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Abstract – Implementing provisions of the EPBD all Member States require to provide EPC 
(Energy Performance Certificate) when buildings are constructed, sold or rented. 
The purpose of the certificate is to compare buildings' performance and inform the end-users. 
However, quite many mismatches and discrepancies could be found when comparing actual 
energy consumption with the once declared by the EPC. This mismatch of energy demand is 
known as Energy Performance Gap (EPG). It was analysed by different researchers on 
national levels. In the study, an overall overview of the high-performance buildings in 
Lithuania is performed and EPG is analysed using statistical indicators. Analysis has shown 
that for class A the EPG varies from −101 % to +77 %. More buildings are found to have a 
positive Energy Performance Gap. For class A+ and A++ variations are within a narrower 
interval: from +18 to 76 % and from +23 to 77 % accordingly. It confirms the findings in the 
other countries that very high-energy performance buildings tend to consume more than 
predicted. Also it is confirmed that despite differences in national certification methodologies, 
the same problem (just of different scale) exists and EPC schemes need revisions. 
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1. INTRODUCTION  

The European Union (EU) is committed to developing a sustainable, competitive, secure, 
and decarbonized energy system by 2050 [1]. On the road of decarbonisation, buildings play 
an important role, causing about 36 % of all CO2 emissions in EU [2]. Therefore, increased 
energy efficiency in the building stock is pivotal to reduce their environmental impacts. 
Special attention must be paid to the residential buildings as according to EU Buildings 
Datamapper [3], residential buildings in different countries constitute 59–89 % of the 
building stock and they are one the main energy consumers. 

Implementing provisions of the EPBD (Directive 2010/31/EU) [4], all Member States 
require to provide EPC (Energy Performance Certificate) when buildings are constructed, 
sold or rented. Therefore, EPC’s became one of the widest and foremost data sources on the 
energy performance of the European buildings [5], [6]. In addition, it is expected to reduce 
energy consumption and carbon emissions by providing market actors with information to 
make better-informed decisions [7]. However, quite many mismatches and discrepancies 
could be found [6], [8] when comparing actual energy consumption with the EPC data. This 
mismatch is known as Energy Performance Gap (EPG) [9], [10].  

Recently various studies have been published demonstrating EPG when actual energy 
consumption is compared to EPCs data. Most of them are based on statistical analysis of 
national databases, e. g., [11] has examined the EPG of 34 816 Swiss residential buildings; 
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[12] analysed almost 200 000 EPCs data for Dutch residential buildings; [13] investigated 
537 Flemish dwellings, trying to find out the accuracy of EPC prediction, when assessing the 
actual energy use in high-performance houses. All the above mentioned studies (also some 
other) came to the same conclusions that in different countries buildings with poor thermal 
performance consume much less energy than predicted based on EPC data (having a negative 
EPG) and energy efficient buildings use up more (having a positive EPG). As the result, EPG 
raise doubts in reliability of data when property owners take decisions about retrofit 
investments [14].  

Some findings stress importance of assumptions used in EPC ratings and simulation 
models, including occupancy and space heating patterns [13], [15]. Cozza et al. [14] has 
noticed that the type of heating system does not influence the EPG, so the gap is caused 
mainly by the operation of the energy using systems and appliances rather than their technical 
properties. All those end uses relate to the occupants’ presence schedules and their behaviour 
in occupied space [16]. Occupancy patterns [17] differ greatly from actual consumption 
because both EPC’s and the simulation tools do not accurately assess the dynamics of users’ 
presence in a building (passive behaviour) and the specifics of consumer behaviour in certain 
buildings or even areas [18]. These discrepancies in occupancy profiles limit the ability of 
energy models to accurately predict the actual efficiency of a building [19]. The solution to 
provide reliable information on buildings actual energy performance supposed to be 
certification based on the measured energy consumption, as it is done in some countries. 
However, even in this case, as shows study performed in Sweden, errors are not avoided, 
because of different reasons [5].  

EPC’s are being renewed in many countries so there are advanced research opportunities to 
examine energy performance development gradually and to assess the building-specific effect 
of energy policies and measures [5], [20]. It is obvious, that problem related to simplification 
of assumptions related to single, average user profile, as given in the majority of calculation 
methods, must be taken into account in renewal of the methodologies. EPC’s have also the 
potential to be improved to track indoor air quality and the life cycle related environmental 
impact of the building components, thus filling the social and environmental gaps [21].  

The goal of the paper is to analyse statistically the scale of the Energy Performance Gap in 
Lithuanian energy efficient buildings. Analysis consists of 3 stages:  

1. Theoretical analysis of all energy efficient (A, A+, A++) buildings;  
2. Collection, filtering and normalisation of the actual data;  
3. Statistical analysis and comparison of the actual energy consumption vs EPC data in 

multi-family buildings.  
Because of data availability and comparability limitations, just heating energy demand and 

for buildings with district heating as energy source are analysed in this stage. 

2. METHODOLOGY 

The analysis is separated into 3 stages (theoretical data analysis, actual data analysis and 
comparison of actual vs theoretical efficiency) composed of smaller steps (Fig. 1). 
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Fig. 1. Schematic representation of the methodology of the study. 

2.1. Theoretical Data Analysis  

As the first step authors made an analysis of the overall building sector situation in 
Lithuania and an analysis of the Energy Performance Certification situation. For this purpose, 
mainly data from [22] and national EPC database SPSC [23] were used. 

The study mainly focuses on energy efficient buildings; therefore, inefficient buildings EPC 
data are excluded from the analysis. Energy efficient buildings are considered those buildings 
with the EPC rating A, A+ and A++. The last one corresponds to the national definition of 
the Nearly Zero Energy Building and implementing provisions of the EPBD is required to 
build since 2021. EPC energy consumption data are calculated based on quasi-steady-state – 
monthly method. 

Theoretical statistical analysis is limited to thermal energy demand for heating, as because 
of different certification methodologies, just this number is available for all energy efficiency 
classes. Buildings of different purposes and 3 classes are analysed using statistical indicators. 

2.2. Actual Data Analysis 

To create a reliable dataset with matched and comparable EPCs, data were collected, 
filtered and normalised. Actual data were collected from district heating companies just for 
multi-family residential buildings, because data on public and commercial buildings’ actual 
energy consumption are not publicly available and cannot be used without the permissions of 
the building’s owners. Also, because energy demand for heating in national EPC methodology 
is influenced by the type of the heating source. Therefore, just buildings with DH systems 
can be compared.  

The number of data from DH companies for the full year was gathered for more than 100 
buildings, but after the manual screening, it was noticed that some newly built buildings 
obviously were not yet fully occupied, data for some months were missing or heating energy 
consumption was not separated from consumption for DHW. Therefore, finally sample size 
decrease to 64 buildings.  

For the selected buildings energy data normalisation was performed to eliminate influence 
of the external temperatures on the consumption. Normalisation was performed on a monthly 
basis, using actual average monthly external temperatures for the analysed periods, using 
Eq. (1) [24]. 
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where 
Qa.h.n Normalized actual heating energy consumption for the analysed period, MWh;  
Qa.h  Actual heating energy consumption for the analysed period, MWh;  
θi.n Standard indoor air temperature, °C;  
zn Standard duration of the analysed period, in days;  
θe.n Average outdoor air temperature for the analysed period, °C;  
θi.a Actual indoor air temperature, which was assumed to be 0.21 °C based on previous 

research [25], as it could not be measured in such a number of buildings, °C;  
θe.a Average actual outdoor air temperature for the analysed period, °C;  
za Duration of the analysed period, in days.  

2.3. Comparison of EPC vs Actual Consumption 

This is the final stage of the analysis, when using Excel descriptive statistics, the graphical 
comparison with main statistical indicators, such as R-squared, mean, medium, minimum, 
maximum and etc. was performed.  

According to Lithuanian EPC regulation [26], buildings final energy performance is 
assessed based on the overall primary energy consumption, but there are intermediate 
indicators that must be satisfied, to receive a certain energy efficiency class. One them is the 
above analysed is final energy demand for heating. The required maximum limit of the 
heating energy consumption is calculated based on the Eqs. (2)–(4) and depends on kh – 
correction factor, which for residential buildings equals to one and A – building area, m2. 

 For class A: 0.24
max 265hQ k A−= ⋅ ⋅  (2) 

 For class A+: 0.23
max 215hQ k A−= ⋅ ⋅  (3) 

 For class A++: 0.23
max 197hQ k A−= ⋅ ⋅  (4) 

3. RESULTS  

Performed general overview of the Lithuanian building stock shows that residential buildings 
are dominant and their share is 64 % [22] (according to area). The area of residential buildings 
is growing the most and similar situation can be found also in other European countries [3]. 
Just 14 % (in terms of area) of Lithuanian residential buildings have B or higher energy 
efficiency class and they consume 67 % of thermal energy and 63 % of the primary energy 
related to the building stock.  

Overall EPC data from [23] were extracted in November of 2020 just for energy efficient 
(A, A+ and A++) buildings of all the purposes. Total amount of such buildings at that moment 
was 5950. As buildings of A label are required to be built from 2016, it is not surprising that 
they constitute the biggest share (57 %) of energy efficient buildings. A+ buildings are 
required to be built from 2018 and A++ – from 2020, accordingly their share is smaller – 
42 % and 1 %. It was also noticed, that A+ buildings were already certified as A++ before the 
requirements came into force.  
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From the Fig. 2 it is seen that of all 5950 buildings, 5381 (90 %) are residential buildings. 
This is related to the above mentioned fact that building sector is dominant in the country. 
Energy efficient buildings of the other purposes constitute just from 1 to 3 % of the area. 

 
Fig. 2. Distribution of the energy efficient buildings according to the purpose. 

Figs. 3–5 present the analysis of the predicted according to the EPC heating energy 
consumption of the buildings of different classes and purposes. For energy efficiency class A 
the biggest sample size is available. For higher classes it decreases because of the date when 
legal requirements came into force. It can be noticed from the Fig. 3 that for residential 
buildings variation of the predicted energy demand is abnormal and variates from 1 to 
108 kWh/m2, with a median of 39 kWh/m2. Median heating energy demand for A class 
buildings for different purposes variates from 15 to 41 kWh/m2.  

For the A+ buildings (Fig. 4), again, variation of predicted demand is high and very similar 
to the A buildings – from 1 to 91 kWh/m2, but the median was already just 19 kWh/m2, much 
lower compared to class A. For this class also buildings for sports, leisure and swimming 
pools, as well as storage, garages and transport buildings have high demand variation, even 
higher than for A label. Median energy consumption for this class of efficiency for different 
buildings variates from 13–35 kWh/m2, slightly less compared to class A.  

For the class A++ residential buildings (Fig. 5) variation of the energy demand for heating 
(1–29 kWh/m2), as well as median value (9 kWh/m2) are significantly lower than for the other 
classes. Also significantly different results are from the buildings of the other purposes. 
It must be noted, that small sample sizes for this class do not allow to make reliable 
conclusions, e.g. for category “Sports, leisure, swimming pools” there was any certified pool, 
therefore energy demand value for this category is very small.  

Situation, when buildings with lower energy demand have higher labels (e.g. comparing A 
and A++ buildings) can be explained by the fact, that heating energy demand is just one of 
the intermediate requirements and if building with low predicted energy demand does not 
satisfy some other requirement or overall primary energy demand it gets lower energy 
efficiency class.  

Number of buildings 
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Fig. 3. Annual heating energy demand of different type class A buildings (Sample data – 3381). 

 
Fig. 4. Annual heating energy demand of different type class A + buildings (Sample data – 2483). 

Data for actual consumption of multi-family residential buildings were collected from the 
district heating companies, further they went through manual screening and the selected ones 
were normalized according to Eq. (1) to perform a comparison with the EPC data. The results 
are analysed using different statistical indicators and presented in Figs. 6–8.  
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Fig. 5. Annual heating energy demand of different type class A ++ buildings (Sample data – 61).  

To measure a strength of the relationship between EPC predicted and actual energy 
consumption the scatterplot and regression analysis is employed (Fig. 6). The linear 
regression lines for every data group show that: for class A with the highest data set, there is 
almost no correlation between predicted and actual energy consumption for heating. 
Meanwhile for class A+ correlation is strong and opposite situation is for the class A++ – week. 
For the class A++ number of samples is small (5), therefore this data cannot be considered as 
reliable regression data.  

 

Fig. 6. Correlation between theoretical and actual energy demand. 

Absence of correlation of the class A buildings’ energy consumption with the EPC data can 
be also explained by high percentage error, which is shown in Fig. 7. For class A the variation 
of the percentage error is from –101 % to +77 %. More buildings are found to have the 
positive EPG. For the more efficient buildings, e.g. for class A+ and A++ variations are within 
more narrow interval +18–76 % and +23–77 % accordingly.  

The fact that negative EPG is found just for class A buildings partially confirms the findings 
of [14], that very high energy efficiency buildings tend to consume more than predicted and 
less efficient – less than predicted. It can be also assumed, that some points in the Fig. 6 also 
can move from the positive EPG zone to the negative EPG zone, if actual temperature in those 
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buildings would be higher than that assumed in the study. This can be also considered as 
occupant’s influence as in all new construction residential buildings users have the possibility 
to control the temperatures.  

 

Fig. 7. Percentage error between the predicted by EPC and actual energy consumption. 

 

Fig. 8. Predicted and actual heating energy consumption. 

Comparing actual energy consumption values for analysed multi-family residential 
buildings seen (Fig. 8) for all three energy performance classes, the median (and mean) values 
of actual energy demand are as follows: A – 33 (33) kWh/m2; A+ – 34 (35) kWh/m2 and 
19 (25) kWh/m2. Interesting situation appears, that for A+ energy efficiency class buildings 
have slightly worse energy consumption compared to the lower A class. The maximum values 
in the boxes are also higher for better class. Meanwhile according to the EPC, predicted values 
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by EPC decrease proportionally to higher energy performance class. It proves that reality does 
not correspond to the theory and certification methodology needs to be improved.  

In an ideal case, all normalized actual energy demand should be smaller than predicted by 
EPC and maximum allowed. But the results for class A buildings show (Fig. 9(a)) that there 
are 10 cases, when normalized actual heating energy demand exceeds the maximum allowed 
energy consumption, also 12 cases, when normalized actual energy demand were smaller, 
than predicted by EPC. Maximum allowed heat energy demand calculated based on Eq. (2)–
Eq. (4) varies from 29 to 72 kWh/m2, while actual consumption varies dramatically from 12 
to 91 kW/m2. For class A+ (Fig. 9(b)) actual energy consumption varies in a wide interval – 
from 13 to 78 kWh/m2 and no tendencies could be seen due to small number of the analysed 
buildings. Meanwhile, maximum allowed energy demand varies from 28–45 kWh/m2. 
For A++ buildings (Fig. 9(c)), where sample size is not sufficient to make some judgements, 
the values for actual energy demand vary from 14 to 44 kWh/m2 and predicted by EPC 9–
18 kWh/m2. Common for all the classes is that in most cases EPC values are much lower than 
the maximum allowed, but in reality they are much higher or even exceeding them.  

 

Fig. 9. Energy demand comparison to the allowed maximum: a) class A; b) class A+; b) class A++. 
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4. CONCLUSION 

The study has analysed EPG high-energy performance (from class A to A++) buildings. 
Analysis of the actual energy demand for multi-storey residential buildings has shown very 
high prediction errors. For class A the EPG varies from –101 % to +77 % and more buildings 
are found to have a positive Energy Performance Gap. For class A+ and A++ variations are 
within a narrower interval: from +18 to 76 % and from +23 to 77 % accordingly.  

Median actual heating energy consumption in analysed residential buildings was found as 
follows: for class A – 33 kWh/m2; for class A+ – 34 kWh/m2 and for class A++ – 19 kWh/m2. 

Comparing actual and EPC heating energy demand, strong correlation was found just for 
class A+ buildings. Meanwhile for class A no correlation was found. 

Different scale of EPG on national level found by the other researchers cannot be directly 
compared with the results of this study, as each Member State have similar, but different EPC 
methodologies, authors compare different indicators (heating, electricity or primary energy) 
and different energy efficiency buildings. However, from the results of this study it can be 
also confirmed that energy performance of the less efficient buildings tends to have negative 
gap, as found by [14]. The negative EPG is a big problem in estimation of real savings and in 
retrofit projects, as savings are overestimated. But the positive EPG is also a problem for new 
high-performance buildings, as investors and/or owners are disappointed as they do not get 
expected results for their additional investments. It is obvious, that in Lithuania and other 
countries national methodologies need to be improved to avoid or to decrease to minimum 
the prediction errors. As it was discussed in the introduction, many studies show that realistic 
assumptions in EPC methodologies related to occupancy behaviour are required and can be 
the important reason for such gaps. As for now, in Lithuanian methodology occupancy is 
estimated in the simplest possible way – just as occupancy hours per day according to the 
building purpose. Therefore, authors’ future research is related to the integration of better 
occupancy information into the national certification methodology to decrease the EPG. 

There are two main limitations of the study:  
1.  A+ buildings officially are required to be built just from 2021, therefore the sample 

size of the buildings with that label and also with at least one-year operational data 
was very limited and cannot be considered as reliable and can reflect just general 
tendencies. Meanwhile samples for A and A+ buildings are sufficient to make some 
overall conclusions. 

2. It was not possible to perform actual internal temperature measurements of such an 
amount of buildings, therefore this temperature was assumed based on previous study. 
Higher actual temperatures would decrease the EPG. 
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