








Figure 13: Comparison of heating energy consumption of the uninsulated building (daily averaged dataset) 
 

 

Figure 14: Comparison of heating energy consumptions 
in the uninsulated (top) and insulated (bottom) building -

weekly averaged dataset 

Overall results of the uninsulated buildings compared to 
the measured values showed that multizone models gave 
slightly lower, while single zone results gave slightly 
higher heating energy consumptions. The difference is 
around 5%, respectively. Comparing the insulated 
building’s results, the multizone model with design inner 
conditions gave 1% higher result than the measured 
values; however, if simulated inner temperature and RH 
conditions are used, the overall energy consumption was 
7% lower than the measured values. The two singlezone 
model gave almost identical results, i.e. 11% higher 
values than the measured energy consumption. It can be 
seen from our results, that was also found by Hoseggen, 
Mathisen and Hanssen (2005), that dividing the building 
into multiple zones results in more accurate final results. 
In Fig. 13. each marker represents a daily averaged result 
of the simulated heating energy consumption of the 
uninsulated building compared to the measured values. 
When the measured and simulated values are equal to 
each other on a specific day, the marker in Fig. 13. is on 
the represented ideal line. It is clearly visible on the 
dataset that singlezone models have greater scattering and 
much more points are farther from the ideal line compared 
to multizone models. Singlezone results tend to above 
estimate the heating energy consumption between 0.25 
GJ/day to 0.4 GJ/day measured values. It is also 
observable, that multizone results’ scattering are greater, 
when the heating energy consumption values are lower, 
but the results are close to the measured ones, when the 
measured heating energy demand is above 0.3 GJ/day. In 
Fig. 14. the heating energy demand values are represented 
by weekly averaged datasets. In the graphs, paralelly to 
the ideal line (where measured and simulated values are 
equal) 10% over and under lines are represented with 
dashed lines. It is visible, that multizone design and 
simulated approach tend to be closer to the ideal line, than 
singlezone values; and when they are out of the 10% 
interval, they usually underestimate the heating energy 
consumption. This can be seen in the overall results 
represented in Fig. 11. and Fig. 12. before. The 
overestimation of the singlezone models are also visible 
in Fig. 14. 
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Figure 15: Comparison of heating energy consumption of the insulated building (daily averaged dataset) 

The insulated buildings’ results can be found in Fig. 15. 
plotted similarly as mentioned earlier. The daily averaged 
values’ scatters are much greater, than in case of the 
uninsulated buildings’, and when heating is off, there are 
still simulated values. Above the measured 0.15 GJ/day 
consumption, the scatters of multizone models become 
moderated compared to the days when lower energy was 
used for heating. Weekly data showed in Fig. 14; in this 
case the building was insulated, and the singlezone model 
overestimates the heating energy.   

User behaviour analysis 
In the second part of this research the effect of changing 
in the user behaviour for internal gains, ventilation and 
solar protection on the insulated building model was 
analysed with multizone model and design inner 
conditions. 
Bionda and Domingo-Irigoyen (2017) also conducted 
similar simulations - without field measurements - where 
they analysed the effect of the building envelope and 
heating control with IDA ICE software to determine the 
amount of savings. Depending on the structure of the 
building, when one apartment from the eight using 
occupancy-based heating control, the 20-24% to 30-40% 
energy saving of the apartment can be achieved. 
In this research according to the used dynamic whole 
building heat and moisture transfer simulation tool, for 
setting up the internal gains, we used the values declared 
in the Hungarian regulation’s value (5 W/m2) first, and 
furthermore we used the built-in profiles of WUFI 
software which is based on hourly defined usage of the 
selected rooms as profiles. Three methods can be used for 
shading devices in the dynamic simulation software: 
preventing overheating, which try to avoid internal 
temperatures over 26 °C, or   schedule controlled by 
profile, and close by limit radiation value (500 W/m2), this 
is controlled automatically by the software. The values of 
ventilation were set according to the Hungarian regulation 
(0.5 1/h) and with a profile setting, in which we took the 
summer and winter ventilation routines of the occupants 
into account. Therefore 12 combinations of these 
parameters were defined, which can be seen in Table 1. 
 
 
 

Table 1: Variables in analysing user behaviour 
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Analysing the results summarized in the graph presented 
in Fig. 16, the change in user behaviour resulted changes 
in the overall heating energy consumptions of the model. 
However, the maximum difference between the smallest 
and the largest overall heating energy consumption was 
around 10% (comparing simulation 8 and 9). For the 8th 
model, we used radiation-depending shading control, 
internal gains were set from the built-in profiles and 
scheduled ventilation based on built-in profiles was used. 
While in the 9th model simulation, scheduled shading was 
used and the internal gains and ventilation values were set 
according to the Hungarian regulation. In case of the 
uninsulated building, the same tendency can be observed, 
but the maximum difference between heating energy 
demands are reduced to only 6%.  

Comparing the daily simulated values with the 
measurements the best match occurs in January and 
February, the difference in the daily energy usage is about 
5%. The daily heating energy demands in the autumn are 
overestimated, and from the middle of February the 
values are remarkably higher, than the measured data. 
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Figure 16: Heating energy consumption in the examined 
models based on the insulated building 

 

 
Figure 17: Solar gains with different shading options 

 

 
Figure 18: Internal gains 

Regarding the solar gains (Fig. 17), there were 3 major 
groups, the highest value was 15.42 GJ/a with close by 
radiation limit value settings. 

In Fig. 18, the internal gains separated to convection and 
radiation parts are illustrated.  The highest internal gains 
achieved with combined Hungarian regulation based 
ventilation and WUFI internal gain profiles, while we got 
the lowest values were these are interchanged and 
WUFI’s profile was used for ventilation and Hungarian 
regulation was applied for internal gains.  We can use the 
result to find out which ventilation and shading options 
are recommended to minimize the heating energy costs 
and maximize solar gains. 

Conclusion 
In the paper, we analysed measured datasets of an 
insulated and uninsulated family house during a heating 
season. We examined the internal temperature and 
relative humidity distribution in the rooms and the 
measured heating energy consumption. With measured 
climate data we created a weather file for the dynamic 
simulations.  

We modelled the buildings’ energy performance 
considering a whole building dynamic conjugated heat 
and moisture transfer model, in which the hygrothermal 
material properties of the layers of the building envelope 
were set according to monitoring measurement results. 
Therefore we considered not only the declared properties 
of the materials, but the real built-in behaviour using 
temperature and moisture conversion factors.  

In the calibration process we iterated the input parameter 
variation to reduce the difference between the measured 
values and the simulated results. Based on this, it can be 
stated that with the knowledge of the basic input data, an 
appropriate model can be created which adequately 
models the heating energy demands (in case of optimally 
selected ventilation and internal gains). The calibration of 
our model was quite challenging, but Figueiredo et al. 
(2018) were proved, that using evolutionary algorithms 
integrated with dynamic building software could increase 
the efficiency and reliability of the calibrating process. 

The design of the zones greatly influences the result; the 
most accurate values can be achieved by multizone 
simulation. If the internal settings are changed from a 
constant design value to simulated inner climatic 
conditions, it will result in slightly smaller heating 
demand, but the average run time will be almost 10 times 
longer. 

In the second part of this research, user habits were 
analysed: it can be seen that, for the family house we 
examined, the used variables did not result in significant 
difference in the overall heating energy demand. 
Generally, applying the values defined by the Hungarian 
regulation, the heating energy demand is always higher 
than with scheduled ventilation and profile-based internal 
gains. It is recommended to further investigate the user 
behaviour in detail, such as Wang, Zhao and Lin (2015) 
did with other software considering the IEA-EBC Annex 
66 too. 
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Based on the results, the measurements also proved that 
posteriorly insulation of a family house could end up 
saving more than 55% energy, therefore these building 
envelope improvements have a high return on investment, 
and the achieved savings are similar to the data published 
in literature. However it cannot be ignored, that thermally 
insulating a house, even with mineral wool, could result 
in a more closed internal space, and therefore the relative 
humidity in the rooms can increase, so the occupants have 
to adapt their behaviour to the renovated building, and 
ventilate more often to achieve a healthy internal climate. 

With this calibrated model, we are able to analyse the 
effect of different building materials and insulations to the 
heating energy consumption and internal climate 
conditions. In addition with the measured weather data 
our models and simulations can be more accurate in 
Hungary.   
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