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Sommario

Oggigiorno, gli edifi ci ad energia quasi zero sembrano essere 
la soluzione migliore per raggiungere i target di decarbonizza-
zione defi niti dall’Unione Europea per il settore edilizio, grazie alla 
combinazione di involucro prestazionale e tecnologie effi  cienti. 
In quest’ottica, la simulazione energetica risulta essere uno stru-
mento effi  cace per un’analisi preliminare volta a valutare scenari 
di retrofi t diff erenti. Nonostante l’alta qualità delle simulazioni, i 
consumi simulati risultano sempre diversi da quelli reali, principal-
mente a causa della presenza degli occupanti e della loro intera-
zione con i sistemi energetici, fattore che la simulazione energetica 
non riesce a tenere del tutto in considerazione. In questo articolo 
si è scelto di verifi care la diff erenza tra consumi teorici e reali su 
una villetta monofamiliare ad alta prestazione energetica situata 
nel Nord Italia. In particolare, l’analisi condotta sul caso di studio 
ha permesso di confrontare i consumi teorici risultanti dalla simu-
lazione dinamica e dalla certifi cazione energetica con i consumi 
reali derivanti dalle bollette elettriche.
Parole chiave:
ԥ Edifi ci ad energia quasi zero
ԥ Analisi cost-optimal
ԥ Comportamento dell’occupante
ԥ Simulazione energetica
ԥ Consumi teorici e reali

Abstract

Nowadays, Nearly-Zero Energy Buildings (NZEBs) seem to be the 
best solution to achieve the ambitious decarbonisation targets 
defi ned by the European Union for the building sector, thanks to 
the combination of performing envelope and effi  cient techno-
logical systems. In this framework, energy simulation proves to 
be an eff ective tool for the preliminary design phase, to evaluate 
diff erent retrofi t scenarios. Despite the high-quality performance 
of the simulations, theoretical consumptions result diff erent from 
actual ones. The main reason for this discrepancy lies in the pre-
sence of the occupants and in their interaction with the energy 
systems, a factor that the energy simulation cannot fully cap-
ture. This paper aims to verify the gap between theoretical and 
actual values in a real NZEB located in the North of Italy. Ideal con-
sumptions of this all-electric single-family house, resulting from 
energy certifi cation and dynamic simulations, were compared 
with the real ones, coming from the electricity bill.
Keywords:
ԥ Nearly-Zero Energy Building
ԥ Cost-optimal analysis
ԥ Occupant behaviour
ԥ Energy simulation
ԥ Theoretical and actual consumptions
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Introduction
Nowadays, the ambitious decarbonisation targets for the building 

sector, proposed by the European Commission, could be reached 
through the large-scale deployment of Nearly-Zero Energy Buildings 
(NZEBs). In NZEBs, the aim of reducing energy consumption and CO
emissions can be easily achieved since the planning stage, through 
the design and implementation of high-performing building envelo-
pes coupled with effi  cient Heating, Ventilation and Air-Conditioning 
(HVAC) systems and appropriate renewable technologies. These con-
cepts are the basis of the  recast of the Energy Performance of 
Building Directive (EPBD, European Commission, ), which fi rstly 
introduced the concept of NZEB and stated that retrofi t solutions 
for existing buildings need to be evaluated through a comparative 
methodology framework able to identify the cost-optimal levels of 
minimum energy performance requirements. During the planning 
phase, energy simulations are typically implemented to evaluate the 
energy performances of diff erent technological scenarios; however, 
the theoretical energy consumptions are usually diff erent from real 
ones. Two factors result to be the main cause of gap: the climate 
conditions considered in the simulation, as well as the presence of 
the occupants in the building. First, the climatic fi les used by the 
simulation software, though plausible, are slightly diff erent from real 
weather conditions. Moreover, occupant behaviour represents a key 
factor to uncertainty of building performance, due to its high impact 
on energy consumptions. For this reason, it is necessary to take into 
account not only the energy and the fi nancial perspectives, but also 
to recognize the central role of occupants. To emphasize the impor-
tance of considering occupant behaviour within the energy analysis 
of buildings, the revised EPBD (European Commission, ), amen-
ded in , introduced a new focus on indoor environmental quality 
(IEQ), stressing the need for optimizing occupants’ health, comfort 
and well-being.

In this paper, a single-family house, the so-called CORTAU House, 
located in Piedmont region, is analysed. Its requalifi cation is of inte-
rest, being an example of energy retrofi t in the Mediterranean area 
towards the NZEB targets achievement. Indeed, it is well known that 
the diff erence between NZEBs located in Northern and Southern 
European countries depends on climate conditions. On one hand, in 
Northern countries, the control of thermal loads in heating periods 
is crucial and the external climate conditions are favourable for free 
cooling. On the other hand, in Southern and Mediterranean areas, 
the goal is to minimize energy consumptions for both heating, in 
winter season, and cooling, in summer period. In many countries 
included in the Mediterranean climate area, due to the presence 
of a variety of climates (e.g. cold dry winters and hot wet summers), 
unknown in North Europe, there are extremely diff erent scenarios 
that need to be faced.

In this work, once retraced the design procedure, which imple-
mented the cost-optimal methodology to show to owners/private 
investors the most convenient retrofi t solutions to reduce both energy 
consumptions and life-cycle costs, the theoretical results coming from 
the energy dynamic simulation of CORTAU House and from the energy 
certifi cate prepared before the occupancy period are compared with 
the actual consumptions during the year  (as gathered from elec-
tricity bills). Moreover, given the key role played by occupants in the 
diff erence between theoretical and actual consumptions, a survey 
submitted to CORTAU fi nal users allowed exploring the main critica-
lities and potentialities of living and operating an NZEB.

Materials and Methods
The paper aims to compare the theoretical and actual energy 

performance of an NZEB and to identify the major causes behind 
the discrepancies of the results. To do this, the work is divided into 
two stages. The fi rst stage can be identifi ed as the pre-occupancy 
phase; in particular, this stage consists in the preliminary study of 
the building through the performance of energy simulations (using 
EnergyPlus energy dynamic software) and the analysis of the buil-
ding energy certifi cate, delivered prior to occupancy period, in order 
to obtain theoretical energy consumptions. The second stage, also 
identifi ed as post-occupancy phase, considers the interaction of 
the occupants with the building systems, by collecting and criti-
cally analysing the energy bills, to compare the real consumptions 
with the simulated ones.

Finally, considering that the occupant has become the centre 
of the concept of NZEB (European Commission, ), a survey was 
submitted to the inhabitants, to have feedback from the fi nal users, 
highlighting benefi ts and criticalities of living in such a complex and 
high-performance building.

Case study
The case study for the pre- and post-processing of occupants’ 

behaviour is CORTAU House (Figure ), an all-electric NZEB recen-
tly obtained from the retrofi t of a traditional rural building (namely 
“curmà”). The building, located in Piedmont region, in the North-West 
of Italy (climate zone E), has a  m fl oor area. Its construction star-
ted in March  and fi nished in .

Figure 1 – CORTAU House current architectural design (Barthelmes 
et al., )
Figura 1 – Attuale progetto architettonico di casa CORTAU (Barthelmes et al., 2015)

In accordance with the afore-mentioned  EPBD Recast, the buil-
ding is a representative refurbishment example, since the cost-opti-
mal methodology was implemented during the preliminary design 
phase, allowing to identify the package of retrofi t measures able to 
minimize both primary energy consumption and global cost. In the 
case of CORTAU, diff erent envelope and HVAC system confi gurations 
were evaluated on energy and fi nancial basis. Four envelope strate-
gies were considered (identifi ed with progressive numbers from  
to ), each defi ned according to specifi c regulation requirements, in 
force at national (), city (), and international levels (,) (Barthelmes 
et al., ). Similarly, four HVAC system confi gurations were identi-
fi ed (with a letter from A to D), varying in terms of energy production 
system, as well as of installed renewable energy technologies. In par-
ticular, confi gurations A and B consider the use of condensing gas 
boiler and radiant fl oor for space heating, and multi-split air conditio-
ner for space cooling. Confi gurations C and D, instead, consider the 
introduction of a water-to-water heat pump, coupled with radiant 
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logical systems. In this framework, energy simulation proves to 
be an eff ective tool for the preliminary design phase, to evaluate 
diff erent retrofi t scenarios. Despite the high-quality performance 
of the simulations, theoretical consumptions result diff erent from 
actual ones. The main reason for this discrepancy lies in the pre-
sence of the occupants and in their interaction with the energy 
systems, a factor that the energy simulation cannot fully cap-
ture. This paper aims to verify the gap between theoretical and 
actual values in a real NZEB located in the North of Italy. Ideal con-
sumptions of this all-electric single-family house, resulting from 
energy certifi cation and dynamic simulations, were compared 
with the real ones, coming from the electricity bill.
Keywords:
ԥ Nearly-Zero Energy Building
ԥ Cost-optimal analysis
ԥ Occupant behaviour
ԥ Energy simulation
ԥ Theoretical and actual consumptions

AiCARR Journal / Vol 62, n. 3, 36 - 39, 2020

Prestazione energetica ideale e reale di 
un edi! cio ad energia quasi zero

Theoretical and actual energy behaviour of a cost-
optimal based Nearly-Zero Energy Building

Ilaria Abbà1, Giulia Crespi1, Carola Lingua1, Cristina Becchio1*, Stefano Paolo Corgnati1



#62 37

Introduction
Nowadays, the ambitious decarbonisation targets for the building 

sector, proposed by the European Commission, could be reached 
through the large-scale deployment of Nearly-Zero Energy Buildings 
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emissions can be easily achieved since the planning stage, through 
the design and implementation of high-performing building envelo-
pes coupled with effi  cient Heating, Ventilation and Air-Conditioning 
(HVAC) systems and appropriate renewable technologies. These con-
cepts are the basis of the  recast of the Energy Performance of 
Building Directive (EPBD, European Commission, ), which fi rstly 
introduced the concept of NZEB and stated that retrofi t solutions 
for existing buildings need to be evaluated through a comparative 
methodology framework able to identify the cost-optimal levels of 
minimum energy performance requirements. During the planning 
phase, energy simulations are typically implemented to evaluate the 
energy performances of diff erent technological scenarios; however, 
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ones. Two factors result to be the main cause of gap: the climate 
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of buildings, the revised EPBD (European Commission, ), amen-
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located in Piedmont region, is analysed. Its requalifi cation is of inte-
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Northern countries, the control of thermal loads in heating periods 
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unknown in North Europe, there are extremely diff erent scenarios 
that need to be faced.
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mented the cost-optimal methodology to show to owners/private 
investors the most convenient retrofi t solutions to reduce both energy 
consumptions and life-cycle costs, the theoretical results coming from 
the energy dynamic simulation of CORTAU House and from the energy 
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the actual consumptions during the year  (as gathered from elec-
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diff erence between theoretical and actual consumptions, a survey 
submitted to CORTAU fi nal users allowed exploring the main critica-
lities and potentialities of living and operating an NZEB.

Materials and Methods
The paper aims to compare the theoretical and actual energy 

performance of an NZEB and to identify the major causes behind 
the discrepancies of the results. To do this, the work is divided into 
two stages. The fi rst stage can be identifi ed as the pre-occupancy 
phase; in particular, this stage consists in the preliminary study of 
the building through the performance of energy simulations (using 
EnergyPlus energy dynamic software) and the analysis of the buil-
ding energy certifi cate, delivered prior to occupancy period, in order 
to obtain theoretical energy consumptions. The second stage, also 
identifi ed as post-occupancy phase, considers the interaction of 
the occupants with the building systems, by collecting and criti-
cally analysing the energy bills, to compare the real consumptions 
with the simulated ones.

Finally, considering that the occupant has become the centre 
of the concept of NZEB (European Commission, ), a survey was 
submitted to the inhabitants, to have feedback from the fi nal users, 
highlighting benefi ts and criticalities of living in such a complex and 
high-performance building.

Case study
The case study for the pre- and post-processing of occupants’ 

behaviour is CORTAU House (Figure ), an all-electric NZEB recen-
tly obtained from the retrofi t of a traditional rural building (namely 
“curmà”). The building, located in Piedmont region, in the North-West 
of Italy (climate zone E), has a  m fl oor area. Its construction star-
ted in March  and fi nished in .

Figure 1 – CORTAU House current architectural design (Barthelmes 
et al., )
Figura 1 – Attuale progetto architettonico di casa CORTAU (Barthelmes et al., 2015)

In accordance with the afore-mentioned  EPBD Recast, the buil-
ding is a representative refurbishment example, since the cost-opti-
mal methodology was implemented during the preliminary design 
phase, allowing to identify the package of retrofi t measures able to 
minimize both primary energy consumption and global cost. In the 
case of CORTAU, diff erent envelope and HVAC system confi gurations 
were evaluated on energy and fi nancial basis. Four envelope strate-
gies were considered (identifi ed with progressive numbers from  
to ), each defi ned according to specifi c regulation requirements, in 
force at national (), city (), and international levels (,) (Barthelmes 
et al., ). Similarly, four HVAC system confi gurations were identi-
fi ed (with a letter from A to D), varying in terms of energy production 
system, as well as of installed renewable energy technologies. In par-
ticular, confi gurations A and B consider the use of condensing gas 
boiler and radiant fl oor for space heating, and multi-split air conditio-
ner for space cooling. Confi gurations C and D, instead, consider the 
introduction of a water-to-water heat pump, coupled with radiant 
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fl oors, for both space heating and cooling. Confi gurations A and C 
use natural ventilation, while confi gurations B and D assume the use 
of a controlled mechanical ventilation (CMV) system. Finally, all confi -
gurations consider the use of solar collectors for covering the dome-
stic hot water (DHW) production, and of photovoltaic (PV) panels for 
matching part of the electricity demands (even if with diff erent instal-
led peak power: . kWpeak for confi guration A, . kWpeak for confi -
guration B, and  kWpeak for C and D). The combination of envelope 
and system strategies led to the defi nition of  energy design sce-
narios (see Figure ), which were compared using the cost-optimal 
methodology. All scenarios were simulated using EnergyPlus sof-
tware, for evaluating their energy performances, while the econo-
mic assessment was done based on the global cost calculation, as 
defi ned by (EN -:).

Figure 2 – Matrix of  energy design scenarios for CORTAU 
House retrofi t (Barthelmes et al., )
Figura 2 – Matrice dei 16 scenari di retro& t per casa CORTAU (Barthelmes et al., 2014)

Based on the described methodology, the cost-optimal level for 
the refurbishment of CORTAU House is identifi ed in the scenario C. 
However, in the design phase, team designer and owners have opted 
for the confi guration D (see Figure ), which diff ers from the cost-
optimal level for the adoption of the CMV system (Barthelmes et al., 
). Moreover, thanks to the use of PV panels and water-to-water 
heat pump, the national requirements in terms of Renewable Energy 
Sources (RES) coverage were largely met, thus not asking for the need 
to install the solar collectors on the roof. CORTAU House, today fully 
occupied, presents a water-to-water heat pump with . COP and . 
EER, coupled with radiant fl oor for space cooling and heating, and 
a CMV system equipped with heat recovery. A . kWpeak PV plant is 
installed on the roof. The thermal properties of the envelope are in 
line with Turin’s regulation (. W/(mK) for external walls and ceiling, 
. W/(mK) for the slab and . W/(mK) for the windows). Starting 
from the real characteristics of CORTAU House, a model was simu-
lated with EnergyPlus, including standard occupants’ behaviour in 
terms of heating and cooling set-points ( °C and  °C, respecti-
vely), while schedules for occupancy, lighting, and equipment usage 
were set according to existing standards (Barthelmes et al., ).

Results
The following section describes the results of the analysis, aiming 

to show and discuss the gap between theoretical and real con-
sumption values. Theoretical results are assessed either with preli-
minary energy certifi cations of the building or with energy dynamic 
simulations during the design and operation phases. First, looking 
to the energy certifi cation, performed at the end of  (and thus 
during the pre-occupancy period), a primary non-renewable energy 

value of . kWh/(m·year) was obtained, which considers only the 
energy consumption for space heating, space cooling, ventilation and 
domestic hot water production (being electricity consumption for 
lighting and electric equipment excluded). In order to compare the 
value with the real consumptions in the post-occupancy phase, elec-
tricity bills were collected for the year  (total electricity from the 
grid equal to  kWh/year), while thanks to the on-going monito-
ring campaign of the PV production, the electricity locally produced 
in  was gathered (equal to  kWh/year). Moreover, by estimating 
the usage profi les of the main interior electrical equipment installed 
within the building, it was possible to isolate the real electricity con-
sumption for space heating, space cooling, ventilation and domestic 
hot water production (equal to  kWh/year). Therefore, parallelly to 
what assumed for the energy certifi cation (namely to consider the PV 
production as available for matching the climatization consumption 
only), it was possible to obtain an overall electricity consumption from 
non-renewable sources equal to . kWh/(m·year). The correspon-
dent value of primary non-renewable energy of . kWh/(m·year) 
was obtained (with a . conversion factor). As expected, this value 
is higher than the value shown in the energy certifi cation, showing a 
percentage discrepancy of % between theoretical and real value.

Similar comparison was performed, considering the ideal results 
coming from the simulation of the EnergyPlus model. The diff erences 
between model and real values, in terms of electricity consumption, 
PV production and purchased electricity from the grid, are shown 
in Figure .

Figure 3 – Comparison of electricity features between theore-
tical and real values
Figura 3 – Confronto delle grandezze elettriche teoriche e reali

Ideal results from simulations are infl uenced by standard settings 
in terms of occupancy schedules, lighting and electrical equipment 
densities and schedules of usage. For this reason, it is well known that 
energy dynamic simulations, besides being fundamental to under-
stand the energy behaviour of a building, represent ideal situations, 
far from the reality. Indeed, electricity consumptions reported in the 
energy bills, gathered from CORTAU occupants, show that the electri-
city purchased from the grid in the real situation is higher than what 
expected from simulations.

The diff erences between theoretical and real results might be 
conducted to two main causes. The fi rst one can be defi ned as exter-
nal climate, since irradiation, external temperature and humidity vary 
year by year (and thus diff ering from climatic data used for the simu-
lations), infl uencing the real consumptions of the building. This result 
is shown in Figure , since the electricity produced by the PV system 
in  is higher than what simulated in the EnergyPlus model.

Furthermore, the second cause of discrepancy is represented by 
occupants, whose real behaviour can be very diff erent from existing 
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standards, due to diff erent perceptions in terms of thermal comfort, 
and therefore diff erent settings in terms of temperature set-points 
or ventilation requirements. The eff ect that occupant behaviour can 
have on consumptions was well captured in (Barthelmes et al., ), 
where diff erent lifestyles were simulated in EnergyPlus, showing that 
a low consumer profi le (representative of an occupant attentive to 
energy matters) could reduce overall energy use up to %, just ope-
rating electrical equipment in a more conscious way.

In this framework, given the importance that occupant beha-
viour plays in the overall building consumptions, it is important to 
better capture which are the feelings that occupants have when 
dealing with an NZEB, as well as the diffi  culties they may feel in case 
of smart buildings, in which their control over the building systems 
could be reduced. Thanks to an interview submitted to CORTAU occu-
pants, it was possible to identify the main pros and cons perceived 
by NZEB users. The main criticalities emerged from users’ feedbacks 
are mainly related to the interaction with the HVAC systems instal-
led within the building:
• Diffi  culty in getting used to a DHW temperature diff erent from that 

produced by a boiler system;
• Diffi  culty in getting used to the CMV system;
• Understanding the crucial role of dehumidifi cation associated with 

the use of radiant fl oor cooling system during summer season, in order 
to reduce air humidity and to avoid condensation on the surfaces;

• Diffi  culty in getting used to the thermal inertia of the fl oor radiant 
system.

Conversely, the main potentialities defi ned by CORTAU occupants 
derive from a better thermal comfort within the internal spaces, achie-
ved thanks to the use of radiant system coupled with CMV:
• Feeling of a better indoor comfort and air temperature distribution 

thanks to the presence of the radiant system;
• Possibility to maintain a lower indoor air temperature during the 

heating season, obtaining energy savings;
• Perception of a pleasant indoor temperature in winter season thanks 

to solar load;
• Use of shading systems to reduce the solar radiation entering the 

building, obtaining energy savings.

Conclusions
Nearly-zero energy buildings represent sustainable solutions 

to reach the ambitious decarbonisation targets suggested by the 
European Union in building sector. Nowadays, although effi  cient 
design and existing technologies allow to reach the NZEB targets, 
the role of occupants in the fi nal consumptions is considerable. For 
the above-mentioned reasons, it is necessary to realize an accurate 
preliminary design phase to evaluate consciously the eff ect of dif-
ferent system technologies and envelope solutions. Moreover, an 
estimation of the possible causes of energy consumption diver-
sions due to the modifi cation of the condition of use, caused by 
diff erent occupant behaviours, should be performed.

In this paper, the single-family CORTAU House was analysed in 
order to compare the theoretical energy consumptions estimated 
from the dynamic simulation of EnergyPlus and from the prelimi-
nary energy certifi cation of the building during the pre-occupancy 
period, with the actual consumptions reported in the electricity 
bills. Results show a discrepancy of % between the certifi cation 
value and the real one, in terms of primary non-renewable energy. 
Moreover, the comparison between energy simulation and electricity 

bills shows a real electricity consumption of % higher than the 
simulated value. Besides the eff ect that climate external conditions 
can have on results, a signifi cant gap is due to occupant behaviour.

It is necessary to underline that the comparison between the-
oretical and actual energy consumption is based on an annual 
assessment. In order to achieve a more complete view, it would be 
interesting to consider more years in the evaluation of the energy 
bills, to potentially explore the eff ects of diverse climate conditions 
on overall results, as well as to increase the temporal granularity of 
the analysis, including monthly reports from energy bills.

To conclude, it can be said that the NZEB market is ready to be 
successful from a technology standpoint, however, there are still 
some critical issues to be carefully addressed, from design and con-
struction phases, to the operational one. First, it is fundamental to 
fi nd trained manpower able to concretely realize the NZEB project. 
Moreover, it is extremely important to have an occupants’ education 
phase, before their entrance into the house. Indeed, NZEB building 
could be seen as a complex machine to be managed, which misuse 
can lead to excessive energy consumptions, despite the high-per-
formance level of technologies and envelope components installed.
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fl oors, for both space heating and cooling. Confi gurations A and C 
use natural ventilation, while confi gurations B and D assume the use 
of a controlled mechanical ventilation (CMV) system. Finally, all confi -
gurations consider the use of solar collectors for covering the dome-
stic hot water (DHW) production, and of photovoltaic (PV) panels for 
matching part of the electricity demands (even if with diff erent instal-
led peak power: . kWpeak for confi guration A, . kWpeak for confi -
guration B, and  kWpeak for C and D). The combination of envelope 
and system strategies led to the defi nition of  energy design sce-
narios (see Figure ), which were compared using the cost-optimal 
methodology. All scenarios were simulated using EnergyPlus sof-
tware, for evaluating their energy performances, while the econo-
mic assessment was done based on the global cost calculation, as 
defi ned by (EN -:).

Figure 2 – Matrix of  energy design scenarios for CORTAU 
House retrofi t (Barthelmes et al., )
Figura 2 – Matrice dei 16 scenari di retro& t per casa CORTAU (Barthelmes et al., 2014)

Based on the described methodology, the cost-optimal level for 
the refurbishment of CORTAU House is identifi ed in the scenario C. 
However, in the design phase, team designer and owners have opted 
for the confi guration D (see Figure ), which diff ers from the cost-
optimal level for the adoption of the CMV system (Barthelmes et al., 
). Moreover, thanks to the use of PV panels and water-to-water 
heat pump, the national requirements in terms of Renewable Energy 
Sources (RES) coverage were largely met, thus not asking for the need 
to install the solar collectors on the roof. CORTAU House, today fully 
occupied, presents a water-to-water heat pump with . COP and . 
EER, coupled with radiant fl oor for space cooling and heating, and 
a CMV system equipped with heat recovery. A . kWpeak PV plant is 
installed on the roof. The thermal properties of the envelope are in 
line with Turin’s regulation (. W/(mK) for external walls and ceiling, 
. W/(mK) for the slab and . W/(mK) for the windows). Starting 
from the real characteristics of CORTAU House, a model was simu-
lated with EnergyPlus, including standard occupants’ behaviour in 
terms of heating and cooling set-points ( °C and  °C, respecti-
vely), while schedules for occupancy, lighting, and equipment usage 
were set according to existing standards (Barthelmes et al., ).

Results
The following section describes the results of the analysis, aiming 

to show and discuss the gap between theoretical and real con-
sumption values. Theoretical results are assessed either with preli-
minary energy certifi cations of the building or with energy dynamic 
simulations during the design and operation phases. First, looking 
to the energy certifi cation, performed at the end of  (and thus 
during the pre-occupancy period), a primary non-renewable energy 

value of . kWh/(m·year) was obtained, which considers only the 
energy consumption for space heating, space cooling, ventilation and 
domestic hot water production (being electricity consumption for 
lighting and electric equipment excluded). In order to compare the 
value with the real consumptions in the post-occupancy phase, elec-
tricity bills were collected for the year  (total electricity from the 
grid equal to  kWh/year), while thanks to the on-going monito-
ring campaign of the PV production, the electricity locally produced 
in  was gathered (equal to  kWh/year). Moreover, by estimating 
the usage profi les of the main interior electrical equipment installed 
within the building, it was possible to isolate the real electricity con-
sumption for space heating, space cooling, ventilation and domestic 
hot water production (equal to  kWh/year). Therefore, parallelly to 
what assumed for the energy certifi cation (namely to consider the PV 
production as available for matching the climatization consumption 
only), it was possible to obtain an overall electricity consumption from 
non-renewable sources equal to . kWh/(m·year). The correspon-
dent value of primary non-renewable energy of . kWh/(m·year) 
was obtained (with a . conversion factor). As expected, this value 
is higher than the value shown in the energy certifi cation, showing a 
percentage discrepancy of % between theoretical and real value.

Similar comparison was performed, considering the ideal results 
coming from the simulation of the EnergyPlus model. The diff erences 
between model and real values, in terms of electricity consumption, 
PV production and purchased electricity from the grid, are shown 
in Figure .

Figure 3 – Comparison of electricity features between theore-
tical and real values
Figura 3 – Confronto delle grandezze elettriche teoriche e reali

Ideal results from simulations are infl uenced by standard settings 
in terms of occupancy schedules, lighting and electrical equipment 
densities and schedules of usage. For this reason, it is well known that 
energy dynamic simulations, besides being fundamental to under-
stand the energy behaviour of a building, represent ideal situations, 
far from the reality. Indeed, electricity consumptions reported in the 
energy bills, gathered from CORTAU occupants, show that the electri-
city purchased from the grid in the real situation is higher than what 
expected from simulations.

The diff erences between theoretical and real results might be 
conducted to two main causes. The fi rst one can be defi ned as exter-
nal climate, since irradiation, external temperature and humidity vary 
year by year (and thus diff ering from climatic data used for the simu-
lations), infl uencing the real consumptions of the building. This result 
is shown in Figure , since the electricity produced by the PV system 
in  is higher than what simulated in the EnergyPlus model.

Furthermore, the second cause of discrepancy is represented by 
occupants, whose real behaviour can be very diff erent from existing 
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standards, due to diff erent perceptions in terms of thermal comfort, 
and therefore diff erent settings in terms of temperature set-points 
or ventilation requirements. The eff ect that occupant behaviour can 
have on consumptions was well captured in (Barthelmes et al., ), 
where diff erent lifestyles were simulated in EnergyPlus, showing that 
a low consumer profi le (representative of an occupant attentive to 
energy matters) could reduce overall energy use up to %, just ope-
rating electrical equipment in a more conscious way.

In this framework, given the importance that occupant beha-
viour plays in the overall building consumptions, it is important to 
better capture which are the feelings that occupants have when 
dealing with an NZEB, as well as the diffi  culties they may feel in case 
of smart buildings, in which their control over the building systems 
could be reduced. Thanks to an interview submitted to CORTAU occu-
pants, it was possible to identify the main pros and cons perceived 
by NZEB users. The main criticalities emerged from users’ feedbacks 
are mainly related to the interaction with the HVAC systems instal-
led within the building:
• Diffi  culty in getting used to a DHW temperature diff erent from that 

produced by a boiler system;
• Diffi  culty in getting used to the CMV system;
• Understanding the crucial role of dehumidifi cation associated with 

the use of radiant fl oor cooling system during summer season, in order 
to reduce air humidity and to avoid condensation on the surfaces;

• Diffi  culty in getting used to the thermal inertia of the fl oor radiant 
system.

Conversely, the main potentialities defi ned by CORTAU occupants 
derive from a better thermal comfort within the internal spaces, achie-
ved thanks to the use of radiant system coupled with CMV:
• Feeling of a better indoor comfort and air temperature distribution 

thanks to the presence of the radiant system;
• Possibility to maintain a lower indoor air temperature during the 

heating season, obtaining energy savings;
• Perception of a pleasant indoor temperature in winter season thanks 

to solar load;
• Use of shading systems to reduce the solar radiation entering the 

building, obtaining energy savings.

Conclusions
Nearly-zero energy buildings represent sustainable solutions 

to reach the ambitious decarbonisation targets suggested by the 
European Union in building sector. Nowadays, although effi  cient 
design and existing technologies allow to reach the NZEB targets, 
the role of occupants in the fi nal consumptions is considerable. For 
the above-mentioned reasons, it is necessary to realize an accurate 
preliminary design phase to evaluate consciously the eff ect of dif-
ferent system technologies and envelope solutions. Moreover, an 
estimation of the possible causes of energy consumption diver-
sions due to the modifi cation of the condition of use, caused by 
diff erent occupant behaviours, should be performed.

In this paper, the single-family CORTAU House was analysed in 
order to compare the theoretical energy consumptions estimated 
from the dynamic simulation of EnergyPlus and from the prelimi-
nary energy certifi cation of the building during the pre-occupancy 
period, with the actual consumptions reported in the electricity 
bills. Results show a discrepancy of % between the certifi cation 
value and the real one, in terms of primary non-renewable energy. 
Moreover, the comparison between energy simulation and electricity 

bills shows a real electricity consumption of % higher than the 
simulated value. Besides the eff ect that climate external conditions 
can have on results, a signifi cant gap is due to occupant behaviour.

It is necessary to underline that the comparison between the-
oretical and actual energy consumption is based on an annual 
assessment. In order to achieve a more complete view, it would be 
interesting to consider more years in the evaluation of the energy 
bills, to potentially explore the eff ects of diverse climate conditions 
on overall results, as well as to increase the temporal granularity of 
the analysis, including monthly reports from energy bills.

To conclude, it can be said that the NZEB market is ready to be 
successful from a technology standpoint, however, there are still 
some critical issues to be carefully addressed, from design and con-
struction phases, to the operational one. First, it is fundamental to 
fi nd trained manpower able to concretely realize the NZEB project. 
Moreover, it is extremely important to have an occupants’ education 
phase, before their entrance into the house. Indeed, NZEB building 
could be seen as a complex machine to be managed, which misuse 
can lead to excessive energy consumptions, despite the high-per-
formance level of technologies and envelope components installed.
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