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Abstract

:

Nowadays it is possible to employ several software packages to evaluate building’s energy performance, each of them based on a different calculation code, with different boundary conditions in terms of environmental temperature, solar radiation, wind velocity and relative humidity. In this contribution, a comparison between two calculation codes, taking into account different types of buildings, has been carried out. In particular, a semi-stationary calculation code and a dynamic one have been employed to determine energy demands of three different building’s types: an old building, a house and a flat. Analyzing semi-stationary conditions (consequently simplified environmental conditions), a software which applies the UNI TS 11300 standard has been considered. This standard defines the procedures for the national implementation of the UNI EN ISO 13790. Furthermore, in order to consider the environmental conditions variation, a well-known dynamic software has been used.
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1. Introduction


Buildings’ energy performance issues have recently become strongly critical for the scientific community: the importance of these topics comes from the need to reduce fuels consumptions and pollutants emissions. In Europe, 80% of carbon emissions comes from urban areas: buildings, industries and transports are a set of elements that greatly contributes to increase pollution in the old continent [1]. A building is a highly complex energy system because it is characterized by the interaction with the surrounding. Therefore, introducing rigorous tools for the energy analysis should be promoted [2]. Plant size depends on buildings performance [3] and on its capability to maintain internal comfort conditions for humans. Nowadays, in order to evaluate construction’s performance, it is possible to employ many software packages characterized by the implementation of different calculation approaches. Over the past 50 years, many building energy codes have been developed. The core tools in the building energy field are the whole-building energy simulation programs, which provide users with key building performance indicators, such as energy use and demand, temperature, humidity, and costs. A number of comparative surveys of energy codes has been published [4]. In the last years, energy diagnosis was a very important issue treated by several international studies [5,6,7,8,9]. In particular, in Italy the European Directive has been applied through the Decree n.192 and recently through the Decree n.63. In Italy, these analyses are based on the UNI TS 11300 standard [10]. These standards require an energy analysis made under semi-stationary conditions, simulating the building energy demand through average values of environmental temperatures, solar radiation and wind velocity. For that reason, this kind of investigation shows the characteristics connected to the stationary features of climatic phenomena, as shown in many studies [11,12,13,14]. Consequently, in order to provide a more detailed analysis, it is possible to use a more complex calculation tool, represented by a dynamic software that allows us to analyze the effects of climatic variations over the time. This choice can lead to a more precise and complete energy demand estimation compared to the steady-state approach, which is commercially available and widely used for energy analysis. Furthermore, the dynamic approach takes into account dynamic properties of the structures and allows us to achieve an accurate modeling process that reflects the real building geometry [15]. The dynamic approach demonstrates high effectiveness and reliability to investigate the influence of external walls thermal inertia properties on the energy performance of buildings [16].



The proposed study wants to point out numerical differences arising from the use of a semi-stationary and a dynamic calculation code applied to different building types, such as a historical building, a house and a flat. The differences of these three different kinds of architectures are related not only to structural characteristics (possible contacts with the ground or gaps around the building) but also take into account the inertial structure properties on annual energy demand variations. It will be seen in the following that the results obtained by the two tools lead to discrepancies of different amount in the energy demand estimation of the three types of buildings.




2. Methodology


As mentioned, the UNI TS 11300 standard, which defines the procedures for the national implementation of the UNI EN ISO 13790 [17], is based on a simplified procedure for the calculation of building energy performance. This procedure relies on a semi-stationary approach that consists in environmental physical simplifications, characterized by monthly average values of several factors, such as environmental temperatures, solar radiation values, wind velocity and relative humidity. The typical daily variables fluctuation is reduced to a single value that can be considered constant throughout the month. Moreover, the inertial behavior of a building is related to two utilization factors. The equations used to calculate the annual energy demand are:


QH ,nd = (QH ,tr + QH ,ve) − ηH ,gn(Qint + Qsol)



(1)






QC ,nd = (Qint + Qsol) − ηC ,Is(QC ,tr + QC ,ve)



(2)




where, QH ,nd and QC ,nd represent the heating and cooling energy demands, QH ,tr and QC ,tr represent the thermal dispersions through opaque and transparent surfaces for heating and cooling requirements respectively, QH ,ve and QC ,ve represent the ventilation losses, Qint represents the internal gains and Qsol represents the solar gains. The utilization factor of thermal contributions is ηH ,gn and the utilization factor of thermal dispersion is ηC ,Is. We can see that in the equations a term that represents the thermal energy stored by the building’s masses is not explicitly mentioned. The accumulation of heat and its release are taken into account through the coefficients ηH ,gn and ηC ,Is. Considering heating demand, the ratio between heat gain and loss called γH, is defined as follows:
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(3)




where Qgn represents the sum of Qint and Qsol; QH ,ht represents the sum of QH ,tr and QH ,ve. In the standard the utilization factor ηH ,gn is defined as:
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(4)
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(5)




where a is a numerical parameter depending on the time constant τ.
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(6)
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(7)







C is the internal heat capacity of building, H is the building total heat loss coefficient related to transmission and ventilation heat losses. In Equation (7), a0 is a numerical parameter and τ0 is a reference time constant. For the cooling season ηC ,Is is defined in a similar fashion.



The simplified equations above do not accurately describe the inertial behavior of a building, that is represented by the wall’s thermal storage, both in winter and summer, with a subsequent energy demand reduction. This is a physical phenomenon which is independent on the methodology adopted and it should be always taken into account for the buildings energy performance analysis.



2.1. Building Types


The buildings taken into account in this study are placed in the center of Italy.



	
The old building (Figure 1) is composed of five floors (three over ground and two in the basement), presenting a complex geometry. The structure is completely made of tuff, with large walls characterized by a thickness ranging from 10 cm to 170 cm. The west side is connected to the ground for a small part. The east side of the structure is close to another building. The construction dates back to 800;



	
The house (Figure 2) is composed by three floors (two over ground and one in the basement). External wall thickness is equal to 30 cm. At the first floor there are no windows on the vertical surfaces (there are only three windows on the roof). The basement is characterized by a gap all around the building able to guarantee a thermal insulation from the ground. The construction year is 2005;



	
The flat (Figure 3) is developed on a single floor, specifically it is the top floor of a building. For this reason the heat dispersion concerns only the roof, the west side and the south side. The construction year is 1988.






Figure 1 shows the historical building. Figure 2 and Figure 3 show the house and flat layouts, respectively. Table 1, Table 2 and Table 3 list the materials employed to build the structures and their thermophysical properties.
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Figure 1. Planimetric and 3D representation of Historical building. 






Figure 1. Planimetric and 3D representation of Historical building.
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Figure 2. Planimetric representation of House. 






Figure 2. Planimetric representation of House.
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Figure 3. Planimetric representation of Flat. 






Figure 3. Planimetric representation of Flat.



[image: Sustainability 06 05311 g003]







[image: Table] 





Table 1. Historical building’s material characteristics.







Table 1. Historical building’s material characteristics.







	
Materials

	
Thermal Conductivity (W/m K)

	
Specific Heat Capacity (kJ/kg K)

	
Mass Density (kg/m3)






	
Tuff

	
0.630

	
1.300

	
1500




	
Concrete

	
1.263

	
1.000

	
2000




	
Brick

	
0.500

	
0.840

	
840




	
Roof’s spruce beam

	
0.120

	
1.600

	
450




	
Plaster

	
0.900

	
0.910

	
1800




	
Brick

	
0.325

	
0.840

	
1070




	
Roof’s spruce beam

	
0.170

	
0.920

	
1200




	
Perforated brick

	
1.000

	
0.840

	
2000




	
Insulating material

	
0.500

	
0.840

	
840




	
Shingle

	
0.120

	
1.600

	
450




	
Perforated brick

	
0.900

	
0.910

	
1800




	
Insulating material

	
0.325

	
0.840

	
1070




	
Tile

	
0.840

	
0.840

	
1700




	
Windows

	
Characteristics

	
Thermal Transmittance (W/m2K)

	
G-value




	
Frame

	
Aluminium

	
2.27

	
-




	
Double insulated glass

	
Double glazing 4/16/4 with air

	
2.83

	
0.755
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Table 2. House’s material characteristics.







Table 2. House’s material characteristics.







	
Materials

	
Thermal Conductivity (W/m K)

	
Specific Heat Capacity (kJ/kg K)

	
Mass Density (kg/m3)






	
Plasterboard

	
0.160

	
0.840

	
950




	
Light concrete

	
0.170

	
0.840

	
500




	
Wood

	
0.120

	
1.600

	
450




	
Tile

	
1

	
0.840

	
2000




	
Light concrete basement

	
2

	
1.000

	
2400




	
Windows

	
Characteristics

	
Thermal Transmittance (W/m2K)

	
G-value




	
Frame

	
Aluminium

	
2.27

	
-




	
Double insulated glass

	
Double glazing 4/16/4 with air

	
2.83

	
0.755
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Table 3. Flat’s material characteristics.







Table 3. Flat’s material characteristics.







	
Materials

	
Thermal Conductivity (W/m K)

	
Specific Heat Capacity (kJ/kg K)

	
Mass Density (kg/m3)






	
Plasterboard

	
0.160

	
0.840

	
950




	
Light concrete

	
0.320

	
0.840

	
1000




	
Insulating material

	
0.170

	
0.920

	
1200




	
Windows

	
Characteristics

	
Thermal Transmittance (W/m2K)

	
G-value




	
Frame

	
Aluminium

	
2.27

	
-




	
Double insulated glass

	
Double glazing 4/16/4 with air

	
2.83

	
0.755









The three building types considered in this study are characterized by different constructive schemes. The tuff’s walls, that characterize the old building, are thick and massive; consequently, the structure has a significant thermal inertia. On the other hand, house and flat are more recent and, for this reason, their walls are characterized by lower transmittance values in spite of small thickness.




2.2. Modeling


Employing a simulation software able to evaluate the annual energy demand of a building can be a reliable and effective method if the obtained results are sufficiently representative of the actual structure behavior. In this work two different approaches have been tested: steady-state and dynamic conditions. The first one has been studied by means of Aermec MC11300 [18] code: this is a semi-stationary software, based on the simplified procedure shown in the UNI EN ISO 13790. The second one has been performed by using TRNSYS [19], that is a well-known dynamic software, based on the transfer function method developed by Mitalas [14].



Using MC11300 the generated models are characterized by a lack of details; it is hard to design a roof with a particular geometrical characteristics and it is also hard to define all the details of the ground on which the structure is built.



TRNSYS applies the transfer functions relationships and it is able to provide the energy demands for each hour during the day. Using this software it is possible to overcome the limitations previously mentioned, exploiting different characteristic. First of all, TRNSYS is based on complete weather-data containing hourly variation of temperature, solar radiation, wind velocity and relative humidity. Consequently, the annual energy demand will be calculated as a sum of hourly load values. Moreover, materials mass density and specific heat capacity are employed to appreciate the building thermal inertia. Finally, more detailed building structural models can be used as input, which can provide more insightful information. This more accurate modeling is made by the two different parts of the software: TRNSYS Build, which allows us to reproduce the building model and TRNSYS Studio which is employed to simulate the energy demand using as input the external environmental conditions.



The thermal properties of the building materials (Table 1, Table 2 and Table 3) were used in Aermec MC11300 and TRNSYS as input and the structures geometry were reproduced. The models generated through MC11300 and TRNSYS are comparable in terms of opaque walls thermal transmittance, transparent surfaces thermal transmittance, windows solar gain factor and geometrical features. Aermec MC11300 is characterized by a compiling interface with a rigid structure: users can fill in the required fields. TRNSYS is divided in two different parts: an interface, which is represented by TRANSYS Build and, as previously mentioned, TRNSYS Studio that is made up by several “Types” (small objects written in Fortran or C++), able to achieve specified tasks and connected together.



It is evident that to carry out a comparison between the different calculation codes, the simulations have to be performed considering the same geographical position (Rome, in our study). Moreover, aiming to make the two models comparable, internal gains and ventilation systems were not taken into account.





3. Results and Discussion


Starting from these data, simulations under steady-state and dynamic conditions were performed with the MC11300 software and with TRNSYS, respectively. It is possible to distinguish between the heating demand QH ,nd, which is referred to the winter, and the cooling demand QC ,nd, which is related to the summer. This allowed us to highlight the differences between the energy demand values, that were calculated both through the stationary software and the dynamic one (Table 4 and Table 5).
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Table 4. Energy demands using different calculation codes.







Table 4. Energy demands using different calculation codes.







	

	
MC11300

	
TRNSYS




	
QH, nd (kWh)

	
QC, nd (kWh)

	
QH, nd (kWh)

	
QC, nd (kWh)






	
Old Building

	
41957

	
10697

	
32860

	
7764




	
House

	
5425

	
1128

	
4183

	
1014




	
Flat

	
4237

	
3378

	
3345

	
1582
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Table 5. Differences between energy demands.







Table 5. Differences between energy demands.







	

	
kWh Difference (MC11300-TRNSYS)

	
Percentage Difference compared to TRNSYS (%)






	
Old Building

	
QH, nd

	
9097

	
27.7




	
QC, nd

	
2933

	
37.8




	
House

	
QH, nd

	
1242

	
29.7




	
QC, nd

	
114

	
11.2




	
Flat

	
QH, nd

	
892

	
26.6




	
QC, nd

	
1796

	
113.5









As it is shown in Table 5, considering the data referred to the old building, the heating demand calculated through MC11300 is higher than the same demand obtained through TRNSYS. This difference, equal to 27.7%, is related to a different way to take into account the inertial behavior of the structure. MC11300 overestimates the heating energy demand, not considering the walls heat storage. Moreover, the structure basement and other walls are in contact with the ground and TRNSYS uses a specific “Type” to simulate this condition. Cooling demand values obtained with TRNSYS are lower compared with the values calculated under semi-stationary conditions: the dynamic software takes into account the structure’s thermal inertia and in particular the fact that during the night, the building releases the heat stored during the day. During the cooling time, the percentage difference grows up to about 38%.



Regarding the house and flat (Table 5), MC11300 overestimates the heating energy demand, with a percentage difference of about 30%. On the other hand, house’s cooling values are similar but, analyzing the data regarding the flat, it is possible to observe a very large percentage difference equal to 113.5%.



The energy demand was further analyzed by calculating its monthly instead of yearly distribution, in order to obtain more specific information about the calculation code differences. Figure 4, Figure 5 and Figure 6 show the monthly energy demands of the old building, house and flat, respectively. It is possible to observe that TRNSYS values are essentially always lower than MC11300 values and this is due to the software capability to take into account the dynamic thermal storage during plant operation.
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Figure 4. Old Building monthly energy demands. 






Figure 4. Old Building monthly energy demands.
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Figure 5. House monthly energy demands. 






Figure 5. House monthly energy demands.
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Figure 6. Flat monthly energy demands. 






Figure 6. Flat monthly energy demands.
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Finally, the monthly percentage differences between energy demands were calculated and analyzing the Figure 5 and Figure 6 it shows that the values (percentage differences comparing TRNSYS results to MC11300 results). During the winter, the percentage differences range between 13.5% (old building–April) and 68.6% (house–March). On the other hand, during the summer, they range from 0.2% (house–August) to 330% (old building–May).



As it is important note that the largest percentage differences are shown in May and October, but, it is worth- to notice that the energy demand values–in these months–are negligible compared to the other summer months. Thus, such high percentage differences do not have to be considered very significant. All the reported results highlight the need to employ more effective simulation tools for both winter and summer energy demands.



It is therefore possible to affirm that different calculation codes can lead to different results in terms of building energy performance. Simplified approaches are poorly representative of a real building performance (especially during the summer); thus, stationary software could lead to inaccurate building energy performance estimation and a consequent rough evaluation of the coupling between building and plant.




4. Conclusions


The proposed study wants to point out numerical differences arising from the use of a semi-stationary and a dynamic calculation code applied to different building types. The differences of these three kinds of architectures are related not only to structural characteristics (possible contacts with the ground or gaps around the building) but also take into account the inertial structure properties on annual energy demand variations.



This study is important to better understand the necessity of using more complex tools to evaluate and to assess the buildings energy efficiency and, consequently, a step towards a method of investigation which allows a better building-plant coupling.



Taking into account a detailed calculation of heat flows–hour by hour–and building’s inertial capacity, it is possible to assess significant variations of seasonal energy demands. In order to highlight the limitations of a simplified procedure to define buildings energy behavior, an old building, a house and a flat (all placed in the same climatic area and geographical position–Rome) were modeled and their behaviors were analyzed both under steady-state and dynamic conditions. At the beginning of the study, in order to consider the steady-state part of climatic phenomena, the software MC11300 has been used; then, the program TRNSYS, able to appreciate the climate changes over time, has been employed. Through these software applications the building's geometries and materials thermal properties have been reproduced. Finally, the obtained numerical results have been compared. Through the simulation of the buildings energy performance, some differences were found between energy demand values calculated through the stationary software and the dynamic one. These differences, for some months of the year, can be very large and they occur regardless of the building type and the inertial properties. For this reason, it is possible to assess that simplified approaches—simplified European Standard—are poorly representative of a real building performance, especially during the summer. Stationary codes are not able to reproduce faithfully the energy behavior of the building, with a possible imprecise building energy certification. According to the results, a semi-stationary energy analysis should be placed side by side with a dynamic one because average differences of about 30% are definitely not negligible when we want to study the energy behavior of a building.



Finally, in this study we tried to get a general confirmation of the results derived from other studies, which developed a comparison between stationary and dynamic models in a specific case study [15,16] by comparing them with experimental data. We have analyzed several buildings totally different and we tried to get the overall results comparing the results obtained from stationary and dynamic models for each of them. In particular, we can generally say that regardless of the type, the use and the year of construction, stationary software that refer to the UNI TS 11300, about a 25%–30% overestimate of the energy demand for heating, and still give results completely unreliable to predict the energy demand for cooling.
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