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1. Introduction

Several dynamic whole-building simulations were 
performed for industrial and commercial buildings in 
recent years to assess the buildings’ heating energy 
consumption or to recommend the best retrofi t strate-
gies for specifi c buildings [1–5]. Steady-state methods 
do not provide detailed information compared to sim-
ulations, and there is no such possibility to optimize 
the building’s performance. Dynamic simulations can 
also be used to optimize the structural detail of a build-
ing in different climates [6]. The Energy Performance 
of Buildings Directive (EPBD) aims to promote im-
provements in the energy performance of buildings in 
Europe. A former comparison of energy certifi cations 
of buildings showed that EPBD is properly embedded 
into both the Hungarian and Austrian calculation sys-
tems and the calculation methodology has been devel-
oped for all building types [7]. In this paper we dis-
cuss the thermal performance of an industrial build-
ing, based on calculations according to the Hungarian 

7/2006 TNM. Decree [8] and the Austrian OIB 6 Di-
rective [9].

Furthermore, we conducted dynamic whole-
build ing simulations coupled with thermal bridge 
simulation and analysed its effect on the heating en-
ergy consumption.   Ge and Baba showed that the ef-
fect of three-dimensional thermal bridges is not neg-
ligible in dynamic simulations, and with increasing 
the insulation level, the effect of thermal bridges on 
annual heating load increases [10]. We have also 
evaluated the effect of different internal loads on the 
heating energy consumption with different thermal 
insulation designs. The main purpose of the research 
was to evaluate the heating energy consumptions cal-
culated with the Hungarian regulation, the Austrian 
directive and with dynamic simulations, by setting 
the input parameters as close as possible. We also ex-
amined the effect of whole surface insulations in case 
of ground contact fl oors. Another goal was to analyse 
the effect of thermal bridges in case of dynamic sim-
ulations.
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2. Analysed building and calculation 
methods

The analysed industrial building functions as a car 
showroom and offi ce with a fl oor area of 285.89 m2. 
According to the layout, there are two distinct units: 
a warehouse/exhibition hall and an offi ce area, where 
a restroom, offi ces, kitchenette and mechanical room 
are located. The general requirements were 20 ºC, and 
50–65% relative humidity in the hall.

The walls and roof structure of the industrial 
building were made with insulated panel systems, with 
0.4-0.6 mm of metal skin and with 10 cm (walls) and 
16 cm (roof) of IPN core thicknesses. In case of the 
industrial fl oor, along the perimeter of the fi bre rein-
forced concrete fl oor, a 10 cm thick XPS insulation 
with a width of 1.5 m was applied (Fig. 1).

The plinth wall was built with 25 cm monolith-
ic reinforced concrete, and 12 cm of XPS insulation, 
internal and external plaster layers were applied. The 
design of the offi ce fl oor is similar to that of the exhi-
bition hall, the difference between the two structures 
is that the used thermal insulation is applied over the 
entire surface of the fl oor. The geometry parameters of 
the industrial building are shown in Table 1.

The investigated building was examined accord-
ing to two systems, based on the Hungarian 7/2006 
TNM Decree [11] and the Austrian OIB 6 Directive 
[12]. These two calculations differ from one another 
in many respects, e.g. the values of the primary ener-
gy conversion factors are different. The heating in this 
building is provided by a condensing gas boiler with 
programmable heating control and the boiler also pro-
vides sanitary hot water in the offi ce and washroom 

Fig. 1. Ground fl oor detail, thermal insulation design along the perimeter

Table 1. Geometry parameters of the industrial building

Warehouse Offi ces Restroom Mechanical room

Net fl oor area  247.73 m2 24.77 m2  6.00 m2  7.39 m2

Net volume 1578.83   m3 89.13 m3 20.48 m3 26.82 m3

Table 2. Thermal transmittance values according to Hungarian and Austrian regulations

7/2006 TNM OIB 6 Original structure

Structure Prescribed U value 
[W/m2K]

Prescribed U value 
[W/m2K]

Calculated U value 
[W/m2K]

Wall 0.24 0.35 0.21
Plinth wall 0.30 0.35 0.23
Roof slab 0.17 0.40 0.16
Window 1.15 1.40 1.10
Ground fl oor 0.30 0.40 3.82 (0.47)
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to signifi cant differences in the heat loss coeffi cients, 
therefore we calculated the ground contact structures 
according to ISO 13370 [14] in both cases and used 
those results in further calculations.

3. Whole-building simulation

In this research a coupled dynamic thermal bridge and 
whole-building simulation is performed too. We have 
used the WUFI Plus software for modelling the hygro-
thermal behaviour of the building. Because the bound-
ary conditions – such as climate, heating, ventilation, 
air conditioning, internal loads – can be individually 
set by the user, the simulation provides accurate re-
sults for the building, as demonstrated by several val-
idating processes. The validation with VDI 6020 and 
ASHRAE Standard 140-2007 performed by Antretter 
et al. showed good agreement, the calculation results 
are comparable with the reference values [15].

There are several methods for defi ning a building 
with the software, in this case we have used the build-
ing wizard for the base of the building, and 3D editor 
for the detailed parts. The entire building model can 
be seen in Fig. 2.

After the geometric design of the structural el-
ements, the materials were defi ned from the built-in 
material database. We have divided the building into 4 
different zones based on function: warehouse, offi ce, 
restroom and mechanical room. The internal loads 
were defi ned on three aspects. Firstly, according to 
the Hungarian regulations: for offi ces the average heat 
gain is 7 W/m2, which is divided into 1/3–2/3 as con-
vective and radiant load. Secondly, with group loads, 
where the values were selected from built-in values 
such as offi ce, exhibition hall. Thirdly, based on in-
dividual data, where we adjusted to the exact func-

area. In this case we have calculated using natural gas 
heating, so the conversion factors were different dur-
ing the calculations (1.0 for the Hungarian and 1.17 
for the Austrian), therefore the basis of the comparison 
was the heating energy consumption instead of prima-
ry energy consumption.

There is a signifi cant difference between the pre-
scribed thermal transmittance of the Hungarian and 
Austrian calculations, which can be seen in Table 2 
alongside the U values of the original structure. U val-
ues shown are design values according to ISO 6946 
[13], while for ground fl oor, in parentheses we gave 
the U value according to ISO 13370 [14], too.

Another difference between the two calculation 
methods is the applied air exchange rate, which is 0.8 
1/h for commercial buildings in the Hungarian regu-
lation and 1.0 1/h in the Austrian directive. However, 
the building belongs to the “other” category according 
to the Hungarian regulation, therefore we assumed 0.8 
1/h air exchange rate in the offi ce, and 0.5 1/h in other 
parts of the building in Hungarian calculations and in 
dynamic simulations. It is also important to highlight 
the difference between the average outdoor tempera-
ture and relative humidity, as shown in Table 3.

During the calculations, thermal energy storage, 
heat losses through thermal bridges and heating ener-
gy demand were taken into account with a simplifi ed 
method, to get comparable results. In case of ground 
contact fl oors, there is a remarkable difference be-
tween the simplifi ed methods: the transmission losses 
are calculated according to the Hungarian regulation 
by multiplying the thermal resistance dependent line-
ar thermal transmittance by the perimeter of the fl oor, 
but in the case of the Austrian Directive the fl oor area 
is multiplied by the U value and with a 0.7 correc-
tion factor. When we evaluated the results, this lead 

Table 3. Monthly external temperature (Temp.) and relative humidity (RH) values according to the Hungarian and 
Austrian regulations

Months I II III IV V VI VII VIII IX X XI XII

MSZ 
24140

Temp. [°C] –2 0 5 13 19 22 25 23 18 12 5 0
RH [%] 90 85 74 73 70 70 63 67 73 80 86 91

OIB 6
Temp. [°C] –2.3 0.8 5.4 10.6 15.3 18.6 20.4 19.7 15.9 10 4.1 –0.5
RH [%] 80 80 80 80 75 75 75 75 80 80 80 80

Fig. 2. Wufi  Plus model of the examined building
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tion of the building, including the number of people 
in the rooms, and the activity they are doing. For the 
external climate we used the weather in Budapest. The 
temperature and relative humidity values are shown in 
Fig. 3. During the calculations 1 m thick soil layer was 
taken into account, below that the temperature of the 
soil was calculated using a sinusoidal function with 
13 °C mean value and 8 °C amplitude at constant 90% 
relative humidity respecting the WUFI manual [16]. 
The natural infi ltration rate is 0.5 1/h in the hall and 
in the offi ce is 0.8 1/h. The design conditions were set 
to a minimum and a maximum temperature and rela-
tive humidity for each zone; the minimum temperature 
was set to 20 °C during working hours, and 16–17 °C 
when no one is in the building.

Because the HVAC system supplies the whole 
building, we divided them between the zones. The 
heating was divided between the warehouse, the of-
fi ce, the restroom and the mechanical room with a 
ratio of 70% – 20% – 5% – 5%, respectively, as the 
warehouse has a substantial larger net volume and it 
is also necessary to keep the minimum temperature.

Wufi  Plus is capable of integrating modules, 
which can be used for dynamic analysis of 3-dimen-
sional bodies concurrently with the whole building. 
For this coupled thermal bridge and whole-building 
simulation, we have modelled the plinth wall section 
for each different part of the building with 19 com-
ponents in total, because there are different bounda-
ry conditions based on the orientation and structure of 
the building. The software was validated successfully 
for modelling 2D and 3D thermal bridges according 
to DIN EN ISO 10211 by Antretter, Radon and Pa-

zold [17], and with this combined application of the 
software the effect of thermal bridges to the overall 
performance can be evaluated, as well as moisture re-
lated problems on the thermal bridges. The run time of 
the simulations was 1.5 hour in general, and if 3D ob-
jects were specifi ed, the running time increased to 8-9 
hours. The results can be evaluated by zones. In this 
case, primarily the heating energy consumption was 
analysed and compared to the calculations.

4. Results

Comparing the results (Fig. 4), it can be seen that the 
calculations and simulations give different results. The 
calculations resulted in approximately 10% difference 
between the heating energy consumptions comparing 
the Hungarian and Austrian method. The difference 
between the simulations are more relevant, depending 
on what internal loads are applied to the structure, the 
difference between the heating energy consumption 
could be more than 20%. It is also important to note 
that if the simulation of thermal bridges are neglected, 
the differences between the simulations can be more 
than 10% with the same internal load.

Analysing the transmission heat losses in a stand-
ard calculation, it is observable, that the effect of 
thermal bridges in the Austrian method are shown 
separately, in contrast to the Hungarian standard, 
where the effect of thermal bridges is included in 
the transmission heat losses. According to the Aus-
trian calculation, their effect is 41.91 W/K (with 
ON B 8110-6:2014-11-15 Form (12) method) and in 
the Hungarian calculation it is 17.28 W/K. In case 

Fig. 3. Temperature and relative humidity distribution in Budapest during a year

Fig. 4. Heating energy consumptions with different methods and loads
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of ground fl oors, the transmission losses would be 
79.29 W/K according to the Hungarian regulation, 
in contrast, 637.46 W/K according to the Austrian 
Directive. Taking into account the 1.5 m perimeter 
insulation these values are 38.38 W/K (Hungarian) 
and 48.03 W/K (Austrian) with using national reg-
ulations. Therefore, we used ISO 13370 for the fi nal 
results, where the fl oor’s ground heat loss was 89.09 
W/K in both cases. The overall transmission losses 
are 403.21 W/K in case of the Hungarian regulation 
and 434.57 W/K with the Austrian method. In case 
of large fl oor area buildings, the Hungarian simpli-
fi ed method does not provide reliable result, because 
the heat loss will be smaller compared to the values 

calculated with MSZ EN ISO 13370:2017 standard 
[18].

5. Modifi ed structure

Based on the results we were interested in how the 
thermal performance of the building is improved if the 
fl oor of the warehouse is not only insulated along the 
perimeter, but we use a 10 cm insulation on the entire 
surface. With this correction, we have made the energy 
calculations as well as three-dimensional simulations, 
the results are shown in Fig. 5.

By comparing the heating energy consumption, 
after the structural change the difference between sim-

Fig. 5. Heating energy consumption original (blue) and modifi ed structure (red)

Fig. 6. Internal temperature in the warehouse

Fig. 7. Monthly heat fl ows in warehouse with original and modifi ed structure (TNM load)
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ulated and calculated results are smaller. The calculat-
ed results decreased by 10–20%, while the values of 
the simulations could decrease by 25%. In total, the 
maximum heating energy consumption was achieved 
with the original structure with individual loads, as 
in this case we gave a much smaller load as an in-
put parameter. The smallest heating energy consump-
tion was achieved with group loads, since in this case 
the internal load is the highest, thus the internal heat 
production and moisture load is higher too, resulting 
in the lowest heating energy consumption. Based on 
the results, it is important to note that, compared to 
the value based on the regulation, the annual heating 
energy consumption in case of dynamic simulations 
may increase by up to 10% by using different loads. 
Comparing the temperature in the warehouse in case 
of two different structures (Fig. 6), it can be seen, that 
depending on the structure, the temperature of the in-
ternal air also varies. In the case of the original struc-
ture (with perimeter insulation) the temperature of the 
warehouse can cool down more in the summer, than in 
the whole surface insulated case. There is also a mini-
mal difference in relative humidity due to the modifi -
cation of the structure.

Figure 7 shows the monthly heat fl ows in the two 
different structures with the same internal load. It is 
apparent that the heat exchange with the structural el-
ements is much smaller in the fully insulated case, so 
the heating energy consumption changes in a much 
more favourable direction.

6. Conclusions

In the presented paper, we examined the heating ener-
gy consumption, and energy performance of an indus-
trial building by using Hungarian and Austrian regu-
lations. We conducted dynamic whole building sim-
ulations and compared the results to the calculations 
and evaluated the effect of three-dimensional thermal 
bridges in the simulation. In addition, we analysed the 
effect of whole surface ground insulation on the heat-
ing energy consumption.

Comparing the energy consumption of heating, it 
can be seen, that the calculations for the given build-
ing showed different results. These differences may 
arise from the above mentioned inequality of the cal-
culation methods, and from the possibilities of setting 
up the heating system. It is worth mentioning that in 
the calculations it is very important to use the avail-
able simplifi cations correctly to get reliable results. 
In contrast, the simulated model with similar internal 
loads resulted in signifi cantly higher heating energy 
consumption. The difference between the results is 
mainly due to the fact that the calculation methods are 
seasonal (Hungarian), monthly (Austrian) and hourly 
(simulation) based. It is essential to consider the effect 

of three-dimensional thermal bridges in the simula-
tion, because the difference in the results can be al-
most 10%.

With using full surface fl oor insulation instead 
of perimeter insulation, the heating energy consump-
tion can be reduced by at least ~10% in the analysed 
building; if we take into account the expected addi-
tional construction cost, it is worthwhile to insulate the 
whole fl oor in the warehouse, primarily because the 
fl oor area of the building is small. With dynamic simu-
lations, heat losses and gains can be evaluated grouped 
by components, and with the additional information of 
temperatures, relative humidities and water contents, 
the possible problems within the structures can be 
discovered to help optimizing the building structures’ 
design process. With coupled thermal bridge simula-
tions, the temperatures and heat fl uxes can be analysed 
too in the pre-set monitoring points, also assisting the 
design progress.
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