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ABSTRACT: In Europe the Energy Performance of Building Directive (EPBD) prescribes a compulsory energy labelling 

of existing dwellings. In the Netherlands a national labelling scheme is applied since 2008. The label is based on a 

theoretical calculation of the  gas and electricity consumptions accounting for the physical characteristics of the dwelling, 

its heating, ventilation and cooling systems and standard use characteristics. In addition to the label, occupants are 

provided since 2010 with the theoretical gas and electricity consumptions. This paper reports on a large scale study 

comparing labels and theoretical energy usage with data on actual energy usage. A database of about 200.000 labels was 

coupled with data from Statistics Netherlands on actual gas and electricity consumptions provided by energy companies.  

Significant discrepancies between the actual and theoretical energy usage were found and analysed. The study showed 

that the less efficient energy labels consume much less energy than predicted by the label, but on the other hand, 

dwellings with labels A and B consume more than predicted. Finally recommendations to improve the label are made. 
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INTRODUCTION  

In Europe the Energy Performance of Building Directive 

(EPBD) prescribes a compulsory energy labelling of 

existing dwellings. In the Netherlands a national 

labelling scheme is applied since 2008. The label is 

based on a theoretical calculation of the  gas and 

electricity consumptions accounting for the physical 

characteristics of the dwelling, its heating, ventilation 

and cooling systems and standard use characteristics. The 

label reflects on the physical thermal quality of the 

building. In addition to the label, occupants are provided 

since 2010 with the theoretical gas and electricity 

consumptions in the dwelling. 

 

 These theoretical consumptions will differ from the 

actual ones because they are based on the physical 

dwelling quality and not on the dwelling use. Depending 

on the number of occupants and their life styles, large 

differences in energy consumption between similar 

dwellings may be expected. 

 

 The EPBD is a policy instrument developed to 

support higher energy efficiency in the housing stock. 

The labels are used at national and European level to set-

up policy targets and to estimate possible energy and 

CO2 savings. It is therefore of main importance that, at 

the level of the dwelling stock, the differences in 

theoretical energy use between different label categories 

are in agreement with the actual differences. But are 

they? 

 

 This paper reports on a large scale study comparing 

labels and theoretical energy usage with data on actual 

energy usage in the Dutch dwelling stock. 

 

 

EARLIER STUDIES 

In [2] en [3] we reported on a similar study on new built 

dwellings. Labelling new-built by means of a 

compulsory energy performance coefficient (EPC) is also 

part of the EPBD and started already in 1995 in the 

Netherlands. In this study we compared the theoretical 

heating energy with the actual one in a representative 

sample of 248 dwellings. The EPC-value was regularly 

strengthened from 1.4 in 1995 to 0.8 in 2006. The 

theoretical heating energy usage is calculated 

approximately the same way as for energy-labels, 

accounting for the physical characteristics of the 

dwelling, its heating, ventilation and cooling systems and 

standard use characteristics. The main results can be seen 

in Figure 1, where, next to the average energy use for 

heating, also the 95% confidence interval is given. The 

95% confidence interval indicates the bandwidth in 

which the average can be found with 95 % certainty. This 

is a necessary indicator because of the small size of the 

sample. If there is overlap between categories, the 

difference on average between both categories should be 

considered as statistically not significant. The main result 

of these study was therefore (Fig. 1) that no correlation 

could be found between lower EPC-values and lower 

actual heating energy consumption. However we 

couldn’t totally exclude that significant differences could 
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have been found if the sample would have been larger 

(smaller 95% confidence interval and therefore maybe 

less overlap between categories). 

 

 
Figure 1: Average energy consumption for heating per m2 

dwelling per EPC category. The actual energy use is based on 

year 2004/2005 and is corrected for degree days. 

 

 

 Additionally, the difference between theoretical and 

actual energy consumption between different label 

categories is remarkable. For high EPC values (dwellings 

with a low energy-efficiency) the theoretical energy use 

for heating can be almost twice the actual consumption, 

whereas both are more in accordance at low EPC values 

(dwellings with a high energy-efficiency). This could 

mean that at the level of the total dwelling stock 

calculated energy savings by strengthening the EPC 

value will not be achieved. 
 

 It was clear that more research was needed on a larger 

sample. The possibility for a large scale study was 

offered at the end of 2010 by AgentschapNL, the agency 

of the Dutch Ministry of the Interior and Kingdom 

Relations that manages the official registration of the 

energy labels. 

 

 

RESEARCH METHODS AND DATA 

The ‘energy label database’ of AgentschapNL consists of 

all dwelling labels registered in 2010 (342.194 cases). 

This database contains for each dwelling the energy 

label, the theoretical gas and electricity consumptions, 

the floor area, construction year and type of heating 

equipment for space heating. The database had to be 

linked to the ‘actual energy use’ database from CBS 

(Statistics Netherlands), the organization that is 

responsible for official national statistics. First, the 

energy label database was cleaned up (there were labels 

without addresses, double labels and labels with 

incomplete data), after which 255.273 cases remained. 

The actual energy use database contains 283.821 cases.  

To guarantee privacy and anonymity the coupling 

between both databases was made by CBS. Because CBS 

had some doubts about the quality of their  data for 

collective heating installations, those were left out of the 

final database as well as cases that were clearly 

unrealistic (like dwellings with a floor area of more than 

1000 m2, dwellings with a primary energy use of more 

than 500.000 MJ and dwellings with gas heating 

equipment but no gas consumption). The final sample 

contains therefore 198.228 cases. 

  

 Unfortunately the energy label data base does not 

contain data about the heating equipment for warm tap 

water or about the ventilation equipment or about the age 

of the equipment. The theoretical gas use in the energy 

label database excludes gas use for cooking. In the actual 

energy database gas consumption is included.  At the 

level of the dwelling stock this introduces a potential 

difference of approximately 3%. 

 

 The actual energy use from the CBS is the energy use 

reported by energy companies for the year 2009. 

However, the energy companies are obliged by law to 

record the gas and electricity meters only once per three 

year, meaning that it cannot be guaranteed that the 

‘actual’ energy use from the CBS database is really the 

actual energy use in 2009. It also may be derived and 

averaged from the period 2006-2009. It may therefore be 

that if dwellings were renovated recently, the ‘actual’ 

energy use reflects the energy use before renovation 

instead of the real actual energy use. This may concern 

the 359 dwellings that were renovated after 2006. 

 

 The actual gas consumption for 2009 was corrected 

for degree days, accounting for the degree days as 

defined in the theoretical calculation.  

 

 The theoretical electricity consumption excludes the 

electricity used by household appliances because they do 

not relate to the building itself. However, in the actual 

energy use data base, the electricity consumption 

includes all electricity used in the dwellings –therefore 

also the electricity for household appliances. In case of 

electrical heating (local electrical radiators or heat 

pumps) it is not possible to correct for degree days 

because of the aggregation of all electricity consumption 

in the dwelling. This may also introduce a small bias. 

 

 In our sample more than half the dwellings have a 

label C or D. Approximately 1% have a label A, A
+
 or 

A
++

 en 4% have a label G. Our sample is not completely 

representative for the total Dutch dwelling stock. There 

are relatively much more social houses in the sample 

(~80%) than in the total dwelling stock (~33%). This is 

because agreements were made between housing 

associations and government about labelling, while there 

is no enforcement of labelling for private owners or 

renters. 

 

Theoretical 
energy for 
heating

Actual 
energy for 
heating
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 The average actual gas and electricity consumptions 

in the sample are lower than in the total dwelling stock 

(see Figures 2), which can be partly explained by the 

smaller average size of the dwellings in the sample (93 

m
2
 in the sample and 104 m

2
 in the total dwelling stock), 

which in turn arises from  a higher share of social houses 

in the sample. It is remarkable that the theoretical 

average gas consumption is much higher than the actual 

consumption, despite that is doesn’t account for gas used 

for cooking. Opposite to this, the theoretical average 

electricity consumption is much lower than the actual 

one, which is logical because household appliances are 

excluded from the calculations. 

 

 

  
 

Figures 2: average theoretical and actual gas and electricity 

consumptions per dwelling in the sample and in the total Dutch 

dwelling stock.  

 

 

RESULTS 

The main results of the study can be found in Figures 3 

and 4. Similarity with Figure 1 is evident. In Figure 1 the 

theoretical gas consumption in each label category is 

compared with the actual gas use of the dwelling. For the 

gas consumption per square meter of dwelling, see 

Figure 4. A main result is that the label predicts well the 

trend for the actual gas usage. The better the label, the 

lower the average gas consumption. The actual reduction 

in gas usage by each label step (e.g. from G to F or from 

C to B)  is between 3 and 19 %. 

 

 However for the most energy efficient label 

categories (A, A
+
, A

++
 and B) the gas consumption is 

underestimated, as opposite to the poorer label categories 

(D to G), where it is strongly overestimated. The worse 

the label the higher the theoretical overestimation. In 

label category G the actual gas consumption is half the 

theoretical value. 

 

 
 
Figure 3: Actual and theoretical average gas consumption (m3) 

in dwellings per label category. 

 

 

 
 
Figure 4: Actual and theoretical average gas consumption (m3) 

per m2 surface area per label category. 

 

 

The error band in Figures 3 and 4 give the range of 

distribution of the gas consumption. The range is larger 

for the actual consumption than for the theoretical one 

because (among others) the actual occupancy 

characteristics (e.g. number of people in household en 

presence of people) vary more than assumed in the 

standard characteristics used for the calculations. 

Opposite to Figure 1, no 95% confidence intervals are 

given. The sample is of such a huge size that the 

confidence interval is almost zero in all cases. The 

position of the average is known with almost 100% 

certainty. 

 

Influence of the type of dwelling 

In Figure 5 the theoretical gas consumption is compared 

to the actual one per type of dwelling. The theoretical gas 

usage is higher than the actual one for all types of 

dwellings. The dwellings with the largest difference 

between actual and theoretical values are also the 

dwellings with the largest surface area. This may indicate 

that in larger dwellings the total heated area is lower than 

the floor area. The calculations assume in all cases that 

the heated area is equal to the floor area. Probably the 
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actual heated area is dependent on occupancy and life 

style. 

 

 In label categories F en G the share of local gas 

heating (stoves) is quite high (14% and 29% respectively, 

whereas it is 0% in categories A to C, 2% in D en 7% in 

E). Opposite to houses with central heating it is probable 

that in houses with local gas heating only one or two 

rooms are heated and not the complete floor area. 

However, this difference can only partly explain why the 

energy use in poor label categories is strongly 

overestimated by the calculations. 

 

Influence of the equipment for space heating 

Dwellings with local electrical space heating (electrical 

resistance or radiator and heat pumps) use substantially 

more gas than predicted by the theoretical value (see 

Figure 6). Gas consumption by space heating equipment  

 

 

 
 

Figure 5: Actual and theoretical gas consumptions in dwellings 

per dwelling type 

 

 

labelled as ‘electrical’ is not strange because it arises as a 

consequence of gas usage for hot tap water or for a gas 

peak boiler when electrical heat pumps are used 

(electrical heat pumps cannot ensure full load in the 

Netherlands and are often combined with an additional 

gas peak boiler). Additionally there is also the gas 

consumption for cooking in the actual value, but it is no 

more than 3%.  

 

 It was not possible to find out what type of equipment 

was used for hot tap water and for the back-up system for 

the heat pump because these data is not present in the 

energy label database. However, if the inspection prior to 

the labelling was well conducted, these installations were 

accounted for in the  energy calculations. Therefore, if 

the calculations predict gas use (theoretical value) there 

is a gas system in the heating equipment. 

Notwithstanding this fact, the actual gas consumption 

when space heating is achieved by an electrical heat 

pump or a local electrical heater is much higher than the 

theoretical one. 

 

 The opposite happens with the electricity 

consumption (see Figure 7).  The theoretical electricity 

usage is much lower than the actual one (on average 2.5 

times lower, independently of the label), except for heat 

pumps and local electrical heating, where the actual 

electricity consumption is much lower  than the 

theoretical one. 

 

 It appears therefore that in dwellings with electrical 

heat pumps or with electrical local heaters much more 

gas is used than predicted and much less electricity. For 

heat pumps these results may point out an systematic but 

unintentional use of the gas back-up boiler instead of the  

 

 

 
 
Figure 6: Actual and theoretical gas consumption in dwellings 

per type of space heating equipment. 
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Figure 7: Actual and theoretical electricity consumption in 

dwellings per type of space heating equipment. 

 

 

heat pump. It could also have been possible that all heat 

pumps were installed recently and that the ‘actual’ gas 

consumption is in fact the one of the old gas boiler (see 

also section ‘Research methods and data’). For so far we 

could test it, it appeared however not to be the case. 

 

As for local electrical heating it is probable that the 

heated floor area is much smaller than assumed in the 

calculations. Generally, when local heaters  are applied 

no more than one or two rooms are heated instead of the 

whole house. The very high actual gas usage with local 

electrical heating seems to point out to an inspection 

problem. In addition to the electrical heating system there 

was probably a gas boiler or a gas stove that is not taken 

into account in the calculations. This may also play a role 

for heat pumps. 

 

 

CONCLUSION AND RECOMMENDATIONS 

It appears from this research that the energy label has a 

predictive power for the actual gas consumption. 

Dwellings in a better label category use on average 

significantly less gas than dwellings with a poorer label. 

 

 An important result is that the theoretical gas 

consumption underestimates the actual one in the better 

label categories, whereas it overestimates it strongly in 

the poorer labels. In the poor label categories, where 

local heating has a substantial share of the heating 

equipment, it is probable that the heated surface area is 

strongly overestimated in the assumptions for the 

theoretical calculations. We also recommend to look at 

the values of other parameters like insulation and 

infiltration values: are the values used for the 

calculations in agreement with the actual values? The 

effect of the type of ventilation (natural or mechanical) 

and of the heating equipment for tap water on the actual 

and theoretical energy consumption should also be 

studied in more details. 

 

 It also appeared during the research that further 

investigations on the procedure leading to the ‘actual’ 

energy use as given by energy companies to CBS is 

needed. The calculation method for the standard yearly 

consumption is not very transparent and there is 

aggregation of the data on several years, which has 

consequences for the accuracy of the results in this (and 

future) research. 

 

 We demonstrated that the Dutch energy label has a 

predictive value  for the gas consumption of dwellings: 

the better the label, the lower the heating energy 

consumption. However, the question remains if it makes 

sense to indicate the theoretical gas and electricity 

consumption on the label. This may cause confusion 

instead of supporting the occupant. For the labels that 

have already been issued or that will be issued soon (and 

therefore are accompanied by the theoretical gas and 

electricity consumption) it seems important to 

communicate clearly to occupants that the consumptions 

given are standardized ones and that the actual usage is 

strongly dependent on the number of persons in the 

household, the size of the dwelling and the way it is 

used: how many rooms are heated, how often they are 

heated,  how often electrical appliances are used, how 

often and how long occupants take a shower and what 

are their temperature preferences. A low energy dwelling 

does not necessarily mean  a low energy usage. The label 

indicates the thermal quality of the dwelling but can’t 

predict what the real energy consumption will be. 

 

 However, the theoretical energy consumption from 

the energy labelling method is quite systematically used 

by housing associations and diverse institutions, 

including governmental ones, to calculate the feasibility 

of renovation measures and their pay-back times. It 

seems therefore of main importance to ensure that the 

theoretical differences in energy consumption between 

different label categories are in accordance with the 

actual differences. This however appears in our research 

not to be the case. On the basis of our findings we can 

state that the theoretical savings when renovating a 

dwelling from label G to label A will be on average 3000 

m
3
 gas, but in practice these savings will be only 1000 

m
3
, three times less. Clearly, this has serious 

consequences in the estimation of how  realistic energy 

saving aims are in dwellings and in the entire dwelling 

stock. 

 

 As a final remark we would like to stress that more 

research on the relationship between policy instruments 
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and their actual effect is needed to validate the efficiency 

of these instruments and to improve them. Simulation 

tools (as the Dutch energy labelling method) are used 

more and more often to support policy. These simulation 

tools do not always produce results that are in agreement 

with reality. This is not strange because much is still 

unknown, especially in the field of statistically valid and 

standardized dwelling use and the relationships between  

dwelling use, dwelling type and occupant characteristics. 

Research on this subject is still in tis infancy and it can 

be expected that large improvements will be achieved the 

coming years. Alternatives to simulation methods as they 

may be used in other countries- e.g. energy labels 

calculated on the basis of the actual energy consumption 

of the former occupant or based solely on insulation 

values - will not produce more accurate results. 
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