14.7 14.6 16.6 25.3 17.2 15.7 23.5 20.0 17.8 18.6 23.2 14.8 17.4 
16-21 17.6 16.6 16.2 17.8 17.5 26.9 15.5 14.5 13.0 12.7 17.2 16.3 23.1 18.0 14.3 21.9 13.8 13.8 15.5 23.9 15.8 14.8 20.9 18.7 16.8 17.6 22.8 13.7 16.1 
21-23 14.2 13.3 13.2 13.0 13.7 24.5 12.1 12.6 10.5 10.1 13.6 12.8 19.7 14.0 12.3 18.8 10.8 10.3 12.0 21.8 13.4 11.5 18.3 12.5 13.4 13.1 18.0 11.4 13.5 
23-7 11.9 10.7 11.5 12.0 13.1 21.9 9.5 11.5 8.4 7.9 11.3 10.1 16.2 10.6 11.6 15.7 7.9 7.1 10.1 19.8 12.3 8.6 17.9 12.0 10.8 10.2 14.6 9.9 12.1 

Oct 11.8 10.3 11.2 10.4 11.7 21.6 9.3 9.4 6.6 6.0 12.0 9.7 16.9 10.7 11.3 16.8 6.8 6.5 10.1 20.1 11.3 8.2 17.9 10.1 10.3 11.4 14.7 7.6 11.8 
7-9 10.2 8.6 10.0 8.4 10.0 20.2 7.9 8.8 5.8 5.2 10.4 8.1 15.4 8.4 10.6 15.1 5.7 5.1 8.6 19.2 10.4 6.6 16.7 8.1 8.7 9.5 12.2 6.8 10.8 
9-16 14.0 12.4 12.9 14.4 15.0 25.5 11.2 10.6 7.8 7.2 14.1 11.6 20.3 13.8 12.5 19.6 8.3 8.2 11.9 22.3 12.7 10.3 20.0 14.4 12.6 14.1 17.9 8.7 13.5 
16-21 13.2 11.8 12.2 13.0 13.0 23.0 10.6 9.9 7.2 6.6 13.3 11.2 18.6 12.9 11.6 18.4 7.8 7.7 11.3 20.9 12.0 9.6 18.7 13.0 11.8 13.3 17.0 8.1 12.6 
21-23 11.2 9.9 10.9 7.0 9.5 20.7 9.0 9.1 6.4 5.8 11.6 9.4 16.1 10.2 10.9 16.1 6.5 6.2 9.8 19.5 11.0 7.8 17.3 6.5 9.9 10.9 14.2 7.4 11.4 
23-7 9.5 8.0 9.5 6.5 9.1 17.9 7.3 8.3 5.4 4.9 9.9 7.7 13.5 7.5 10.3 13.8 5.3 4.6 8.2 17.9 10.0 5.9 15.9 6.0 8.0 8.6 11.3 6.5 10.3 

Nov 7.1 4.9 7.0 5.3 5.9 16.9 3.7 5.0 1.7 1.1 7.3 4.3 13.1 5.2 8.3 13.0 1.7 1.1 5.4 16.5 7.4 2.8 14.0 4.7 5.1 6.2 9.2 3.2 8.3 
7-9 5.9 3.7 5.9 3.8 4.8 14.5 2.8 4.7 1.4 0.8 6.1 3.2 11.5 3.7 7.5 11.3 1.2 0.6 4.3 15.7 6.6 2.0 12.8 3.2 4.1 4.7 6.9 2.9 7.2 
9-16 8.3 5.9 7.8 8.1 8.1 20.9 4.6 5.4 1.9 1.4 8.4 5.1 15.4 6.7 9.1 14.5 2.2 1.7 6.2 18.0 8.1 3.7 15.6 7.6 6.3 7.8 11.4 3.6 9.2 
16-21 8.1 5.8 7.8 7.1 6.7 18.7 4.4 5.2 1.8 1.2 8.2 5.1 14.4 6.3 8.9 14.4 2.0 1.5 6.2 17.3 8.0 3.3 14.8 6.7 5.8 7.3 11.0 3.4 9.2 
21-23 7.0 4.9 7.0 3.0 4.3 16.3 3.7 4.9 1.7 1.1 7.4 4.4 12.8 5.2 8.3 13.1 1.7 1.1 5.4 16.0 7.4 2.8 13.5 2.5 5.1 6.1 9.2 3.2 8.4 
23-7 5.8 3.8 6.0 2.5 4.1 13.0 2.8 4.7 1.4 0.8 6.1 3.3 10.7 3.7 7.5 11.2 1.3 0.6 4.4 15.2 6.6 2.0 12.5 2.0 3.9 4.5 6.7 2.9 7.3 

Dec 3.3 -0.4 3.7 -0.2 0.7 12.9 -0.6 1.4 -2.8 -3.6 4.7 0.2 9.4 -1.1 6.0 9.3 -3.3 -4.8 2.4 13.2 3.6 -2.6 11.2 -1.7 -0.6 1.2 6.2 -0.6 5.4 
7-9 2.4 -1.1 2.9 -1.1 -0.3 10.6 -1.1 1.2 -3.1 -4.2 3.9 -0.4 8.3 -2.1 5.5 7.7 -3.6 -5.5 1.7 12.5 3.1 -3.0 10.2 -2.6 -1.2 -0.2 3.8 -0.7 4.8 
9-16 4.1 0.2 4.2 1.7 2.3 16.4 -0.1 1.6 -2.4 -3.3 5.3 0.7 11.0 -0.1 6.6 10.7 -2.8 -4.1 2.8 14.4 4.1 -2.0 12.6 0.2 0.1 2.3 7.8 -0.5 6.0 
16-21 4.0 0.0 4.4 1.2 1.4 14.6 -0.3 1.5 -2.7 -3.4 5.5 0.7 10.2 -0.5 6.3 10.8 -3.1 -4.4 3.0 13.6 4.1 -2.3 12.1 -0.3 -0.2 2.3 8.2 -0.7 5.9 
21-23 3.0 -0.5 3.7 -1.9 -0.5 11.9 -0.7 1.3 -3.1 -3.7 4.7 0.3 8.6 -1.3 5.5 9.1 -3.7 -5.2 2.5 12.2 3.5 -3.0 10.2 -3.5 -0.7 1.3 6.5 -0.7 5.1 
23-7 2.3 -1.0 3.0 -2.0 -0.7 9.5 -1.1 1.2 -3.0 -3.8 4.0 -0.3 7.8 -2.1 5.5 7.6 -3.7 -5.3 1.8 12.2 3.1 -3.0 10.0 -3.5 -1.2 0.0 4.0 -0.7 4.8 

YEAR AVG 11.2 10.0 10.6 10.5 11.5 19.4 8.9 8.4 6.0 5.4 11.4 9.4 16.1 10.6 10.1 15.5 6.7 6.6 9.7 18.1 10.4 8.1 16.3 11.0 10.2 10.9 14.5 7.0 10.9 
Oct-Apr 6.6 4.5 6.7 4.5 5.5 14.8 3.6 3.9 0.3 -0.5 7.4 4.3 11.3 4.6 7.6 11.3 0.9 0.5 5.3 14.4 6.5 2.4 13.5 4.1 4.6 5.6 9.5 1.9 7.6 
May-Sep 17.7 17.8 16.1 19.0 19.9 25.8 16.3 14.7 14.0 13.8 17.1 16.5 22.8 19.1 13.7 21.5 14.8 15.1 15.9 23.3 15.8 16.1 20.2 20.6 18.0 18.3 21.4 14.2 15.5 
population % 100% 1.6% 2.1% 1.4% 0.7% 0.1% 1.9% 1.2% 0.3% 1.2% 13.3% 18.4% 1.9% 2.0% 0.7% 12.4% 0.4% 0.6% 0.1% 0.1% 3.6% 6.9% 1.8% 3.4% 1.3% 0.3% 7.0% 2.1% 13.2% 
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Table 3a. Global irradiance (W/m²) in EU-28, monthly total (Wh/m².d)+ average (W/m²) split-up in 5 time-periods per average month-day, July-December (VHK calculation on the basis of JRC PVGIS for country capital, extract 2014) 

Month, time of day (unit) EU-28 AT BE BU CR CY CZ DK EE FI FR DE GR HU EI IT LT LI LU MT NL PL PO RO SK SI ES SE UK 
EU28 
W/m² 

Jan (Wh/m².d) 1608 1458 954 2184 1754 3726 1210 805 563 538 1305 1068 3084 1526 1158 2645 676 829 1022 3235 971 974 3538 2074 1436 1952 3334 599 1234 67 
7-9 (W/m²) 58 49 29 73 52 203 41 19 4 3 47 30 77 53 30 116 13 16 34 146 28 27 170 78 46 74 154 5 35 
9-16 (W/m²) 210 193 128 280 232 458 160 110 79 76 172 144 409 201 157 338 93 114 135 412 131 131 445 261 191 255 423 84 166 
16-21 (W/m²) 4 2 1 15 5 23 1 0 0 0 2 0 14 3 0 9 0 0 1 12 0 0 16 17 2 4 14 0 0 
21-23 (W/m²) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 (W/m²) 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Feb 2446 2305 2083 2958 3128 4369 2021 1734 1770 1809 2276 2074 3298 2432 1780 3160 1822 2061 2258 4029 2141 1926 3796 2822 2328 2700 3911 1644 2008 102 
7-9 123 114 101 141 128 263 104 87 74 124 113 102 82 120 82 177 81 100 112 224 108 92 217 129 115 135 219 72 95 
9-16 303 288 261 355 394 516 251 217 228 223 284 260 427 304 225 383 232 259 282 490 267 242 457 341 291 337 473 211 253 
16-21 15 12 10 38 23 41 12 9 5 0 12 10 28 13 8 24 7 9 12 28 11 9 31 35 13 14 30 4 10 
21-23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 0 0 0 0 0 3 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0 0 1 0 0 

Mar 3478 3398 2639 3917 3946 5200 3023 2642 2955 2980 3380 2848 4368 3579 2846 4504 3001 3257 2911 5185 2768 2989 5413 3541 3485 3535 5673 2833 2759 145 
7-9 211 236 164 228 216 328 187 171 182 185 213 173 153 221 176 277 187 209 178 318 173 182 326 198 216 218 352 177 167 
9-16 401 388 303 435 461 593 348 298 340 343 386 329 538 412 328 519 344 369 336 598 317 346 628 398 401 407 651 325 320 
16-21 41 29 31 76 57 64 35 35 34 35 41 32 52 41 33 52 36 42 33 59 33 34 60 64 41 41 67 34 31 
21-23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 5 9 4 5 0 9 5 5 5 5 6 4 5 6 5 7 5 6 4 8 5 4 8 5 6 6 9 5 4 

  
Apr 4562 4519 3919 4971 4980 5805 4181 4382 4602 4597 4516 4159 5442 4779 4117 5385 4508 4388 4124 5973 4250 4118 5355 4573 4702 4444 5466 4368 4114 190 
7-9 297 295 258 300 283 357 277 291 301 302 305 276 284 309 271 345 299 298 272 373 283 269 347 269 308 292 359 287 270 
9-16 490 488 418 519 546 656 445 461 486 484 476 441 626 519 437 594 475 454 441 670 449 441 588 481 506 479 596 461 440 
16-21 79 75 69 116 93 76 74 81 84 85 83 75 80 77 74 81 83 86 72 82 77 71 81 101 79 74 86 80 71 
21-23 0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 18 17 17 20 14 14 18 21 22 23 20 19 12 18 19 17 22 23 17 16 19 17 17 20 18 17 18 21 17 

  
May 5268 5132 4592 5769 5881 6055 4950 5398 5695 5624 4762 5210 5945 5421 4878 5816 5723 5325 4693 6156 5002 5252 5896 5023 5272 4865 6274 5778 4711 220 
7-9 348 340 308 345 342 395 332 362 377 372 322 348 356 361 328 384 382 359 314 395 337 350 380 298 351 322 414 380 317 
9-16 535 526 459 574 614 652 497 531 562 551 476 522 656 556 481 612 567 523 472 667 496 528 635 495 538 502 666 576 466 
16-21 112 105 103 148 127 102 109 127 133 134 106 116 98 111 113 108 131 126 102 101 115 115 99 129 109 97 112 130 108 
21-23 0 0 0 0 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 33 30 32 40 29 24 33 41 43 44 32 36 19 32 36 28 42 40 31 24 36 35 24 40 32 28 28 41 34 

Jun 5288 5279 4490 5866 6488 6314 4771 5100 5853 5695 5111 4732 6422 5654 4670 6148 5703 5191 4782 6384 4752 4902 6259 5410 5427 5139 6651 5478 4699 220 
7-9 349 350 303 349 346 409 321 340 385 374 347 318 397 375 314 403 379 349 321 408 319 327 407 324 360 340 432 360 314 
9-16 521 528 429 566 617 677 460 476 553 532 492 447 702 569 439 641 539 484 464 686 450 472 664 517 543 519 706 515 453 
16-21 124 118 115 161 163 108 119 138 154 154 128 125 109 124 125 119 150 141 117 109 124 122 113 149 121 111 120 147 117 
21-23 0 0 0 0 62 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 40 37 39 50 67 27 40 49 55 56 42 43 22 38 44 33 53 50 38 27 43 41 29 50 38 34 31 53 39 
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Table 3b. Global irradiance (W/m²) in EU-28, monthly total (Wh/m².d)+ average (W/m²) split-up in 5 time-periods per average month-day, July-December (VHK calculation on the basis of JRC PVGIS for country capital, extract 2014) 
Month, time of 
day (unit) EU-28 AT BE BU CR CY CZ DK EE FI FR DE GR HU EI IT LT LI LU MT NL PL PO RO SK SI ES SE UK 

EU28 
W/m² 

Jul (Wh/m².d) 5534 5636 4829 5987 6191 6269 5051 5310 5793 5716 5502 5027 6443 6060 4774 6323 5563 5218 5265 6529 4913 5162 6545 5910 5704 5456 6907 5451 4850 231 
7-9 (W/m²) 362 371 323 359 348 397 339 352 382 323 370 336 379 398 320 411 371 351 350 412 329 342 420 335 373 354 445 359 322 
9-16 (W/m²) 559 576 476 607 652 685 499 516 559 552 546 491 714 624 461 670 533 500 528 712 478 512 706 577 587 568 744 525 481 
16-21 (W/m²) 121 117 113 156 133 99 117 129 144 184 125 121 106 122 119 114 141 132 116 104 119 118 110 144 116 106 116 137 111 
21-23 (W/m²) 0 0 0 0 18 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 (W/m²) 37 35 36 30 29 23 37 43 49 35 39 40 20 35 40 30 48 45 36 25 39 38 27 60 34 30 29 47 35 

Aug 5156 5046 4397 5950 5802 6218 4630 4624 4508 4356 5069 4676 6309 5491 3942 6051 4721 4684 4688 6414 4503 4836 6582 5557 5191 5303 6706 4431 4503 215 
7-9  331 325 291 349 325 390 306 306 299 289 341 311 342 354 262 381 315 315 309 407 296 314 320 330 336 347 423 292 296 
9-16 548 542 459 631 634 693 485 476 459 440 528 484 724 591 406 668 482 479 494 709 470 511 737 585 556 566 743 453 471 
16-21 94 86 84 135 109 88 87 94 95 94 98 92 90 93 80 91 98 97 87 95 86 88 142 128 90 92 98 92 85 
21-23 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 23 21 23 20 18 18 23 27 28 29 26 26 13 23 23 20 29 28 23 20 24 23 9 20 22 23 21 27 23 

Sep 4162 4150 3321 5305 4637 6005 3457 3378 3024 2878 4132 3485 5826 4618 3410 5347 3341 3198 3743 5801 3398 3384 6000 4781 4360 4244 5998 3312 3447 173 
7-9 W/m² 255 255 210 298 249 361 218 216 192 183 265 220 247 276 212 323 216 210 236 345 215 208 371 270 270 251 366 209 212 
9-16 472 473 372 589 535 694 388 376 337 320 461 391 707 532 385 615 370 351 421 673 381 384 684 529 495 491 688 370 391 
16-21 55 52 46 101 70 69 47 48 43 41 58 47 67 54 45 63 49 49 50 65 47 44 74 92 56 49 72 46 44 
21-23 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 9 9 8 10 5 10 9 9 8 8 11 9 6 9 8 10 10 10 9 10 9 8 12 10 10 8 11 9 8 

Oct 3040 2999 2344 4253 3318 5209 2689 2114 1651 1544 2906 2461 4190 3344 2262 4207 2014 2116 2422 4983 2271 2515 4961 3574 3186 3152 4679 1879 2417 127 
7-9 163 159 131 215 150 307 146 112 86 79 166 131 92 175 118 230 112 121 134 286 122 135 288 178 173 177 264 97 129 
9-16 369 367 283 497 408 617 327 259 204 191 349 301 543 410 278 509 246 255 294 597 277 307 590 419 387 380 562 233 296 
16-21 24 21 18 61 32 49 20 15 10 9 24 17 38 23 15 33 14 17 18 41 16 18 45 50 24 26 40 11 17 
21-23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 1 1 1 5 0 4 1 1 0 0 1 1 2 1 1 2 0 1 1 3 1 1 4 5 1 2 3 0 1 

Nov 1853 1579 1357 2346 1984 4182 1155 1163 634 562 1802 1296 3029 1875 1378 2930 805 954 1504 3661 1314 1156 3544 2183 1601 2081 3391 892 1476 77 
7-9 73 62 48 86 49 226 48 36 13 10 66 45 60 77 44 134 24 33 58 181 48 41 204 82 80 88 160 20 48 
9-16 240 205 178 297 266 514 149 156 87 78 236 171 404 242 184 372 108 126 196 460 173 152 431 275 205 268 428 122 196 
16-21 6 4 2 19 5 27 3 0 0 0 4 2 17 5 1 12 0 1 4 17 2 2 24 17 1 6 16 0 2 
21-23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Dec 1281 1069 758 1797 1428 3374 828 617 337 307 1048 770 2628 1157 854 2380 400 501 846 2983 742 675 3262 1615 1036 1434 2697 359 881 53 
7-9 40 31 18 51 29 166 24 9 0 0 30 16 45 33 17 99 3 6 22 134 15 14 165 51 28 49 113 0 17 
9-16 170 144 103 236 194 423 111 86 48 44 141 106 356 155 117 307 56 70 115 382 102 92 409 210 140 190 347 51 121 
16-21 2 0 0 8 3 16 0 0 0 0 0 0 10 1 0 7 0 0 0 9 0 0 14 9 0 1 8 0 0 
21-23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23-7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVG (Wh/m².d) 3640 3547 2974 4275 4128 5227 3164 3105 3115 3050 3484 3150 4748 3828 3006 4575 3190 3143 3188 5111 3085 3157 5096 3922 3644 3692 5140 3085 3091 152 
Oct-Apr 2610 2475 2008 3203 2934 4552 2158 1922 1787 1762 2462 2096 3720 2670 2056 3602 1889 2015 2155 4293 2065 2050 4267 2912 2539 2757 4164 1796 2127 109 
May-Sep 5082 5049 4326 5775 5800 6172 4572 4762 4974 4853 4915 4626 6189 5449 4335 5937 5010 4723 4634 6257 4513 4707 6256 5336 5191 5001 6507 4890 4442 212 

100% 1.6% 2.1% 1.4% 0.7% 0.1% 1.9% 1.2% 0.3% 1.2% 13.3% 18.4% 1.9% 2.0% 0.7% 12.4% 0.4% 0.6% 0.1% 0.1% 3.6% 6.9% 1.8% 3.4% 1.3% 0.3% 7.0% 2.1% 13.2% 100% 
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Heating Degree Days population-weighted 

 

Table A1. header: 

Heating degree-days by NUTS 2 regions - annual data 2009  

[source: VHK calculation based on Eurostat, nrg_esdgr_a ; demo_r_d3area; table 
population density NUTS 2 level]; EU average calculated by surface and by population 
density. Note that population data are derived from multiplication of these latter 2 
parameters and may be subject to rounding errors] 

 

Note: 

Apart from a minor deviation of 21 HDD, due to incomplete NUTS 2 surface data, the 
calculation shows that indeed the 2009 Eurostat’s number of average EU heating days 
(3076 HDD) is based on a surface-weighted average. The same dataset recalculated –at 
NUTS 2 level—for a population weighted average yields an EU average of 2637 HDD, i.e. 
14% lower.  
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           EU 
     

Germany (continued) 
    EU27 Eurostat (source) 3 076 

    
Lüneburg 2 975 15 508 109 1695024 

EU28 surface-weighted (calc.) 3 055 
    

Weser-Ems 2 823 14 986 165 2477235 
EU28 population weighted (calc.) 2 637 

    
Düsseldorf 2 651 5 290 980 5181947 

total/avg. 
 

4387462 118 516 m 
 

Köln 2 834 7 365 595 4384883 
Belgium 

     
Münster 2 765 6 908 377 2601628 

Région de Bruxelles-Capitale  2 487 161 6702 1079038 
 

Detmold 2 961 6 520 314 2046628 
Prov. Antwerpen 2 560 2 867 623 1784708 

 
Arnsberg 3 002 8 003 461 3687644 

Prov. Limburg (BE) 2 584 2 422 349 845520 
 

Koblenz 2 953 8 073 185 1495101 
Prov. Oost-Vlaanderen 2 505 2 982 484 1443884 

 
Trier 2 978 4 923 105 514443 

Prov. Vlaams-Brabant 2 486 2 106 511 1075955 
 

Rheinhessen-Pfalz 2 783 6 851 294 2010886 
Prov. West-Vlaanderen 2 548 3 144 370 1161708 

 
Saarland 2 849 2 569 400 1026453 

Prov. Brabant Wallon 2 519 1 090 346 377249 
 

Chemnitz (NUTS 2006) 3 355 6 524 206 1344555 
Prov. Hainaut 2 617 3 786 347 1311849 

 
Dresden 3 139 7 931 205 1624269 

Prov. Liège 2 899 3 862 277 1068615 
 

Leipzig (NUTS 2006) 2 975 3 965 252 998708 
Prov. Luxembourg (BE) 3 011 4 440 60 268176 

 
Sachsen-Anhalt 3 005 20 447 116 2369819 

Prov. Namur 2 831 3 666 129 471814 
 

Schleswig-Holstein 3 073 15 799 179 2832761 
Bulgaria 

     
Thüringen 3 231 16 172 140 2259242 

Severozapaden 2 464 19 070 48 909653 
 

Estonia 
    Severen tsentralen 2 350 14 974 61 919404 

 
Eesti 4 302 45 227 31 1397514 

Severoiztochen 2 252 14 487 68 989489 
 

Ireland 
    

Yugoiztochen 2 116 19 799 57 1118627 
 

Border, Midland and 
Western 2 909 33 252 37 1243625 

Yugozapaden 2 711 20 306 104 2113896 
 

Southern and Eastern 2 781 36 545 90 3278087 
Yuzhen tsentralen 2 459 22 365 69 1534246 

 
Greece 

    Czech Republic 
     

Anatoliki Makedonia, Thraki 1 792 14 157 43 610167 
Praha 3 209 496 2558 1268619 

 
Kentriki Makedonia 1 750 19 147 103 1975970 

Strední Cechy 3 209 11 015 115 1263421 
 

Dytiki Makedonia 2 247 9 451 32 299597 
Jihozápad 3 427 17 618 71 1247319 

 
Thessalia 1 572 14 037 53 738346 

Severozápad 3 363 8 649 135 1167615 
 

Ipeiros 1 768 9 203 39 361678 
Severovýchod 3 409 12 440 123 1531389 

 
Ionia Nisia 1 123 2 307 101 233699 

Jihovýchod 3 223 13 991 121 1697096 
 

Dytiki Ellada 1 230 11 350 67 762720 
Strední Morava 3 302 9 230 135 1247923 

 
Sterea Ellada 1 299 15 549 36 558209 

Moravskoslezsko 3 314 5 426 235 1275747 
 

Peloponnisos 1 240 15 490 38 591718 
Denmark 

     
Attiki 1 029 3 808 1077 4101216 

Denmark 3 235 43 098 130 5610106 
 

Voreio Aigaio 1 038 3 836 52 200623 
Germany  

     
Notio Aigaio 552 5 286 58 308174 

Stuttgart 3 021 10 558 379 4003442 
 

Kriti 727 8 336 73 610195 
Karlsruhe 2 881 6 919 396 2740616 

 
Spain 

    Freiburg 3 005 9 357 235 2196111 
 

Galicia 1 834 29 574 93 2759292 
Tübingen 3 277 8 918 203 1807638 

 
Principado de Asturias 1 894 10 604 100 1061420 

Oberbayern 3 187 17 531 248 4340552 
 

Cantabria 1 984 5 321 110 583747 
Niederbayern 3 240 10 330 115 1191037 

 
País Vasco 1 974 7 235 297 2148131 

Oberpfalz 3 301 9 691 112 1082440 
 

Com. Foral de Navarra 1 947 10 390 60 619268 
Oberfranken 3 390 7 232 149 1079663 

 
La Rioja 2 061 5 045 63 315836 

Mittelfranken 3 189 7 245 236 1711175 
 

Aragón 1 983 47 720 28 1321852 
Unterfranken 3 051 8 532 155 1324957 

 
Comunidad de Madrid 1 863 8 028 793 6368374 

Schwaben 3 353 9 993 179 1785731 
 

Castilla y León 2 235 94 226 27 2515832 
Berlin 2 998 891 3858 3437122 

 
Castilla-la Mancha 1 774 79 462 26 2042173 

Brandenburg 3 062 29 480 85 2517566 
 

Extremadura 1 224 41 635 27 1107478 
Bremen 2 905 404 1637 661839 

 
Cataluña 1 796 32 113 228 7325067 

Hamburg 3 013 755 2348 1773285 
 

Comunidad Valenciana 1 294 23 255 217 5036925 
Darmstadt 2 864 7 445 509 3788659 

 
Illes Balears 919 4 992 215 1074713 

Gießen 3 149 5 381 195 1046624 
 

Andalucía 1 074 87 598 95 8277983 
Kassel 3 210 8 289 148 1228400 

 
Región de Murcia 1 086 11 313 129 1454878 

Mecklenburg-Vorpommern 3 138 23 182 72 1657542 
 

Ciudad Autón. de Ceuta (ES) 431 20 3815 74398 
Braunschweig 3 041 8 100 200 1619920 

 
Ciudad Autón. de Melilla  562 13 5317 71242 

Hannover 2 911 9 047 237 2145996 
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           France 
     

Észak-Magyarország 2 751 13 433 91 1215659 
Île de France 2 436 12 012 979 11757639 

 
Észak-Alföld 2581 17729 85 1498075 

Champagne-Ardenne 2 654 25 606 52 1336623 
 

Dél-Alföld 2468 18337 72 1322119 
Picardie 2 615 19 400 99 1912791 

 
Malta 

    Haute-Normandie 2 573 12 317 149 1835293 
 

Malta 499 316 1310 413992 
Centre (FR) 2 378 39 151 65 2544809 

 
Netherlands 

    Basse-Normandie 2 446 17 589 84 1472224 
 

Groningen 2887 2960 247 729936 
Bourgogne 2 531 31 582 52 1642264 

 
Friesland (NL) 2827 5748 193 1110649 

Nord - Pas-de-Calais 2 520 12 414 325 4035824 
 

Drenthe 2857 2680 186 497750 
Lorraine 2 766 23 547 100 2350031 

 
Overijssel 2818 3420 339 1160369 

Alsace 2 636 8 280 223 1844001 
 

Gelderland 2715 5136 401 2061277 
Franche-Comté 2 752 16 202 72 1169806 

 
Flevoland 2729 2412 272 656387 

Pays de la Loire 2 174 32 082 111 3554663 
 

Utrecht 2655 1449 878 1272165 
Bretagne 2 184 27 208 117 3186045 

 
Noord-Holland 2721 4091 995 4071341 

Poitou-Charentes 2 078 25 810 68 1765370 
 

Zuid-Holland 2629 3418 1241 4243042 
Aquitaine 1 849 41 308 78 3217924 

 
Zeeland 2502 2933 213 625801 

Midi-Pyrénées 2 119 45 348 63 2870522 
 

Noord-Brabant 2656 5081 496 2521589 
Limousin 2 431 16 942 44 742073 

 
Limburg (NL) 2656 2209 522 1153202 

Rhône-Alpes 2 582 43 698 142 6200775 
 

Austria 
    Auvergne 2 826 26 013 52 1344867 

 
Burgenland (AT) 2693 3961.8 77 306247 

Languedoc-Roussillon 1 989 27 376 96 2622602 
 

Niederösterreich 3054 19186 85 1628917 
Provence-Alpes-Côte d'Azur 2 164 31 400 156 4895198 

 
Wien 2764 414 4274 1772042 

Corse 1 063 8 680 35 307265 
 

Kärnten 3353 9538 60 570372 
Croatia 

     
Steiermark 3327 16401 74 1218594 

Croatia 2 316 87 661 93 8143707 
 

Oberösterreich 3231 11980 120 1442380 
Italy 

     
Salzburg 3610 7156 75 537416 

Piemonte 2 266 25 403 179 4536887 
 

Tirol 3680 12640 56 712907 
Valle d'Aosta/Vallée d'Aoste 3 164 3 263 39 128570 

 
Vorarlberg 3403 2601 145 377940 

Liguria 1 823 5 422 303 1643287 
 

Poland 
    Lombardia 2 288 23 863 429 10239527 

 
Lódzkie 3372 18219 140 2545194 

Bolzano/Bozen (NUTS 2006) 3 868 7 400 68 503193 
 

Mazowieckie 3516 35558 147 5212803 
Trento (NUTS 2006) 3 404 6 207 85 528207 

 
Malopolskie 3454 15183 217 3293193 

Veneto (NUTS 2006) 2 232 18 399 279 5129613 
 

Slaskie 3342 12333 377 4643375 
Friuli-Venezia Giulia (NUTS 2006) 2 243 7 858 163 1281705 

 
Lubelskie 3503 25122 86 2160492 

Emilia-Romagna (NUTS 2006) 2 008 22 446 198 4446454 
 

Podkarpackie 3348 17846 118 2100474 
Toscana (NUTS 2006) 1 763 22 994 164 3773233 

 
Swietokrzyskie 3431 11711 109 1271815 

Umbria (NUTS 2006) 1 981 8 456 109 920013 
 

Podlaskie 3800 20187 59 1191033 
Marche (NUTS 2006) 1 820 9 366 167 1566915 

 
Wielkopolskie 3296 29826 114 3403147 

Lazio (NUTS 2006) 1 625 17 236 335 5767166 
 

Zachodniopomorskie 3345 22892 74 1694008 
Abruzzo 1 850 10 763 126 1352871 

 
Lubuskie 3136 13988 72 1009934 

Molise 1 744 4 438 73 325283 
 

Dolnoslaskie 3305 19947 144 2876357 
Campania 1 433 13 590 435 5904942 

 
Opolskie 3235 9412 110 1032496 

Puglia 1 415 19 358 213 4117425 
 

Kujawsko-Pomorskie 3452 17972 115 2068577 
Basilicata 1 561 9 995 61 606672 

 
Warminsko-Mazurskie 3668 24173 59 1426207 

Calabria 1 171 15 081 136 2053978 
 

Pomorskie 3537 18310 122 2224665 
Sicilia 1 093 25 711 198 5101142 

 
Portugal 

    Sardegna 1 139 24 090 70 1686293 
 

Norte 1652 21284 176 3745966 
Cyprus 

     
Algarve 715 4996 87 432154 

Kypros 600 9 250 87 802900 
 

Centro (PT) 1241 28200 85 2382908 
Latvia 

     
Lisboa 765 2940 961 2825142 

Latvija 4 161 64 559 36 2343492 
 

Alentejo 877 31551 24 754074 
Lithuania 

     
Romania 

    Lietuva 3 931 65 300 53 3480490 
 

Nord-Vest 2861 34161 81 2760168 
Luxembourg 

     
Centru 3174 34100 75 2550658 

Luxembourg 2 967 2 586 193 497805 
 

Nord-Est 3094 36850 103 3791844 
Hungary 

     
Sud-Est 2534 35762 91 3236434 

Közép-Magyarország 2 598 6 916 425 2938566 
 

Sud - Muntenia 2552 34453 98 3372949 
Közép-Dunántúl 2 643 11 116 99 1100474 

 
Bucuresti - Ilfov 2491 1821.2 1283 2337328 

Nyugat-Dunántúl 2 655 11 328 88 996890 
 

Sud-Vest Oltenia 2579 29212 79 2310645 
Dél-Dunántúl 2 539 14 169 67 950720 

 
Vest 2577 32033 61 1950822 
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           Slovenia 
          Slovenija 2 774 20 273 104 2114474 

 
South Western Scotland 3 240 13 060 175 2290636 

Slovakia 
     

Highlands and Islands 3 316 38 957 11 440211 
Bratislavský kraj 2 697 2 053 302 619710 

 
Northern Ireland (UK) 3 009 14 150 126 1788598 

Západné Slovensko 2 857 14 993 125 1866591 
      Stredné Slovensko 3 373 16 263 83 1349846 
      Východné Slovensko 3 288 15 728 101 1582267 
      Finland 

          Itä-Suomi (NUTS 2006) 5 492 179 375 23 4161488 
      Etelä-Suomi (NUTS 2006) 4 692 35 704 165 5901888 
      Länsi-Suomi 5 021 64 764 36 2357417 
      Pohjois-Suomi (NUTS 2006) 6 210 57 000 6 364800 
      Åland 4 178 1 582 18 28152 
      Sweden 

          Stockholm 4 017 6 789 307 2082927 
      Östra Mellansverige 4 121 41 414 40 1664839 
      Småland med öarna 3 922 35 560 24 864115 
      Sydsverige 3 481 14 424 98 1419312 
      Västsverige 3 846 31 108 63 1966045 
      Norra Mellansverige 4 957 69 549 13 897182 
      Mellersta Norrland 5 669 77 207 5 401476 
      Övre Norrland 6 322 165 296 3 545475 
      United Kingdom 

          Tees Valley and Durham 3 221 3 026 387 1170302 
      Northumberland and Tyne and 

Wear 3 236 5 516 255 1408837 
      Cumbria 3 190 6 823 73 499429 
      Greater Manchester 3 025 1 276 2040 2602785 
      Lancashire 2 894 3 076 470 1447092 
      East Yorkshire and Northern 

Lincolnshire 2 777 3 519 261 918329 
      North Yorkshire 3 067 8 312 96 796309 
      South Yorkshire 2 855 1 552 849 1317534 
      West Yorkshire 3 040 2 029 1098 2227563 
      Derbyshire and Nottinghamshire 2 839 4 788 435 2084739 
      Leicestershire, Rutland and 

Northamptonshire 2 731 4 918 341 1677496 
      Lincolnshire 2 711 5 921 118 698631 
      Herefordshire, Worcestershire and 

Warwickshire 2 807 5 898 216 1270976 
      Shropshire and Staffordshire 2 920 6 204 246 1523180 
      West Midlands 2 764 902 2927 2638532 
      East Anglia 2 643 12 570 187 2349314 
      Bedfordshire and Hertfordshire 2 714 2 879 591 1701769 
      Essex 2 580 3 677 469 1724654 
      Inner London 2 461 319 9580 3058990 
      Outer London 2 478 1 254 3744 4696226 
      Berkshire, Buckinghamshire and 

Oxfordshire 2 737 5 743 388 2227865 
      Surrey, East and West Sussex 2 555 5 456 492 2682170 
      Hampshire and Isle of Wight 2 604 4 149 451 1870090 
      Kent 2 449 3 737 446 1668152 
      Gloucestershire, Wiltshire and 

Bristol/Bath area 2 675 7 471 312 2330236 
      Dorset and Somerset 2 613 6 105 203 1236202 
      Cornwall and Isles of Scilly 2 484 3 566 150 534558 
      Devon 2 687 6 710 170 1139324 
      West Wales and The Valleys 2 801 12 058 145 1744749 
      East Wales 2 794 8 721 145 1261042 
      North Eastern Scotland 3 490 6 498 63 406144 
      Eastern Scotland 3 376 17 951 111 1994312 
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EU land coverage 2012 (LUCAS) 

 

LUCAS estimates the built-up artificial area at 65 billion m² (1.5% of total), but this part 
of the assessment is still in its infancy and would require a grid size that is much more 
refined than today. Compare: According to the data in this report, the ground floor area 
of the heated buildings is in the range of 10 billion m². To this the floor area (or rather 
roof area) of unheated buildings and constructions must added, but it seems unlikely to 
add up to the LUCAS number.  

 

 

Figure. EU Land Coverage 2012, according to LUCAS.  
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Evaluation building volume accuracy, Germany 

 

The German federal building ministry BMVBS108 has looked into several methods to 
estimate the number and dimensions of the non-residential building stock for Germany. 
The table below gives a qualitative evaluation. The main conclusion from this evaluation 
is that the indirect derivation from national statistics (land registry, building permits) is 
the most useful source, although at a limited aggregation level and subsequently with a 
considerable margin of error in floor area and volume.  

Direct statistics on functional units (hospital beds, sports facilities, etc.) at least supply 
numbers for parts of the categories. The urban planning guidelines on e.g. type and 
number of shops per area could be useful for part of the trade buildings. The GIS 
(Geographic Information Systems) are only –partially— useful to identify buildings that 
are clearly set apart from the general urban landscape, such as schools, hospitals, sports 
and cultural buildings. Finally, the BMVBS concludes that there are still several areas that 
are not covered in their building categories and where currently only anecdotal 
information (case studies, reference buildings) can help.  

Table C.1. Evaluation of methods to assess the number of non-residential buildings in Germany 
(source: BMVBS 2011) 

Category GIS Guidelines Statistics direct Statistics indirect 
Educational buildings ⃝1 - ⃝4 
Offices and public buildings - - ⃝5 
Factories - - - 8
Workshops - - - 8
Health care facilities ⃝ - ⃝6 - 
Trade buildings - ⃝ - 9
Warehouses - - - 9
Sports buildings  -  - 
Indoor swimming pools - - - - 
Cultural buildings ⃝3 - - 
  - - ⃝7 

= numbers can be assessed 
⃝ = numbers can partially be assessed 
- = numbers cannot be assessed 
1 only maternal, primary & secondary schools and higher education  
2 only hospitals 
3 cinemas, trade fair, exposition buildings are missing 
4 children's day-care and vocational training facilities are missing  
5 only court buildings, i.e. the largest part is missing 
6 only hospitals, polyclinics missing 
7 companies and enterprises are captured, not buildings 
8 factories and repair shops are only given as a total number 
9 trade buildings and warehouses are only given as a total number 

 

The same source also shows quantitative comparisons of the number and the floor area 
of non-residential buildings according to various sources. These are given in the graphs 
below, which show that deviations of ± 30% from a middle value of the sources are quite 
common. 

                                           
108 Bundesministerium für Verkehr, Bau und Stadtentwicklung, ‘Typologie und Bestand beheizter 

Nichtwohngebäude in Deutschland’, BMVBS-Online-Publikation, Nr. 16/2011, Aug. 2011. 
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Furthermore, it is relevant that this wide range of possible error applies to Germany, i.e. 
one of the Member States with probably –along with the Scandinavian countries—the 
most detailed and accurate building statistics in the European Union.  

 
Figure C.1. Comparison of number of buildings by various sources 

 
Figure C.2. Comparison of useful floor area by various sources 

Sources for these comparative graphs are the official statistics (‘BAV’), an estimate based 
on the analogy between residential and non-residential buildings and the results from a 
comprehensive (but older) study by Kohler, Hassler, Paschen for the year 1991 (see 
Table C2). 

Note: The building volume in the figure below relates to gross volume, i.e. including 
outer walls/roof/floors but also including circulation areas and technical functional spaces. 
The surface area in table below relates to useful floor area, i.e. excluding outer 
walls/roof/floors, circulation areas and technical functional spaces.  
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Figure C.3. Comparison of newly built (Errichtung neuer Gebäude) non-residential building 
(Nichtwohngebäude) with residential (Wohngebäude) volume (Rauminhalt) per inhabitant 
(EW=Einwohner) in Germany 1991-2009 as a basis for estimating non-residential building stock 
volume. 

Table C.2. Useful area (D. Nützflache) of German building stock 1991 in million m² (source: Kohler, 
Hassler, Paschen 1999) 

age class till 1870 till 1918 till 1948 till 1965 till 1978 till 1990 Share 

Function class               

single family houses 105 168 159 275 252 196 47% 

terraced houses 13 20 50 87 108 56 13% 

small multi-family houses 74 119 124 260 194 116 28% 

large multi-family houses 17 27 12 47 92 45 11% 

high rise apartment 
buildings 

0 0 0 10 36 6 1% 

Total residential 
buildings 

209 334 345 679 683 418 2668=100% 

office and public buildings 20 51 31 44 36 35 12% 

health care buildings 26 64 38 55 26 11 4% 

hotels and restaurants 4 11 7 9 7 6 2% 

trade buildings and 
warehouses 

61 153 92 131 100 87 29% 

factory, workshop buildings 54 135 81 115 88 77 26% 

agricultural buildings 52 131 79 112 53 45 15% 

other non-residential 
buildings 

66 164 98 137 86 36 12% 

Total non-residential 
buildings 

283 708 425 603 396 298 2713=100% 

Total buildings 492 1 042 770 1 282 1 079 716 5 381 
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Functional units, capita selecta 

 

Residential sector (2010) 

The residential dwelling stock increases at 1.1% annually (1.16% built minus 0.06% 
demolition). New dwellings have 107.5 m² floor area, existing dwellings 90 m² (2010). 
Growth rate of the dwelling floor area is 0.6%/a (2010). There are 4.6 rooms per 
dwelling (2010) with an annual increase of 0.4%. Figures are based on updates of VHK, 
Ecodesign preparatory study on CH boilers, for ENER Lot 1, 2007. Subsequent studies 
have shown minor deviations (mentioned at the respective figures later in this chapter, 
e.g. for retail and defence buildings), but the overall estimate seems robust.  

In EU-27 there are 144 million single family/duplex dwellings in 115 million buildings. 
Average dwelling size is estimated at 110 m²/dwelling. Total floor area is estimated at 
15.8 bn. m². At an average floor height of 2.85 m the built volume will be 45 bln. m³. 
Around 80% are conventional occupied homes in permanent use (ca. 115 million ‘primary 
dwellings’ typically with 1 household/dwelling) 

24 % of primary dwellings have whole-house mechanical ventilation, 22.5% mechanical 
exhaust and 1.5% balanced ventilation with heat recovery. The rest has natural 
ventilation, with or without the aid of local fans.  

118 million multi-family dwellings (44% of the residential sector), of which ca. 80% (94 
million) are occupied, used permanently and equipped with a heating system; 

14.7 million multi-family buildings have a total floor area of ca. 10.5 bln. m², including 
dwellings at 65 m²/unit and a multiplier 1.25 for entrance, stairs, elevators, service area, 
indoor parking in a part of city apartments;  

At an average floor height of 3 m (high share of older buildings), the built volume will be 
around 30 bln. m³, of this the permanently occupied dwellings (heated and ventilated) 
represent 6.3 bln. m² and 18.8 bln. m³;  

Around 80% are conventional occupied dwellings in permanent use (ca. 94 million 
‘primary dwellings’ typically with 1 household/dwelling). Together with single 
family/duplex dwellings this brings the estimate of the number of EU-27 households on 
around 209 million. At an EU-27 population of over 501 million inhabitants (Eurostat, 
status 1.1.2010) this means an average household size of 2.4 persons per household.  

Of the primary dwellings (80% of stock) 64% are ‘low-rise’ (60 million; 12 bln. m³), i.e. 
with 4 layers or less, situated in the equivalent of 10 million buildings. Typically, they are 
assumed to be city apartments with side-walls attached to a neighbouring apartment. 
The AV ratio of the building will be 0.55 m²/m³. Per dwelling the ground- and top 
apartments will have a significantly higher AV-ratio (ca. 0.7) and the mid-apartments a 
lower AV-ratio (ca. 0.3).  

70% of these low-rise apartments use natural ventilation (42 million dwellings; 8.3 bln. 
m³), 28% are using central mechanical exhaust ventilation (16.8 mln; 3.35 bln. m³) and 
2% (1.2 million; 0.24 bln. m³) balanced mechanical ventilation system. Of this latter 
group half may have heat recovery ventilation systems (1%, 0.11 bln. m³).  
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Figure D.1. Split-up of number and types of apartment building EU-27 (2005) 

36% of primary apartments (34 million dwelling; 6.6 bln. m³) are ‘high-rise’, i.e. with 5 
layers or more, situated in the equivalent of 1.7 million buildings. Typically, they will be 
peripheral flats. The AV ratio of the building will be 0.65 m²/m³. Per dwelling the corner, 
ground- and top apartments will have a significantly higher AV-ratio (ca. 0.7) and the 
mid-apartments a lower AV-ratio (ca. 0.3).  

50% of these high-rise apartments use natural ventilation, with passive stacks for the 
wet rooms (15 million; 2.9 bln. m³) and 48% are using central mechanical exhaust 
ventilation, largely from retrofitting the passive stacks (14.4 million; 2.9 bln. m³). Again 
2% of these apartments (0.6 mln; 0.1 bln. m³) may have a balanced mechanical 
ventilation system, possibly with cooling. Of this latter group half may have heat 
recovery (0.3 million; 0.05 bln. m³). 

Residential sector demographics (2005) 

In 2005, the EU-25 had 456 million inhabitants and was hardly growing (0.15%/year). In 
some countries like Italy, Portugal, Hungary, the Czech Republic and the Baltic States the 
population is expected to decrease. Fastest grower was Ireland, which expected 18% 
more inhabitants in 15 years from now (data 2005). 

The number of households, where ‘household’ may have slightly different definitions per 
Member State but in general is equal to the number of primary dwellings, is growing 
faster, i.e. at around 1% 

Residential sector physical characteristics (2005) 

Boverket reports an EU-25 stock of 205 million dwellings in 2003, of which 19% in 
Germany, 14% in France, 13% in Italy, 12% in the UK and 10% in Spain. If we also 
include Poland (6%), there are 6 countries that make up three quarters of the EU-25 
dwelling stock. The other countries each make up 3.3% (NL) or less of the total.  

Primary dwellings, the principle dwellings where families live, are around 184 million. 
Around 20.5 secondary dwellings are reported which represent a heterogeneous mix 
of second homes, vacant homes, etc..  
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Germany does not include vacant homes in its dwelling stock, whereas most countries 
do. 

 France109 includes hotels in its dwelling stock figure. 
 Ireland, France and Poland also include mobile dwellings such as ships and/or 

permanent caravans (US. ‘trailers’).  

Collective homes are reportedly included in the dwelling stock statistics of Belgium, 
Cyprus, Lithuania, Luxembourg, Poland and Sweden. This could have a negative 
effect on the primary dwelling stock, because these dwellings house multiple 
households.  

With the possible exception of Spain, the reported figures on the stock of second 
homes, winter and summer habitations, etc. after subtraction of the vacant homes 
are very unlikely. Despite the efforts of Boverket this will probably remain a grey 
area. 

Vacant homes, waiting to be sold, renovated or demolished, are the most substantial 
part of what is reported as ‘secondary homes’. In 2003 some 18 million homes were 
identified as such. If we exclude the German vacant homes, we find that almost 15 
out of the 20 million ‘secondary homes’ are in fact ‘vacant homes’. The remainder are 
mostly second homes reported by Spain, whereas of course also in many other 
countries there is a vast –but not reported—stock of weekend/winter/summer 
cottages. 

Single- and two-family homes account for 54% of the dwelling stock and multi-family 
homes for 46%, of which some 16% are high rise buildings with more than 4 storeys. 
In some countries, notably Germany, a distinction is made in the statistics between 
single-family and two-family houses, where the latter are slightly less than half of the 
total. But some countries just count two-family dwellings as (semi-detached) single 
family homes. Please note that the figures represent the number of dwellings (not the 
number of buildings). 

The EU-25 built some 2.2 million new dwellings in 1990 and in 2003. Effectively, 
given the rise in population and the smaller household size this means that there has 
been a negative growth rate in many countries, notably in Germany (-16% ), Baltics 
(around -75%), Scandinavia (>-50%), whereas also in Slovakia, Czech Republic and 
Hungary the new 2003 dwellings are only half of what they were in 1990. The most 
dramatic increases took place in Ireland (+245%) and in Spain (+63%). 

Reporting on demolished dwellings is incomplete, so the figure of 133000 dwellings 
removed from the 2003 stock is a minimum figure. 

The largest fraction of older buildings in the EU-25 can be found in the UK, Denmark, 
France and Italy, where buildings from before 1919 make up 19-21% of the total 
stock.  

These countries also have the highest average dwelling age of 56-57 years. The 
youngest building stock can be found in Portugal and Finland (33 years), followed by 
Ireland, Spain and Greece (35 years). The Netherlands has relatively built the newest 
dwellings (30% of total) in the period since 1981.  

                                           
109 and in principle also Poland, but the figure presented in the table only includes primary dwellings. 
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The average EU floor area for existing dwellings is 87 m² or 35 m²/person. For new 
dwellings this is 103 m² per dwelling. The largest existing houses can be found in 
Cyprus (145 m²), Luxembourg (125), Denmark (109) and Ireland (106). The smallest 
existing dwellings (avg. 55-60 m²) can be found in the Baltic States and some 
countries in Central Europe. However, new dwellings in the Baltics and Central Europe 
are on or above the EU-average. 

Existing dwellings have approx. 4 rooms per dwelling, whereas new dwellings have 
4.5. This excludes the hall(s), cellars, etc.. Whether the kitchen is counted as a ‘room’ 
depends on the country. Many countries use a definition with a minimum number of 
square meters. Austria, Denmark, France and Lithuania do not usually count the 
kitchen as a room. From the number of rooms, the number of heat emitters can be 
estimated to be 6-7 heat emitters per dwelling (including the hall and 2-3 radiators in 
living room + kitchen). 

Around 78-79% of the dwelling stock –or some 160 million dwellings—are reported to 
have some form of central heating (wet/dry/district) and running hot water for 
showers or baths. In friendly climates like Malta (3%), Portugal (4%), Cyprus (27%) 
the occasional stove is probably enough for space heating. For hot water we find the 
lowest penetration (60-70%) in the Baltic States and Portugal. In general, the 
reliability of these figures should not be overrated because it is usually left to the 
imagination of the people filling in a questionnaire to determine whether they have 
‘central heating’ or not. 

Residential dwellings heat loads (2005) 

Figures are based on outcomes of more recent studies in 2005 on the subject of the 
average heat load per dwelling and revisiting every aspect of earlier studies (PRIMES 
‘Shared Analysis’ 1999, SAVE 2002, ECCP 2003). It tries to reconcile a ‘bottom-up’ and 
‘top-down’ approach in not only correcting the EU-average, but also making an estimate 
per Member State.  

The average EU-25 space heating/cooling energy demand is currently around 12.600 
kWh/dwelling. This is 72.5% of the total average net energy demand (excl. power 
generation losses) of 17370 kWh/dwelling. 

Of this, the effective heating/cooling load of the dwelling (transmission, ventilation, 
internal gains at current comfort level) is 7.400 kWh/dwelling. 

Both above points combined imply that around 40% of the space heating demand is due 
to heating system losses (generator, distribution and control losses). 

Per unit of floor area the 7.400 kWh/hh.a heat load equals around 85 kWh/m² or a little 
over 300 MJ/m². In Southern Europe this is half (Italy 54, Spain 37, Greece 69 kWh/m², 
etc. ) and in Northern Europe this is double that value (Estonia 186, Finland 158, Sweden 
118, etc.). But the climate certainly doesn’t explain all differences, e.g. the highest 
calculated heat loads per dwelling can be found in the middle of the EU, i.e. in 
Luxemburg (15.400 kWh/hh.a) and Belgium (12.200 kWh/hh.a).  

Statistical information on housing characteristics has improved, but we are still a long 
way from being able to monitor efficiency improvements in the housing stock.  

The figures per individual Member State should be understood as an attempt to test the 
average EU heat load data for consistency, not as the best possible estimate of the 
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residential energy balance for each individual Member State. This would require a higher 
level of differentiation between e.g. generator, distribution and control losses in each 
country and a more extensive study. Having said that, the accuracy of the EU average 
heat load is estimated at within ± 10%, which is sufficient for our purpose. 

Retail (2006-2010) 

There is a trend towards more (indoor) shopping malls in the EU. In 2005, the Retail 
Consulting Group, already predicted 150 m²/1 000 inhabitants. Today, this may be 
around 200 m²/1 000 inhabitants. At a typical size of 100.000 m² per mall this means 2 
large malls per million inhabitants or rather around 1 000 large shopping malls in Europe. 
This represents the equivalent of 100 million m². Every mall holds around 100-150 retail 
outlets, already taken into account above and representing one third of the volume, but 
it still means that 66 million m² (264 million m³) is unaccounted for, which must be 
added to the above total.  

This brings the retail total to around 4.264 million m³. Including wholesale and trade in 
motor vehicles the total becomes 6.760 m³.  

Hotels & restaurants (2006) 

Eurostat (2006) reports for the EU-27 a capacity of in total 25 million beds/places, 
subdivided between 11 million hotel beds, 9 million places on tourist camp-sites, 2.5 
million holiday dwellings and 2.2 other collective accommodations. 

Trade Fairs  

In terms of the size of the buildings, the trade fair exhibition halls are an interesting 
subsection at NEC 5-digit level. Germany alone boosts 2.7 million m² of trade fair 
exhibition hall floor area. In total EU-27 is estimated to have ca. 10 million m² of trade 
fair exhibition area. At a ceiling height of 8 m this comes down to ca. 80 million m³. 
Largest 5 fairs in EU are: Hannover, Milano Fiera, Frankfurt, Cologne, Dusseldorf.110  

Transportation and communication (2009) 

It is estimated that the EU has around 10.000 manned train stations, i.e. featuring at 
least one heated area. The size of the heated area may range from a one-man ticket 
counter to the arrivals & departures hall of an international high-speed rail station. As a 
first guess, the heated area is estimated at 200 m², including the company head-offices. 
This brings the total to 2 million m² and around 8 million m³. 

There are around 25 large cities in the EU that feature a subway-network. Per network, 
around 100 underground stations are estimated, which require ventilation. In total, these 
2.500 underground stations will have a floor area of 2.5 million m² and a total ventilated 
volume of 5 million m³. 

The CIA World Factbook reports 3.376 airfields in the EU (2009), of which 1.981 with a 
paved runway and presumably some heated area. Of the latter it is estimated that 
around 200-300 airports host commercial flights, of which again around 30 large airports. 
Estimating the latter at 200.000 m² (2 million m³, excluding shops) a piece, 250 other 
commercial airports at 2 000 m² (10 000 m³) and 1600 small airports at 200 m² (1000 
m³) per unit, the total is around 64 million m³. 

                                           
110 AUMA report 2009. Note that in Belgium, the Brussels Exhibition Park (114.000 m² hall area) is the largest. 

In NL this is Jaarbeurs (100.000 m²). 
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For harbour buildings (port authorities, waiting hall ferry’s etc.) , in as much as they are 
not already considered under the heading ‘wholesale’, it is difficult to make an accurate 
estimate. A figure of 3 million m³ is given.  

 
Figure D.2. Selected EU transportation characteristics (source: CIA World Factbook 2009) 

Statistics on post offices are extremely volatile, given the trends of privatisation, internet 
and mix of mail services with other activities (banking, shops). A very rough estimate is 
that typical mail activities of larger mail-offices can be partitioned to around 20 million 
m³ gross floor area in the EU. 111 

Computer and telephone data centres (a.k.a. ‘server farms’) accounted for 61.4 TWh of 
electricity consumption in the US in 2006.112 At the same time, the energy use in the EU-
27 was lagging some 20% behind113, but it is assumed that today the EU-27 will have 
the same 10-11 million servers installed as the US and will also be spending some 60 
TWh/a on data centres. Of this, 22% (13.2 TWh/a) is attributed to air-conditioning and 
ventilation. In principle, this type of air-conditioning and cooling is outside the scope of 
this study, because it concerns process-cooling and not comfort cooling (no people). But 
the figure is important enough to mention here, because it can explain 1-2% of total 
HVAC stock of chillers or AHU’s. At an ICT heat dissipation of 1 kW/m² floor area, 45 
TWh/a ICT electricity use, 8.000 h operation, a ceiling height of 3.5 m, the data centres 
represent around 6 million m² of gross floor area and 20 million m³, but the cooling 
performance is of course much higher than for comfort cooling.  

                                           
111 Basis of estimate: NL still has 250 ‘larger’ main-offices. EU=30xNL. At 1000 m²/building for specific mail-

linked activities this gives 7.5 mln. m² (20 mln. m³). Note that NL has around 1.850 mail-offices mixed with 
shops (headcount is under ‘retail’).  

112 Report to Congress on Server and Data Center Energy Efficiency Public Law 109-431 U.S. Environmental 
Protection Agency ENERGY STAR Program, August 2, 2007. 

113 ECN, Data hotels, report 2008 with data 2007 on the Netherlands (average EU internet density): 1.6 TWh. 
EU=30xNl  48 TWh. Of this 22% went into HVAC  
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Note that the ventilation of tunnels and parking garages114, as well as the ventilation and 
conditioning of motor vehicles, trains, ships and aircraft can constitute considerable 
energy consumption. 

Financial institutions (2007) 

Belga (2007) reports an average density of 1 EU bank branch office per 2.230 
inhabitants. At 500 million inhabitants this means 220.000 bank branch offices in the EU. 
At an estimated average of 200 m² (800 m³) per office (including ATM area, including 
head-office) this comes down to a heated volume of 180 million m³. 

Health care (2010) 

Ventilation is set high, not only due to the actual heated floor area, but also influenced by 
certain specific activities like laboratories, operating theatre and treatment areas that 
require up >10 times the usual ventilation fold.  

In the EU-28 (2010) there are 2.7 million hospital beds.115 There are 3.4 doctors per 
1000 inhabitants—> 1.7 million doctors in EU116. In Germany there is 1.1 million staff (all 
types) for 0.67 hospital beds117.  

 A sample of 15 hospitals in Germany 2008 shows: 300 m²/bed and 85-100 MWh 
energy/bed for university clinics, 50-150 m² and 40 MWh per bed for other hospitals; 
30% is electricity 105kWh/m²; 70% heating 250 kWh/m²; best <150 kWh/m².118 

Architect manual Germany: 43 m² Net floor area (NF) per hospital bed. [others: 15 m² 
NF/car parking garage, 29 m² NF/worker offices, 181 m² NF/firetruck in firefighting-
station). Hospital conversion: NF*1.72=NGF (net floor area)—> 74 m²/bed. 
BGF=74/0.86= 86 m².119 The NGF, i.e. the heated floor area is around 1.7 *NF.  

Education (2006-2015) 

In the EU there are approximately 550 larger universities with an average 170.000 m² 
gross floor area and 774.000 m³ volume officially named universities120. The rest are 

                                           
114 The EU-27 has 5860 km of tunnels (CIA World Factbook data 1.1. 2009), including railroad (ca. 23%), 

subway(28%), road tunnels (49% of safety regulated km capacity). Regulated tunnels (>300 m) are on 
average ca. 1.2 km/tunnel long and account for ¾ of the total km. This means around 3660 tunnels with 
sufficient ventilation capacity to evacuate toxic fumes. Typical fan-values found are 2 supply fans (90 m³/s) 
and 2 exhaust fans (70 m³/s) per tunnel, amounting to a total of capacity of 320 m³/s or 1.15 mln. m³/h per 
tunnel. No data on part load operation are available.  

115 Eurostat Yearbook 2009. 
116 OECD Health Data 2012 
117 20 Jahre Krankenhausstatistik, Statistisches Bundesamt, Feb. 2012 
118 Diez, K.. Benchmarking im Krankenhaus 
119 Teubner Verlag: Baumanagement und Bauökonomie (Ch. 4.6 Bemessung von Gebäuden): 
120 The Finance Minister of Baden-Württemberg (Drucksache 12 / 4784, 20. 01. 2000, Stromsparen in 

Landesgebäuden durch Modernisierung der Lüftungsanlagen …) mentions 1.9 mln. m² for 1060 university 
buildings and 0.7 mln. m² for 340 university hospital buildings. Of this total of 2.6 mln. m² it is estimated 
that 910 000 m² (35%) has an air-conditioning or ventilation provision ( Raum Luft Technische RLT Anlage). 
This is equivalent to around 530 buildings with an estimated 4 ‘RLT-Anlagen’ per building. Overall electricity 
consumption was estimated at 38 GWh (taken as 0.53 x 72 GWh). In total around 15% of these 
installations were renovated in the last 5 years. The German district (‘Land’) Baden-Württemberg has 11 
universities, so on average this is 172 000 m² per university. District inhabitants total ca. 10.8 mln., which 
is ca. 2% of EU-27. Other anecdotal evidence: Rotterdam Erasmus university 180 000 m² (20.000 students 
of law, economics, medicine). Gent university real estate 771 buildings and 750 000 m² total. Leiden 
University has 70 buildings with 222 000 m² floor area. Extreme cases are universities specialized in law, 
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institutes of Higher Education or comparable institutes (including around 250 small 
universities), assumed to have a gross floor area of around 20.000 m² and 90.000 m³ 
volume.  

The number of students in 2015 are only slightly higher than in 2006. In the EU-28 
(2015) there were 105.1 million pupils/students enrolled in schools and universities. The 
number of teachers and academic staff amounts to 8.7 million. The table below gives an 
overview according to the new (2011) ISCED levels and Eurostat. 121 EU-figures on non-
academic/non-teaching staff employed in education are not available, but information 
from some countries like France122 indicate that this would add some 22% (1.9 million) 
to the total employees.  

Table. Number of pupils/students (full-time equivalent) and teachers (number), EU28 2015  
(compiled from source: Eurostat, educ_uoe_enra01 and educ_uoe_perp01 , extract Oct. 2018) 

    Numbers  Surface   Volume  

    pupils/students teachers/staff     

ISCED 2011 level  (m², m³ per pupil/student) fte x 1000 # x 1000 mln. m² mln. m³ 

ED0 Early childhood education (3.5 m², 11.2 m³)            16 201              1 420            57                 181     

ED1 Primary education (4 m², 14.4 m³)            28 628              2 165          115                 412     

ED2 Lower secondary education (7.5 m², 27 m³)            20 319              1 939          152                 549     

ED3 Upper secondary education (7.5 m², 27 m³)            20 624              1 617          155                 557     

ED4 Post-secondary non-tertiary (9 m², 37.8 m³)              1 410                 133            13                   53     

ED5 Short-cycle tertiary education (9 m², 37.8 m³)              1 218                   72            11                   46     

ED6 Bachelor level (9 m², 40.5 m³)            11 133     

    1 376    

     100                 451     

ED7 Master level (9 m², 40.5 m³)              4 924            44                 199     

ED8 Doctor's (Ph.D.) level (9 m², 40.5 m³)                 626              6                   25     

TOTAL         105 083             8 722          652              2 474     

 

Minimum gross floor area building standards per pupil/student (derived from NL and 
checked against anecdotal evidence from other EU countries) prescribe 3.5-4 m² for 
primary schools, 7-8 m² for secondary schools and on average 9 m² for university. For 
ISCED levels ED4 to ED8, the ratio depends highly on the direction, e.g. as low as 5 m² 
per law-student and up to 40 m² per engineering student. 

On the other hand, anecdotal evidence suggests that the floor area per pupil may also be 
as high as 17-20 m² for primary schools123 and 40 m² for tertiary (technical) education. 
For lack of better information, the mid-value between the minimum and those maximum 
values is assumed: 8 m² for (pre-) primary school, 13 m² for secondary school and 30 
m² for tertiary education.  

Average floor height is assumed to be 3.6 m.  

                                                                                                                                    
economics with much less m² per student and there are technical universities with much more than average 
m² per student. E.g. Delft technical university has around 450 000 m² gross floor area (12 000 students). 

121Eurostat, educ_uoe_enra01 and educ_uoe_perp01 , extract Oct. 2018 
122 http://www.education.gouv.fr/cid57111/l-education-nationale-en-chiffres.html 
123 Example Germany: model ‘Passiv’ school: 8700 m², 40 347 m³ for 400 primary school and 100-125 

kindergarten, 50 staff. Heat recovery ventilation at a rate of 21 700 m³/h. 
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Apart from the institutions mentioned in section M, Ministry of Education has extra costs 
for subjects dealing with research and culture, e.g. 

 national research laboratories (3.6 million m² floor area, but at high ventilation fold 
estimated at 50 million m³/h at 18 °C), mainly classified under section K (code 73). 

 core central ministry, classified under NACE section O (code 75), accounting for 4 
million m²  

 national museums, classified under NACE section O (code 92.520)  
 university clinics, classified under ‘Health care’, NACE section N (code 85.111)  

Justice (2006) 

Courts of justice are the working place of around 50-60.000 judges and 120-150.000 
other staff124. Gross floor area can be derived directly from central government statistics 
and will be around 15 million m², which results in around 60 million m³. 125  

The EU-27 has around 0.6 million prisoners126 and 0.28 million direct prison personnel.127 
Gross floor area per EU prisoner is around 70 m² for smaller prisons (<500 inmates) 128, 
56 m² for medium sized prisons (500-1000 inmates) and 36 m² for large prisons 
(>1000)129. At 56 m² per inmate the prison floor area is 33.6 million m² and at a floor 
height of 4 m the total volume is 135 million m³. 

Other personnel on the Justice department budgets involves general management (100 
000 staff130), immigration service (100 000 staff), state bailiffs service (25 000 staff), 
national forensics labs131 (20 000 staff, 9 million m³), ICT and other support (15 000). 132 
The ventilation need is estimated at around 30 million m³. 

Eurostat reports that in 2006 the EU-27 police-force consists of 1.7 million police 
officers133. From national statistics it is estimated that the police force is supported by 
around 1 million technical and administrative staff and trainees.134 In most countries 
police efforts are split between justice and defence department, but for the sake of clarity 
the 0.25-0.3 million paramilitary forces working as border police, coast guard and 
customs guards are classified as ‘police’ and have to be added to the 1.7 million staff 
reported by Eurostat. Statistics on heated gross floor area of buildings are scarce, but 

                                           
124 NL: 800 public defenders in NL (source: Chairman of the NL ‘College van procureurs-generaal’, Harm 

Brouwer, 22.11.2009, programme Buitenhof). EU=NLx30 24 000. Note that in some countries the 
denominations ‘judge’ and ‘public defender’ may be used differently. 

125 RGD Jaarverslag 2009: Courts of Justice NL 2009: 535.551 m² for ca. 4000 staff (ibid. 10) . In 2000 there 
were around 1700 judges in the Netherlands.  

126 Eurostat 2009, crim_prsn 
127 CBS, Netherlands: 17 600 prisoners (2005), 9 447 direct prison personnel (on a total of 17 558 full time 

personnel for all types of penitentiary institutions). 
128 Typical for NL: RGD Jaarverslag mentions 1 265 460 m² for penitentiary institutions 
129 Nawal Al-Hosany, Energy Management and Façade Design in Prison Buildings in Hot Climates: The Case Of 

Abu Dhabi, Research Paper, 2000.  
130 RGD: Core departments 625 206 m² for 13 departments  ca. 50 000 m² per department. 
131 NFI, the Dutch Forensics Lab, employs 350 staff (+200 at central level), 28 000 m², volume ca. 100 000 

m³, but very high ventilation need at 300 000 m³/h (3 m³/h).  
132 NL: Immigration 3392, bailiffs (‘deurwaarders’) 880, forensics 580, ICT and Justice 389.  
133 Eurostat 2009, crim_plce 
134 Ministry of the Interior NL, Kerngegevens personeel Overheid en Onderwijs 2008, The Hague 2009. Police 

officers 35 972 (equals Eurostat data), support staff 20 042, trainees 6 232. Total 62 246 police staff. 
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from anecdotal evidence a figure of 10 m² per person is estimated.135 At around 3 million 
personnel this brings the total heated floor area to approximately 30 million m² and a 
volume of around 110 million m³. An archetype police station (small city) has around 
800-1000 m² heated floor area. Building sizes ranges from <100 m² (small village) to 
>25.000 m² (regional head office or larger city). 

 
Figure D.3. EU Police, numbers and building volume (source: VHK) 

 

Defence 

The EU Defence departments employ around 2.1 million active military staff 136 (2004), 
with around 15% (300.000) civilian support staff. The number of reservists varies widely 
per country, but they are not estimated to take up heated floor area (training facilities 
partitioned to active military staff). Para-military forces are not included under this 
heading but included under the heading ‘police’. Total headcount of employees under the 
heading ‘Defence’ is thus estimated at 2.4 million For the heated gross floor area only 
anecdotal were found, but is estimated at around 15 m² per person.137 This results in 40 
million m² floor area and an estimated 140 million m³ of heated volume. 138  

 

                                           
135 Netherlands has 15% state police (military police (6800 staff), national police force KLPD (5000 staff) ) and 

85% regional police. State police (RGD 2009) takes up 85.959 m² (ca. 5400 officers). 
136 Active military staff: Wikipedia.nl. Ratio civilians/military taken from ibid. 11. 
137 Netherlands (53.150 military) occupies 47 army bases (Wikipedia). Gross floor area of buildings is around 

25.000-40.000 m². Part of this will be unheated. Estimated is 15.000 m² of heated floor area for around 
1000 personnel. 

138 Netherlands (professional army only): 67.000 personnel, 85.496 m² gross floor area. In countries with 
drafted personnel specific floor area is believed to be factor 2 higher. 
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Figure D.4. EU Military, numbers and building volume (source: VHK) 

 

Home office and municipalities 

The core department of the Home Office (a.k.a. ‘Ministry of Internal Affairs) is estimated 
to account for around 4 million m² (16 million m³). But more importantly, the Home 
Office in many countries has the prime responsibility for the regional and local 
government, i.e. the ‘municipalities’.  

In the EU around 6 million civil servants are working at regional and municipal level. 
Apart from the regulatory and policy activities, these jobs include municipal personnel for 
waste collection, public transport (often privatized), museums, libraries, archives, 
municipal health services (e.g. ambulances etc.), secretarial services and administration.  

At an average of 20 m² per employee (80 m³/employee) this results in an extra 480 
million m³, bringing the total to 500 million m³. Below the fire & rescue services are 
highlighted. 

Fire & rescue services are mentioned as a separate NACE group, but statistics on the EU-
27 fire & rescue services are relatively poor. The EU-27 has probably around a few 
million registered fire fighters, but only around 130-150 000 of those are professionals. 
The others are pure volunteers and on ‘Retained Duty Service’ (“on-call”). Numbers and 
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organizations differ between countries, based on national customs and geography.139 The 
buildings of the fire brigades are mainly unheated garages and do not contribute to the 
heated gross floor area. The estimate in the table is based primarily on a number of 
150.000 professional firemen and a heated gross floor area of 20 m²/employee. This 
gives 3 million m² heated floor area and –at a floor height of 4.5 m, around 13.5 million 
m³ of heated volume. Taking into account the heating of training and meeting facilities of 
the voluntary brigades this latter figure is rounded to 20 million m³.  

Other public buildings (2008) 

The Finance department involves around 1 million tax office & customs staff and 100-
200.000 central staff. Total gross floor area is estimated at 30 million m², resulting in 
110 million m³.  

The ministry of Transport, co-ordinates building and maintenance of highways, bridges, 
waterways, etc. usually by hiring 3rd parties, but also by state agencies.  

Foreign Affairs runs embassies and consulates (24 million m³ extra). The Ministry of 
Social Affairs has extra personnel in the form of around 600 000 staff for the Social 
Service140 ( 35 million m³ extra) 

International organizations are estimated to employ around 0.1 million people. Given the 
need for meeting space, the average floor area per employee is estimated at 44 m². At a 
floor height of 4 m this results in about 18 million m³. 

On top of the above, each department occupies around 4 million m² (16 million m³). For 
e.g. the PM office this is the only item on the balance. 

Political and religious organisations  

Both national and Eurostat statistics on organisations in social, communication, 
entertainment and sports activities are notoriously unreliable: Definitions are not well 
defined, several activities are mixed between private and public and a great number of 
organizations are working with volunteers and overall the registration practice is poor. 
Nevertheless, VHK has pulled together the best available statistics and additional 
information in order to give an estimate of building stock and volume.  

Even though the statistics offices register only a limited number of 11.000 ‘religious 
congregations’, the church statistics show that there are around 150-200.000 
ecclesiastical buildings (churches)141. There are no exact data on size, but it is estimated 
that an average church will have a volume of at least around 20.000 m³ (e.g. 35 x 70 x 8 
m). Their total volume will be at least some 4000 million m³. Even if they are heated to a 
temperature well below 18 °C and only at times of mass, weddings, etc., it is estimated 
that the hourly air change amounts to 1.000 million m³/h during the time that the 

                                           
139 A country like Austria boosts as much as 312 897 registered firemen, but out of the 4 894 fire brigades only 

6 are professional, 333 are private company fire brigades and as much as 4 555 voluntary brigades. On the 
other side of the spectrum the Netherlands reports 500 fire brigades and 27 000 firemen, of which as much 
as 4500 are professionals and 22 500 are volunteers. In Germany, the Feuerwehr is organized in 33 000 
locations with around 1.3 million firemen. The UK and Belgium organize their Fire & Rescue Services at 
regional level. E.g. Wales reports 151 Fire and Rescue stations and 1978 firemen, of which most volunteers. 
The Flanders (BE) professional association reports 12 000 members, of which 25% professionals and 75% 
volunteers. 

140 Kerngegevens: Zelfstandig Bestuursorgaan for Dutch Ministry of Social Affairs: 19.899 staff 
(2008) 

141 NL: around 2500 catholic churches, 450 mosques, 3-4000 protestant churches.  
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heating is on. To this the heating of convents must be added. In total the ventilation 
losses will amount to around 1% of the EU-27 total. 

Sports facilities 

The number of indoor swimming pools is 1 per 50.000 inhabitants in Western Europe, 1 
per 300 000 inhabitants in Eastern Europe. Overall in the EU-27 this means around 5.000 
indoor swimming pools, with a surface of at least 12 250 m³ (25 x 35 x 10 m), up to 37 
500 m³ (50 x 50 x 15). At an average 20 000 m³ per pool this means 100 million m³. 
But the average temperature is high, as is the ventilation effort.  

The EU has at least 500 larger indoor sports arenas with an average capacity of 9 000 
seats. (15.000 m³ x 20 m= 300.000 m³). Indoor speed-skating halls (400 m tracks) are 
small in numbers but large in volume: There are an estimated 20 in the EU. At around 
0.25 million m³ per hall this results in 5 million m³. In total the volume of the larger 
indoor sports arena’s is estimated at 155 million m³. 

Finally, it is estimated that around 150 000 public (municipal) indoor sports courts (at 30 
x 15 x 8m= 3 600 m³ per court) outside of the ones in schools. This results in a heated 
volume of 540 million m³. 142 

 

  

                                           
142 Example Ahoy (tennis): 30.000 m² x 20 = 600.000 m³ x 30  18 mln. m³.  
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EnEV Energy Benchmarks 

Table . EnEV 2007 average values and EnEV 2009 reference values 
Ziffer 
nach 
BWZK 

  Gebaude- 
grosse 
(Netto- 

grundfla- 
che) 

 
[m²] 

Mittelwerte 
= Vergleichswerte nach EnEV 

2007 

Vergleichswerte nach EnEV 2009 

Gebaudekategorie Heizung und 
Warmwasser 

Strom Heizung und 
Warmwasser 

Strom 
  

[kWh/(m²NGF' a)] [kWh/(m²NGF 'a)] 

1 2 3 4 5 6 7 
1100 Parlamentsgebaude beliebig 100 55 70 40 
1200 Gerichtsgebaude ≤ 3.500 125 25 90 20 

> 3.500 100 35 70 25 
1300 Verwaltungsgebaude, normale techn. Ausstattung ≤ 3.500 115 30 80 20 

> 3.500 120 45 85 30 
1311 Ministerien beliebig 100 45 70 30 
1320 Verwaltungsgebaude, hoherer techn. Ausstattung beliebig 120 60 85 40 
1340 Polizeidienstgebaude beliebig 125 40 90 30 
1350 Rechenzentren beliebig 125 220 90 155 
2100 Horsaalgebaude beliebig 115 55 90 40 
2200 Institutsgebaude fur Lehre und Forschung beliebig 150 95 105 65 
2210 Institutsgebaude I 10 ≤ 3.500 125 35 90 25 

> 3.500 120 50 85 35 
2220 Institutsgebaude II 10 beliebig 160 75 110 55 
2230 Institutsgebaude III 10 beliebig 135 95 95 65 
2240 Institutsgebaude IV 10 beliebig 195 110 135 75 
2250 Institutsgebaude V 10 beliebig 200 135 140 95 
2300 Institutsgebaude fur Forschung und Untersuchung beliebig 190 90 135 65 

2400 Fachhochschulen beliebig 115 40 80 30 
3000 Gebaude des Gesund- heitswesens 

(ohne BWZK Nr. 3200) 
beliebig 190 70 135 50 

3200 Krankenhauser und Uni- kliniken fur Akutkranke beliebig 360 180 250 125 

4100 Allgemeinbildende Schulen ≤ 3.500 150 15 105 10 
> 3.500 125 15 90 10 

4200 Berufsbildende Schulen beliebig 115 25 80 20 
4300 Sonderschulen beliebig 150 20 105 15 
4400 Kindertagesstatten beliebig 160 25 110 20 
4500 Weiterbildungseinrichtungen beliebig 130 30 90 20 
1311 Ministerien beliebig 100 45 70 30 
1320 Verwaltungsgebaude, hoherer techn. Ausstattung beliebig 120 60 85 40 
1340 Polizeidienstgebaude beliebig 125 40 90 30 
1350 Rechenzentren beliebig 125 220 90 155 
2100 Horsaalgebaude beliebig 115 55 90 40 
2200 Institutsgebaude fur Lehre und Forschung beliebig 150 95 105 65 
2210 Institutsgebaude I 10 ≤ 3.500 125 35 90 25 

> 3.500 120 50 85 35 
2220 Institutsgebaude II 10 beliebig 160 75 110 55 
2230 Institutsgebaude III 10 beliebig 135 95 95 65 
2240 Institutsgebaude IV 10 beliebig 195 110 135 75 
2250 Institutsgebaude V 10 beliebig 200 135 140 95 
2300 Institutsgebaude fur Forschung und Untersuchung beliebig 190 90 135 65 

2400 Fachhochschulen beliebig 115 40 80 30 
3000 Gebaude des Gesund- heitswesens 

(ohne BWZK Nr. 3200) 
beliebig 190 70 135 50 

3200 Krankenhauser und Uni- kliniken fur Akutkranke beliebig 360 180 250 125 
4100 Allgemeinbildende Schulen ≤ 3.500 150 15 105 10 

> 3.500 125 15 90 10 
4200 Berufsbildende Schulen beliebig 115 25 80 20 
4300 Sonderschulen beliebig 150 20 105 15 
4400 Kindertagesstatten beliebig 160 25 110 20 
4500 Weiterbildungseinrichtun- gen beliebig 130 30 90 20 
5000 Sportbauten (ohne BWZK Nr. 5100, 5200 und 5300) und 

Sondersportanlagen (Kegelbahnen, Schiess-anlagen, 
Reithallen, Eissporthallen, Tennishallen) 

beliebig 170 40 120 30 

5100 Hallen (ohne Schwimm- hallen) beliebig 155 35 110 25 
5200 Schwimmhallen beliebig 775 220 425 155 
5300 Gebaude fur Sportplatz- und Freibadeanlagen 

(Umkleidegebaude, Tri- bunengebaude, Sporthei- me, 
Platzwartgebaude, Sportbetriebsgebaude) 

beliebig 195 40 135 30 

6300 bis 
6600 

Gemeinschaftsunterkunfte, Betreuungs-einrichtungen, 
Verpflegungseinrichtungen, Beherbergungsstatten 

beliebig 150 30 105 20 

7000 Gebaude fur Produktion, Werkstatten, Lagergebau- de ≤ 3.500 160 30 110 20 
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(ohne BWZK Nr. 7700) > 3.500 160 90 110 65 
7700 Gebaude fur offentliche 

Bereitschaftsdienste 
beliebig 145 25 100 20 

8000 Bauwerke fur technische 
Zwecke 

beliebig 155 60 110 40 

9100 Gebaude fur kulturelle und musische Zwecke (ohne BWZK 
Nr. 9120 bis 9150) 

beliebig 90 30 65 20 

9120 Ausstellungsgebaude beliebig 110 60 75 40 
9130 Bibliotheksgebaude beliebig 80 55 55 40 
9140 Veranstaltungsgebaude beliebig 155 60 110 40 
9150 Gemeinschaftshauser beliebig 195 45 135 30 
9600 Justizvollzugsanstalten beliebig 260 60 180 40 

 

Lfd. 
Nr 

Nutzungsgruppe Nutzung Mittelwerte 
= Vergleichswerte nach EnEV 

2007 

Vergleichswerte nach EnEV 
2009 

Heizung und 
Warmwasser 

Strom Heizung und 
Warmwasser 

Strom 

[kWh/(m²NGF 'a)] [kWh/(m²NGF' a)] 
1 2 3 4 5 6 7 

1.1 Hotel, 
Beherbergung 

Hotels ohne Stern, 
Pensionen, Gasthauser, Hotels garni 

215 70 150 50 

1.2   Hotels mit 1 und 2 Sternen 120 75 85 55 
1.3 Hotels mit 3 Sterne 135 85 95 60 
1.4 Hotels mit 4 und 5 Sternen 150 95 105 65 
1.5 Jugendherberge, Gastehauser, Ferien-, Schul- land-, 

Vereinsheime 
125 25 90 20 

2.1 Gaststatten Ausschankwirtschaft 340 100 240 70 
2.2 Speisegaststatte/Restaurant 290 135 205 95 
2.3 Kantinen/Mensen 170 105 120 75 
3.1 Veranstaltungs- 

gebaude 
Kino 80 115 55 80 

3.2 Opernhauser, Theatergebaude 155 60 110 40 
3.3 Saalbauten, Stadthallen 155 60 110 40 
3.4 Freizeitzentren, Jugendhauser, Gemeindehauser 150 30 105 20 
4 Laborgebaude   Ermittlung der Vergleichswerte: 

Mittelwerte nach Nr. 7.4 
Ermittlung der Vergleichs- 

werte: 85% des Mittelwertes 
nach Nr. 7.4 

5.1 Sportanlagen Sporthallen 170 50 120 35 
5.2 Mehrzweckhallen 345 55 240 40 
5.3 Schwimmhallen, Hallenbader 550 150 385 105 
5.4 Sportheim (Vereinsheim) 115 25 80 20 
5.5 Fitnessstudios 140 170 100 120 
6.1 Handel/ 

Dienstleistung 
Handel Non-Food, sonstige personliche Dienstleis- 
tungen bis 300 m² 

195 65 135 45 

6.2 Handel Non-Food über 300 m² 105 85 75 60 
6.3 Handel Food bis 300 m² 180 105 125 75 
6.4 Handel Food über 300 m² sowie Metzgerei mit 

Produktion 
135 375 95 265 

6.5 Kaufhauser, Warenhauser, Einkaufszentren 
(Food und Non-Food) 

100 120 70 85 

6.6 Geschlossene Lagerhauser, Speditionen 45 50 30 35 
6.7 Kosmetik/Friseur 220 90 155 65 
7.1 Gesundheits- 

wesen 
Krankenhauser bis 250 Betten 205 120 145 84 

7.2 Krankenhauser von 251 bis 1000 Betten 250 115 175 80 
7.3 Krankenhauser mit fiber 1000 Betten 285 115 200 80 
7.4 Freiberufliches Gesundheitswesen, Praxen 285 50 200 35 
8.1 Verkehrs- 

infrastruktur 
Flughafen, Terminal 190 290 135 205 

8.2 Flughafen, Frachthallen 170 100 120 70 
8.3 Flughafen, Wartung/Hangar 385 90 270 65 
8.4 Flughafen, Werkstatten 220 210 155 150 
8.5   Bahnhof (inkl. Vermarktungsbereich) < 5000 m² 170 45 120 30 
8.6 Bahnhof (inkl. Vermark tungsbereich) ≥ 5000 m² 165 140 115 100 
9.1 Burogebaude Burogebaude, nur beheizt 150 50 105 35 
9.2 Burogebaude, temperiert und beluftet 160 120 110 85 

9.3 Burogebaude mit Vollklimaanlage, Konditionie- rung 
unabhangig von der Aussentemperatur 

190 150 135 105 
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ANNEX II: DETAILS WATER USE 

Table 1. Original values (before partitioning between end-uses) 

co
u
n
tr

y 

EUREAU VHK to
ile

t 

sh
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h
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h
en
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u
n
d
ry

 

d
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h
es

 

ca
r/

g
ar

d
en

/ 
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n
/p

o
o
l 

R
E
F
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  L/cap/d L/cap/d L L L L L L L L   

AT 138 135 34 25 4 36 14 3 19 1 

BE 95 95 21 24 11 16   23 2 

BG   100                 3 

CH 140 142 41 36 16 22 17 3 7 4 

CY 148 148                 5 

CZ 83 120                 6 

DE 120 110 33 44 5 15 7 7 7 

DK 105 106                 8 

EE   90                 9 

EL 185 190                 10 

ES 133 119                 11 

FI 148 148                 12 

FR 150 143                 13 

HU 93 95                 14 

HR   114                 15 

IE   104                 16 

IT   157 49 46 11 5 17 11 17 17 

LU   170                 18 

LT  66          

LV  84          

MT 78 78                 19 

NL 123 119 35 49 2 5 7 15 6   20 

NO 198 183                 21 

PL 93 147 40 50 5   12 40 22 

PT 185 152                 23 

RO 135 135                 24 

SE 183 153 38 55 10 20 20 10 25 

SI 105 114                 26 

SK 58 77.3                 27 

UK   142 31 36 11 10 9 13 7 25 28 
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Energy Saving Trust, At Home with Water, 2013. assumptions 

 

Shower 
13 litres/min power shower, 8 litres/min mixer shower, 5 litres/min electric shower 
Bath 
80 litres per full bath 
Toilet 
5 flushes/day/occupant; dual-flush 5 litres/flush, post-2001 5 litres/flush, 1980- 
2001 7.5 litres/flush, 1940-1980 9 litres per flush, pre-1940 12 litres per flush 
Washing Machine 
50 litres/cycle  
Dishwasher 
pre-2000 25 litres/cycle, post-2000 14 litres/cycle, Eco setting 10 litres/cycle 
Hand Washing 
8 litres per bowl wash, 30 litres per running tap wash 
Car Washing 
250 litres per hose use, 30 litres per bucket use 
Water temperatures (degrees Celsius):  
Mains 13.4, Shower 41.0, Basin hot 55.0, Kitchen sink hot 55.0, Bath 44.0  
Water Heating Efficiencies  
Gas (0.185 kgCO2/kWh): 65% (A-rated 73%), solid fuel (0.296 kgCO2/kWh) 50%,  
electricity (0.517 kgCO2/kWh) 100% 
 
VEWIN, Watergebruik Thuis, 2016 . assumptions and measurements 
 
Bath (volume) 120 L, child/small bath 40 L, child/large bath 60L 
Shower (flow rate, measured): water saving ('eco') shower 7.7 L/min, normal 8.6 L/min, 
comfort-shower 15.9 L/min 
Lavabo: 4 L per use 
Toilet capacity (measured, in L/flush): reservoir hanging high 7.44 L (2% in 2016), 
reservoir directly above toilet 8.17 L (68%), built-in reservoir 6.98 L (37%), unknown 
7.86 L (1%) 
Toilet dual-flush or interrupt-button (in NL 78% market penetration 2016, used on 
average 68% of flushes 51% of NL toilet flushes): 50% of above capacity  
Toilet frequency: 5.87/day (65+ elderly 7.59/day; age 18-24 4.2/day) 
Laundry hand-wash: 40 L per wash 
Laundry machine-wash: 53.9 L per wash 
Dishwash, manual without pre-rinse: 5 L per wash 
Dishwash, manual with pre-rinse: 10 L per wash 
Dishwash, machine: 13.1 L per cycle 
Dishwash, machine with manual pre-rinse: 7.5 L per cycle 
Kitchen tap (flowrate) 6.8 L/min 
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Figure 1 .Shower behaviour in Greece (left) and Poland (right), according to Yixing Shan et al. 

(2015)
143

. 

 

Non-residential water use 

Some key figures (France): 
Private pool: 20 000 – 50 000 litres/year (filling) 
School : 20 litres/pupil/d 
Holiday centres : 100 litres/cap/d 
Stadion (dressing room, showers, cleaning) : 3 000 m³/year 
Cleaning of marketplace : 5 litres/m²/market day 
Cleaning of gutters : 25 litres/metre/cleaning day 
Retirement home : 100 à 250 litres/bed/d 
Hospital. clinic : 300 litres/bed/d 
Camping : 140 à 200 litres/cap/d 
Canteen : 10 à 20 litres per day and meal prepared 
 
* Sources: Agence de l’Eau Loire Bretagne et ADEME ; average data 

 

  

                                           
143 Yixing Shan et al., Household Water Consumption: Insight from a Survey in Greece and Poland, 13th 

Computer Control for Water Industry Conference, CCWI 2015, Procedia Engineering 119 ( 2015 ) 1409 – 
1418 
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Swimming pools 

In 2010 the park of French private swimming pools surpassed the number record of 1,5 
million private swimming pools installed in the territory, 939.800 underground and 598 
200 above the ground (4,92% more than in 2009).144 

 
Figure 2.Evolution of the number of private swimming pools in Europe. Of left to right, the countries 
are: France, Spain, Germany, Italy, England, Sweden, Portugal, Hungary 

Swimming pool BCN and FAPS (Federation of Associations of manufacturers of Equipment 
and Constructors of Swimming pools, Saunas and Spas) presented the “Basic Study of 
the Sector of the Swimming pool in Spain 2011” that fixed the park of swimming pools in 
Spain in 1.100.844 swimming pools. Germany had about 0.8 million pools, Italy 0.2 
million pools. The UK (0.23 M), Sweden (0.085 M), Portugal (0.085) and Hungary (0.06) 
combined had a park of 0.4 million private pools. In total this means., given that e.g. 
countries like Greece and others are missing, that there are at least 4 million private 
swimming pools in the EU. Many of them will be filled with groundwater (afterwards to be 
treated with chemicals), but also several will use between 20 and 50 m³ of tap water for 
the pool at the start of the season. 

At a median value of 35 m³/pool the 4 million pools require 140 M m³ water. Per EU inhabitant 
(511 M) this means 270 litres/inhabitant/year or 0.8 L/cap/d. But obviously in France it is more (1.5 M 
x 35 = 52.5 Mm³  divide by 64M French  820 litres/year  2.2 L/cap/day).  

 

 

  

                                           
144 https://www.interempresas.net/Piscinas/Articulos/100248-El-mercado-frances-de-las-piscinas-

privadas.html 
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