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Summary:  In this work the authors compare the internal room 
air temperature and cooling load simulated with different me-
thods. The simulations have been  applied to a building of the 

University of Trento. The trend of temperature obtained with the 
calculation procedure has been compared with the actual internal 
air temperature measured in summer 2008. The results of these 
comparisons highlight the differences between the various me-
thods and make clear that care must be exercised when applying 
these methods to assess cooling loads  in the European contexts. 
Keywords: Building dynamic simulation, TFM 

1. INTRODUCTION 

1.1. Importance of energy demand prediction 

In the last few years there has been an increase of energy 

use due to cooling systems, such as split and packaged 

units, that makes urgent the adoption of standards limiting 

the cooling loads. But, to enforce rules about cooling 

consumptions as required by the Energy Performances of 
Buildings Directive (2002/91/CE) reliable calculations 

methods are needed. In fact, a realistic assessment of the 

cooling consumption is the first (necessary) step to under-

stand the building behavior and the way to improve it. 

Moreover, a reliable prediction of the loads allows many 

systems optimizations and the evaluation of innovative 

approaches including active and passive solar techniques 

to reduce the energy demand for cooling. The results of 

calculations for the assessment of heating loads can be 

satisfactory even using quasi-steady state methods (that 

account for the dynamic effects through gain utilization 

factors) whereas, for cooling loads, this procedure is not 
reliable and a truly dynamic simulation is usually neces-

sary.  

1.2. European context 

In many European summer climates, e.g. in the North of 

Italy, the difference between the internal average tempera-

ture and the external one is quite small, and, consequent-

ly, an inversion of the thermal heat flux can happen pass-

ing  from day to night.  

Because of the high insulation level and high mass of 

most opaque components, the main cooling loads are 

usually due to the solar radiation entering through the 

windows and the internal gains. The daily variation of 

these gains are significant and it is often difficult to assess 

these contributions without a dynamic method. On the 
other hand, the dynamic properties of solar and internal 

gains are possibly the main factors affecting buildings 

behavior during the summer time. For the correct design 

of buildings it becomes more and more important the role 

of the thermal capacity of the envelope (in particular of 

the roof) and of the internal partitions (including floor 

slabs). The development of calculation procedures to 

assess the cooling loads has been performed mainly in the 

USA, and consequently, the calibration of these calcula-

tion methods are based on the north American climate and 

on the north American systems and building typology. 

Thus, the use in the European contexts of these methods 
can not be taken for granted. To give an example, in the 

USA the use of light envelopes and HVAC systems is 

quite common, while in Europe the typical building is 

made of bricks and uses hydronics systems.  
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1.3. Goals 

The primary goal of this work is to investigate whether or 

not the simple approaches proposed by the standards EN 

ISO 13790:2008 [6] and EN ISO 13786:2007 [7] give a 

reliable energy cooling load estimate. To this purpose, the 
temperature trend of  EN ISO 13790 has been compared 

with the real temperature measured and with the tempera-

ture predicted with a dynamic simulation.  

2. EXPERIMENTAL ANALYSIS 

2.1. Study object  

The building part that has been modeled to make the 

comparison is a classroom (R1) of the Engineering Facul-
ty of the University of Trento. During the past few years 

several investigations have been performed on the Faculty 

buildings  within the scope of the project “ Sustainable 

Mesiano 2015”, whose primary aim is to improve the 

overall sustainability of the Engineering Faculty. 

 
Fig. 1.  Building part  design. 

The authors have selected the R1 classroom (Fig. 1) to 

monitor the environmental parameters for several reasons. 

The possibility to lock this classroom during the August 

month. This option allows a reliable prediction of the 

internal gains. In fact, during the monitoring the only 

internal heat gain was due to the computer for data log-

ging. 

The external boundary conditions: both the orientation of 
the building and the high level of shading limits the 

amount of the solar heat gain to a predictable level. This 

permits to reduce the uncertainty of the solar gain model. 

During the whole monitoring period the internal tempera-

ture has been lower than the internal setpoint. This per-

mits to neglect the cooling system contribution (due to fan 

coil units) but for the primary air. 

The main characteristics dimension of the classroom are  

reported in table 1. 

Table 1. R1 room primary physics characteristics. 

Characteristic Dimension 

Floor surface 109.17 m
2 

Est and  West gross wall surface 30.68 m
2 

North gross wall surface 37.20 m
2 

Wall trough stairs 10.79 m
2 

Interior light partitions 11.31 m
2 

Interior heavy partitions 15.09 m
2 

Est fenestration surface 11.04 m
2 

North fenestration surface 11.04 m
2 

West  fenestration surface 14.06 m
2 

In the classroom there is a mechanical ventilation system 

that turned on from 5.30 AM to 7.00 PM. The design 

system air flow rate corresponds to 1.0 ach and the aver-

age measured supply air temperature is equal to 20.1 °C. 
The description of the thermal properties of the external 

wall (layers, etc.) can be found in reference [1]. 

2.2. Experimental data collection 

The simulations are applied to a single room of the Uni-
versity of Trento. The trend of temperature obtained with 

the calculation procedure has been compared with the real 

internal air temperature data measured in August 2008. In 

the experimental analysis the authors measured the sur-

face temperature of the walls with thermistors (Fig. 2 left) 

and the internal air temperature by means of platinum 

resistance thermometer (Fig. 2 right).  

 

     

Fig. 2. Thermistors and platinum resistance thermometer.  



 

 43 

A more detailed description about the experimental analy-

sis can be found in reference [1].  

The data collected from the University Meteorological 

Station of Molino Vittoria in Trento have been used as 

external boundary conditions. The available measured 

data were wind speed, solar global radiation and atmos-

pheric pressure. 

3. SIMPLY CALCULATION PROCEDURE 

3.1. Simple hourly method 

The method is presented in Clause 7.2.2 of the standard 

EN ISO 13790:2008 [6] and detailed in Annex C of the 

same standard. Here only a short summary will be pre-

sented. 

The model used is based on an equivalent 5 resistance - 1 

capacitance (5R1C) network. It uses an hourly time step 

and all building and system input data can be modified 
each hour . It is solved used a Crank Nicholson scheme. 

The model takes into account differing internal air tem-

perature θair and mean temperature of the internal surfaces 

facing the building zone θr,mn (mean radiant temperature). 

The calculation method is based on simplifications of the 

heat transfer between the internal and external environ-

ment, as shown in Figure 3. 

 

 
Fig. 3. Five resistances, one capacitance (5R1C) model (from  

EN ISO 13790:2008) 

For each hour, the heat flow rate ΦHC,nd is calculated (pos-

itive for heating and negative for cooling), that needs to 

be supplied to, or extracted from, the internal air node, 

θair, to maintain the minimum or maximum set-point tem-

perature. The set-point temperature used can be the air 

temperature θair or the operative temperature θop 
(a weighted mean of air and mean radiant temperature, 

usually both weighted with a factor 0,5). 

The heat transfer coefficient by ventilation, Hve, connects 

directly the air temperature node, θair, with the node 

representing the supply air temperature, θsup. The heat 

transfer coefficient by transmission is split into the win-

dow part, Htr,w, assumed having zero thermal mass, and 

the remainder (Htr,op) affected by the thermal mass which, 

in turn, is split into two parts: Htr,em and Htr,ms. Solar and 

internal heat gains are distributed over the air node, θair, 

the central node, θs (a mix of θair and mean radiant tem-
perature θr,mn) and the node representing the mass of the 

building zone, θm. The thermal mass is concentrated in a 

single thermal capacity, Cm, placed between Htr,ms and 

Htr,em. A coupling conductance is defined between the 

internal air node and the central node. The heat flow rate 

due to internal heat sources, Φint, and the heat flow rate 

due to solar heat sources, Φsol, are split amongst the three 

nodes. 

The hourly energy needs for heating and/or cooling, 

QHC,nd, can then be obtained by multiplying ΦHC,nd by the 

time interval (3600s). 

3.2. Internal heat capacity of the building 

As detailed in Clause 12.3 of the aforementioned stan-

dard, for the simple hourly method, the internal heat ca-

pacity of the building zone, Cm is calculated by summing 
the heat capacities of all the building elements in direct 

thermal contact with the internal air of the zone under 

consideration: 

Cm = Σ κj x Aj 

where: 

κj = internal heat capacity per area of the building element 

j, determined according to EN ISO 13786:2007  

Aj =  area of the element j, facing the building zone 

 

The EN ISO 13786:2007 [7] envisions two methods to 

determine the internal areal heat capacity κj : a detailed 
method (Clause 7) and a simplified approach based on the 

effective thickness approximation (Annex A). In this 

work, for the sake of a better accuracy, the detailed me-

thod has been used. According to such method, the areal 

heat capacity of each surface surrounding the environ-

ment is calculated starting from the (complex) heat trans-

fer matrix of the building component. The heat transfer 

matrix of the component, in turn, is obtained as the (ma-

trix) product of the heat transfer matrices of the various 

layers, including the boundary layers. For further details 

see Clause 7 of ref. [7]. 

4. DYNAMIC SIMULATION WITH TRNSYS 

The calculation of the building cooling load with the 

software TRNSYS is based on conduction transfer func-

tions (CTF) that allow to evaluate the heat transfer 

through the building envelope. These procedure need to 
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be coupled with an analysis of the radiative and convec-

tive heat  transfer occurring within the enclosed space. 

The conduction transfer function relate conductive heat 

fluxes to the current and past surface temperatures and the 

past heat fluxes. This technique apply the superposition 

principle and one of the greater benefits is that CTFs are 

independent of temperatures, so they can be calculated 

once, at the beginning of simulation, for each wall type. 

 

TRNSYS calculates the internal loads in the space with 

the thermal balance method. This method takes into ac-
count the heat capacity of the air and furniture and uses 

the lumped-parameter approximation to reduce calcula-

tion requirements. This method deals with the longwave 

radiation by the star network method of Seem [5]. The 

star temperature node is then linked with the air tempera-

ture node, that is the control variable. (Fig.4) 
 

 
Fig. 4. Network approach in type 56 of TRNSYS. 

Ta,i = zone air temperature for the zone i 

Tstar,i = star temperature for the zone i 
Ts,j = temperature of surface j 

qs,j = solar radiation to surface j 

qr,j = radiation heat flux from surface j to the others 

Qv,i = ventilation load for zone i 

Qinf,i = infiltration load for zone i 

Qgain,i = internal gain for zone i 

Qcplg,i = ventilation load due to coupling with other zone 

 

The boundary conditions used in the simulation are tem-

perature, total radiation on a horizontal plane, relative 

humidity and atmospheric pressure measured with a time 
step of 10 minutes. In the TRNSYS simulation the infil-

tration loads are taken into account too. These loads are 

modeled with type 571b that is based on ASHRAE model. 

[8] 

5. COMPARISON OF RESULTS 

The results of the dynamic simulation and of the simple 

hourly method (EN ISO 13790:2008) have been com-

pared with the measured values of the internal air temper-

ature. Figure 5 shows a good correspondence between 

dynamic simulation and real values. There appears to be 

only a small error in the evaluation of the internal heat 
capacity. This can be seen observing the difference be-

tween the temperature peaks calculated by dynamic simu-

lation and the ones found in the measured values of the 

internal air temperature. 

 

Fig. 5. Internal air temperature measured (dotted) and calculated 
with TRNSYS (continuous). 

In figure 6 the percentage difference between simulation 
and collected data has been plotted. Differences are quite 

small and their absolute values are always lower than 5%. 

It can be seen that the TRNSYS simulation overestimates 

the internal temperature and, since internal and solar heat 
gains are negligible, this overestimation of the internal 

temperature is presumably due to an underestimation of 

the internal heat capacity. 
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Fig. 6. Percentage difference between TRNSYS calculated and 
measured temperature 

Figure 7, instead, shows the comparison between the 

measured internal air temperature and the results obtained 

by the EN ISO 13790 simple hourly method.  

 

Fig. 7. Measured internal air temperature vs. EN ISO 13790 
simple hourly method. 

The wild oscillation of the internal air temperature simu-

lated can clearly be appreciated. This oscillation may 

presumably be explained with an incorrect estimation of 
the role of  thermal capacity in this building environment. 

In particular, it appears underestimated the capacity of the 

envelope to reduce the amplitude of variation of tempera-

ture. The (quite high) differences between the temperature 

predicted by the EN ISO 13790 simple hourly method and 

measured values are shown in figure 8, where it can be 

appreciated that the range of variation reaches ± 13%. 

 

Fig. 8. Percentage difference between EN ISO 13790 simple 
hourly method and measured internal air temperature 

As mentioned before, the simple hourly method gives also 
the (hourly) values of the temperature of the surface node. 

These values can be compared with the surface tempera-

ture measured with the thermistors (Fig 2 .left). In figure 

9 it can be seen the large difference between the two val-

ues. 

Fig. 9. Measured surface wall temperature vs. EN ISO 13790 
simple hourly method.. 

Figure 10 shows the percentage differences between cal-
culated and measured surface temperatures. These differ-

ences, as can be expected, are very similar to the ones 

pertaining the internal air temperatures (see fig. 8). This 

seems to confirm that the fundamental problem in the EN 

ISO 13790 approach arises from the evaluation of the 

internal capacitance. 
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Fig. 10. Difference between EN ISO 13790 and measured tem-
perature.  

6. CONCLUSIONS 

The results of the comparison show that the EN ISO 13790 

simple hourly method predictions, when heat gains are 

small, lead to temperature variations that can exceed by 

10% or more the results of a TRNSYS based dynamic 

simulation. 

The TRNSYS software seems quite  reliable when com-

pared with experimental data. 

On the other hand, the comparison between measured and 

calculated wall surface temperature seems to confirm that 

the fundamental problem for the EN ISO 13790 simple 
hourly method arises from an incorrect evaluation of the 

thermal capacity of the envelope. It must be stressed that 

these must be considered preliminary results and (many!) 

further investigations are needed since these results have 

been obtained in a single, particular case where internal 

and solar heat gains are negligible. Nevertheless, these 

results where somewhat surprising for the authors, that, in 

consideration of the simple load profile of the analyzed 

room, expected a much better agreement between meas-

ured and calculated values: in fact the activity presented 

in this paper was originally pursued as a mere model 

calibration check.  
The internal heat capacity could play a quite different role  

when the internal and, especial, solar heat gains become 

more important, as is often the case. To this purpose, 

another research activity is currently ongoing taking in 

consideration a different built environment with very high 

solar heat gains  and variable occupation loads. 
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