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• Implementing provisions of the EPBD all Member States requires

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. In addition, it is expected to reduce energy 

consumption and carbon emissions by providing market actors with 

information to make better-informed decisions. 

• 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). 

What is energy performance gap?



 To meet the EU’s climate objectives, the building sector will need 
to achieve 60% greenhouse gas (GHG) emissions reductions by 
2030 and fully decarbonise by 2050.

 Unfortunately Europe is not on track: buildings still account for
40% of the EU’s total energy consumption and 36% of CO2
emissions.

 Today, roughly 75% of the EU building stock is energy inefficient

 Special attention must be paid to the residential buildings as
according to EU Buildings Datamapper, residential buildings in
different countries constitute 59-89 % of the building stock and
they are one the main energy consumers.

 Higher Energy Pperformance Gaps are found in non-
residential buildings.

Why EPG is so important? 



EVIDENCE OF EPG IN 

NON RESIDENTIAL BUILDINGS







Energy consumption in new offices in Lithuania

Note: Actual consumption is normalized at standard conditions



Lithuanian non-residential buildings
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EVIDENCE OF EPG IN 

RESIDENTIAL BUILDINGS



Source: EU Buildings Datamapper

Energy consumption in residential buildings (standard year)



Source: Motuziene et al. 2021

Overall situation in Lithuania in the end of 2020 



Source: Motuziene et al. 2021

Annual predicted heating energy demand of different 
type of Class A buildings (Sample data – 3381)

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. 



•

Source: Motuziene et al. 2021

Annual predicted heating energy demand of different 
type Class A + buildings (Sample data – 2483)

For residential buildings variation of predicted demand is high and very similar 

to the A buildings – from 1 to 91 kWh/m2, the median is 19 kWh/m2



Source: Motuziene et al. 2021

Annual predicted heating energy demand of different 
type of Class A ++ buildings (Sample data – 61) 

For residential buildings variation of the energy demand for heating 

(1-29 kWh/m2), median value (9 kWh/m2)



• For Class A the variation of the percentage error is from –101 % to +77 %.

• A+ and A++ variations are within more narrow interval +18-76 % and +23-77 % 
accordingly. 

Source: Motuziene et al. 2021

Correlation between theoretical and actual heating 
energy demand



What are the causes of EPG?

Factors influencing energy

consumption

Why the Gaps occure?

(1) Climate

(2) Building characteristics (type, size, 

orientation, etc.) 

(3) Occupants characteristics, except

social and economical

(4) Building energy systems and their

operation and maintainane

(5) Occupants‘ behaviour

(6) Social and economical occupants‘ 

charatectirstics

(7) Desired IDA quality.

Design stage

Construction

Operation



Source: Wu et al., 2020

What are the causes of EPG? 
(more detailed classification)



PerfoGap

project results:

Monitoring



 Measured parameters:

 CO2 (every 5 min.)

 Temperature, humidity, air velocity

 Occupancy

 VOC‘s

Monitoring process of open offices



Potential for savings

• Typical indoor comfort in winter in

the office shows that control of

temperature and ventilation is not

sufficiently controlled and not

corresponding to the demand;

• Similar situation is found in other

monitored offices proving that there

is a tendency



Model calibration 

Assessment of the saving potential through 
simulation

Optimised schedules of the heating

and ventilation systems enable to 

save at least

20 % of heating energy. 

Heating energy, kWh

Actual        Simulated     Certificate



Measured occupancies for separate weekdays

 

Occupancies provided in:

• ASHRAE 90.1 (peak 
occupancy fraction 0.9) 

• EN 16798-1 (maximum 
occupancy fraction 0.7)

Real occupancies in open 
offices are much lower than 

design values!!!

Source: Motuzienė et al. 2022



  

Source: Motuzienė et al. 2022

Occupancy density frequencies for separate 
pandemic periods

.     

The density of persons 

in offices is strongly 

overestimated and it 

has a tendency to 

decrease in the future.

In DesignBuilder

simulation software for 

open-office buildings –

0.11 persons/m2, in 

Lithuanian standard for 

Buildings energy 

performance 

assessment (STR 

2.01.02:2016) proposes 

one common value for 

all types of offices –

0.05 persons/m2



• Predict better

• Construct better

• Operate and maintain better 

• Make buildings smarter and better controlled...

What can be done? 



... and use Artificial Intelligence 



PerfoGap

project results:

Prediction 

models



• Buildings’ occupancy is one of the important factors causing 

the energy performance and sustainability gap in buildings. 

• Better occupancy prediction decreases this gap both in the 

design stage and in the use phase of the building. 

• Machine learning-based models proved to be very accurate 

and fast for occupancy prediction when buildings are exploited 

under normal conditions. 

Occupancy prediction modelling for better control of 
the energy using systems



Validation example of Extreme Learning Machine
(ELM) models
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Model validation for SA-ELM
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