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Abstract. The improvement of the energy efficiency of building stocks represents an important contribution for the
reduction of the energy consumption in the European Union (EU), along with the decrease of greenhouse gases emissions.
In this aim both the public administrations and the technical experts need reliable calculation methodology to assess
buildings’ energy performance. In this framework, despite the recent publication of the Standard EN ISO 52016, that deeply
modifies the approach to the energy building simulation by introducing a new hourly dynamic calculation model, the
current normative framework (EN ISO 13790) will maintain its validity until the incorporation of the new Standard in the
national Standards and Decrees (such as the Italian Standard UNI/TS 11300-1) will take place. The aim of this paper is
comparing the suitability of the simulation approaches proposed by the above-cited Standards in relation to their different
levels of complexity and to the levels of details of the results provided by them. On purpose, a case study in which the
energy behaviour of a public building, sited in the Sicilian city of Trapani in the South of Italy, will be analysed and the
results of the simulations conducted according to the aforementioned Standards will be compared considering the outcomes
of the EnergyPlus software as reference values.
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INTRODUCTION

According to the JRC Energy Report 2018 [1], the energy consumption in the building sector accounts for the
25.7% share of the total energy use in the EU-28, while the IEA Global Status Report 2018 [2] states for the same
sector a 36% share of the final energy use (corresponding to a 39% of energy-related CO2 emissions). Therefore, the
improvement of the energy efficiency of building stocks represents an important contribution for the reduction of the
high dependency from energy supplied by countries outside European Union (EU), along with the decrease of
greenhouse gases emissions. The diminution of such dependence constitutes also a strong element of safety for the
EU-28. In this aim both the public administration and the technical experts need reliable calculation methodologies
able to assess the level at which the energy efficiency is achieved in the building sector, also in sight of awarding
buildings with high performance environmental labels [3].

Loonen et al. [4] and Pieter de Wilde [5] have made general observations about the opportunities, strengths and
challenges relative to the use of building performance simulation and analysis to support future innovation processes.



In addition, simulations have also been conducted and analysed to compare different retrofit solutions to identify
energy action priorities [6, 7] and to assess the price impacts of energy efficiency ratings on the building market [8].

The above-cited considerations led EU Member States to draw up a common energy policy in order to set up a
suitable calculation methodology to assess buildings’ energy performance [9, 10]. Despite the recent publication of
the Standard EN ISO 52016 [11], that deeply modifies the approach to the energy building simulation by exclusively
referring to the dynamic time-dependent regime (allowing for a more accurate evaluation of the energy performance
[12, 13]), and that calls for the need of a more cognisant category of experts, the current normative framework (EN
ISO 13790 [14]) will maintain its validity until the needed incorporation of the new Standard in the national Standards
and Decrees (such as the Italian Standard UNI/TS 11300-1 [15]).

In this framework, many problems have arisen concerning the definition of energy ratings (based on operational
or asset ratings) and the accuracy of the calculation methodology (simplified or detailed). In fact, as shown by various
studies in recent literature, designers and researchers need suitable tools able to facilitate energy analysis in buildings,
while still obtaining reliable results [16, 17, 18].

Simulation toolkit based on the EN ISO 13790 have been developed in several research case studies, by using
simple methods such as Excel-based calculation tools [19, 20], or more sophisticated ones, namely MATLAB-based
calculation codes [21, 22, 23]. In addition, when considering strategies for consumption reduction, tools like
EnergyPlus [23, 24, 25] and TRNSY'S [22] (using a transient method to simulate the building energy behaviour), have
been used to validate the energy performances’ results obtained by the application of the above-mentioned Standard,
considering buildings under various climate conditions, and with multiple energy conservation measures being applied
to them. In addition, algorithms to select the best combination of retrofit solutions for a building, taking also into
account the costs, have been investigated [26]. As for the Standard EN ISO 52016, since we are actually in a transition
phase, its application for research purposes has only recently begun to be taken into consideration. To date in [27] a
calibration of the procedure described in the EN ISO 52016 was carried out by means of the results provided by the
dynamic software TRNSYS adopting a black-box approach, referring to buildings located in the Mediterranean area.

In the present work the differences between the new Standard EN ISO 52016 and the EN ISO 13790 will be
analysed by means of a case study in which the energy behaviour of a public building, sited in the Sicilian city of
Trapani in the South of Italy, will be simulated. In particular, the results of the simulations conducted according to the
aforementioned Standards will be compared, considering the outcomes of the EnergyPlus software as reference values.
The final aim of the paper is comparing the suitability of the above-cited approaches in relation to their different levels
of complexity and to the levels of details of the results provided by them, in order to provide professionals (designers
and researchers) with considerations regarding whether it is convenient to keep using the EN ISO 13790 or start
utilizing the EN ISO 52016 during the transition phase.

COMPARISON BETWEEN THE EN ISO 13790 AND THE EN ISO 52016 STANDARDS

The hourly calculation method proposed by the EN ISO 52016 [28] is a revised, and more advanced, method than
the simplified hourly one given in EN ISO 13790 [14]. The main difference is that the building elements are not
aggregated to a few lumped parameters, but kept separate in the model, as shown in Figure 1.
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FIGURE 1. Simplified method in EN ISO 13790 (a) compared to improved hourly method in EN ISO 52016 (b) [28].

b) Improved hourly method (and similar for monthly method) in ISO 52016-1



Specifically, the EN ISO 52016 uses a more complex and an extensive RC network thermal model for each
building element separately, that is considering five nodes per building element and a capacitance for each building
element inside a thermal zone — instead of using a SR1C model, as in the EN ISO 13790 — to perform the hourly
calculation relative to the energy loads and needs for heating and cooling and the hourly indoor temperature (air, mean
radiant and operative). Figure 2 shows a comparison between the two models.
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FIGURE 2. Comparison between the SR1C model of the EN ISO 13790 (a) [14] and the improved RC network thermal model of
EN ISO 52016 (b) [28].

As a consequence, this leads to a number of advantages, in particular that the properties of each building element
remain individually known, instead of being aggregated to only two thermal resistances, which makes the model more
transparent and more widely usable compared to ISO 13790. Some advantages (which make the method better suited
to deal with passive solar energy and other techniques, as requested by the EPB Directive [10] on the energy use and
the thermal performance of buildings and building elements) and drawbacks of the method proposed by the EN ISO
52016 are given in Table 1.

TABLE 1. Advantages and drawbacks of the EN ISO 52016 model, with respect to the EN ISO 13790 model [28].

Advantages of the EN ISO 52016 model Drawbacks of the EN ISO 52016 model
There is no worry about how to combine e.g. the heat flow through the roof and The model requires higher inputs of building
through the ground floor, with their very different environment conditions properties and dimension which may not be
(ground temperature and ground inertia, solar radiation on the roof). available all the time.

The thermal mass of the building or building zone can be specified per building | Due to the much higher number of nodes a robust
element and there is no need for an arbitrary lumping into one (mean) overall numerical solution method (software) is required
thermal capacity for the building or building zone. when considering a whole building - the solving of
the matrix needs to be done by programming (the
rest of the calculation can still be done in a
spreadsheet).

The mean indoor surface temperature (mean radiant temperature) can be clearly
identified and kept distinct from the indoor air temperature.

Furthermore, the EN ISO 52016 also contains a specific hourly method to calculate the moisture and latent energy
loads, and needs, for humidification and dehumidification and the hourly indoor air moisture content (i.e. humidity),
making it possible to predict the dynamic behaviour of a building in a way more similar to the one provided by the
sophisticated software products, like EnergyPlus.

In addition, the possibility of taking into account in a more detailed way the hourly/daily variations in weather
conditions, their dynamic interactions with technical buildings systems, control aspects and boundary conditions
(where relevant for the calculation), represents a further advantage, with respect to the EN ISO 13790, allowing to use
the model as a simulation tool to put in act both design and control strategies relative to the building’s technical
systems.



It must be underlined that, despite the fact that the EN ISO 52016 hourly calculation method constitutes a more
powerful instrument than its predecessor EN ISO 13790, it still requires the same input data from the user, so that a
limited access to input data is no reason to choose a simpler calculation tool.

MATERIALS AND METHODS

Not a lot of research work has been done on the hourly dynamic calculation model provided by the EN ISO 52016
[28], being it a recently published Standard and considering the fact that its use is not mandatory yet. Thus, the aim of
the case study presented in this work is to test the accuracy of the aforementioned model by comparing it with the,
still in force, SR1C model of the EN SO 13790 [14], considering the outcomes of the EnergyPlus software as reference
values. Specifically, the numerical simulation models of the two Standards, EN ISO 13790 and EN ISO 52016, have
been implemented in the MATLAB environment.

To this purpose, the differences between the two Standards will be analysed by means of a case study in which the
energy performance of a public building will be simulated. The building in question is the city Hall of the Sicilian city
of Trapani in the South of Italy, whose general characteristics are reported in Figure 3. Given its position, the city of
Trapani is characterized by a Mediterranean climate profile, typical of Italian coastal and Southern areas.

Position: Trapani (TP)
Latitude: 38°01°01”
Longitude: 12°30°48 ”
Altitude: 14 m a.s.1.
Climate zone: B
Degree days: 810

Building typology: Office

Construction year: 1904

FIGURE 3. General characteristics and south-east elevation view (on the left) of Trapani city Hall building.

The city Hall building has a covered area of about 2000 m? and consists of four storeys above the ground, resulting
in a total volume of about 6700 m®. The interior plan layout of the typical floor is structured around a central light-
well court. The building is completely isolated on all four sides and presents the typical construction characteristics
of the era in which it was built, therefore without any attention to energy saving solutions. In particular, the main
structure consists of load-bearing masonry walls, made up of natural limestone ashlars and wooden floors, while the
windows are of the single-glass type with wooden frames and shutters without solar shadings.

The input boundary conditions for all three simulation approaches were made as close to each other as possible.
In particular, set-point temperatures of the building for the heating and cooling of 20°C and 27°C, respectively for
winter and summer seasons, were assumed. As for the main thermo-physical properties of the building’s opaque and
glazed elements, these are reported in Table 2, and have been mainly obtained using the UNI/TR 11552 [29].

TABLE 2. Thermo-physical properties of the elements of the considered building.

Building element Typology Thickness (m) Thermal Transmittance (W/m*°K)
Masonry wall - 1%t and 2" floor Opaque 0.54 0.90
Masonry wall - 3 and 4% floor Opaque 0.34 1.341
Roof slab Opaque 0.06 1.18
Floor slab Opaque 0.455 1.622
Windows (single glass) Glazed 0.005 5.835




Regarding, instead, the functioning of the building in terms of internal heat gains related to thermal comfort [30,
31], occupancy, lighting, equipment, ventilation and infiltration, it was decided to adopt values (and relative schedules)
based on those reported in the studies conducted by Corgnati et al. [32, 33] and Fabrizio et al. [34] on medium-sized
office buildings. The adopted values are reported in the following Table 3.

TABLE 3. Internal heat gains’ adopted values and relative schedules for the considered building [32, 33].

Internal heat gam Adopted value Element schedule
element (unit)
0.06 9:00-17:00
) ) Monday to Friday
People (Person/m?) 17:00-9:00 0:00-24:00
0 Monday to Friday Saturday and Sunday
13 9:00-17:00
L Monday to Frida
Lighting (W/m’) 0.065 17:00-9:00 * 5002500
) Monday to Friday Saturday and Sunday
10 9:00-17:00
. Monday to Frida
Fquipment (W/m?) 17:00-9:00 * 5002400
0 Monday to Friday Saturday and Sunday
1 9:00-17:00
Ventilation (I/person) 17-00-9-00 Monday to Friday 0-00-24:00
0 Monday to Friday Saturday and Sunday
Infiltration (m®/s) 0.1 always

As concerns the weather climatic conditions, those considered to perform the simulations are the ones relative to
the Trapani-Birgi meteorological station, indicated in the EnergyPlus database [35].

Regarding the HVAC system it was decided to consider for both the EN ISO 13790 model and the EN ISO 52016
model an ideal one capable of maintaining the internal temperatures within the set point temperatures range. For
consistency, an ideal HVAC system (“IdealLoadsAirSystem”) was also considered in the EnergyPlus simulation.

RESULTS AND DISCUSSION

In the following, the outcomes of the different simulation approaches defined in the previous section will be shown
and analysed, in order to make a comparison.

Specifically, the main results of interest for the presented case study are represented by the monthly heating and
cooling energy needs, which have been summarized graphically in the following Figure 4 and Figure 5.

Looking at Figure 4, showing a comparison amongst the heating energy needs results obtained from the three
calculation models, it is evident how all three models present a similar monthly trend.

As regards instead the comparison relative to the cooling energy needs, reported in Figure 5, results show that the
gap between the EN ISO 13790 model and the EnergyPlus reference values is much more limited respect to the one
relative to the EN ISO 52016 model results. This latter gave, in fact, a substantial overestimation of the cooling needs.
This could be due to different reasons, the first one concerning the way in which this model calculate the internal solar
gains, and in particular the allocation between the two components radiative and convective. Such aspect is indeed
particularly relevant for the climate context considered. A second aspect which could contribute to such discrepancy
in the results is related to the way the HVAC system comes into operation when the temperatures returned by the
calculation models fall out of the optimal range. In particular; in the case of the EN ISO 13790 model the set point
temperatures are compared with the air temperatures returned by the model, while in the EN ISO 52016 model this
comparison is made with the operative temperatures. After all, the current sensors that enable the HVAC on-off
regulation are all driven by the air temperature and not by the operative one.

Comparing, instead, Figure 4 with Figure 5 it can be seen how the heating needs result very low (reaching zero)
during summer, thanks to the high radiation and external air temperature and, accordingly, quite higher cooling energy
needs occur. Similar considerations can be drawn for the winter needs.
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FIGURE 4. Comparison amongst the heating energy needs results obtained from the three calculation models.
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FIGURE 5. Comparison amongst the cooling energy needs results obtained from the three calculation models.



The above-mentioned differences, which could have been expected, between the two Standards are ascribable to
the intrinsic definition of the two models proposed by them. The inputs for the EN ISO 13790 5R1C model are less
compared to the EN ISO 52016 extensive RC network model as the elements are lumped to a few parameters, which
increases the uncertainty in the dynamic simulation of the building. In fact, the improved calculation method
introduced by the EN ISO 52016 allows to model a more advanced dynamic behaviour considering the contributions
from each nodes of the building elements. Thus, the EN ISO 52016 model should derive more accurate results and
could give a dynamic behaviour considerably different from the previous Standard.

In addition, a difference in the results relative to the energy needs could also be due to the utilized calculation
methods. Specifically, EnergyPlus dynamic model calculates the exact value of the energy needs required at each time
step, while both the EN ISO 13790 model and the EN ISO 52016 model are based on an approach that increases a
discrete value of the heating and cooling needs until the set-point is reached.

CONCLUSIONS

The comparison between the EnergyPlus reference values and the results obtained from the models relative to the
two considered Standards, object of the presented case study, suggest that for the considered context both the EN ISO
13790 model and the EN ISO 52016 model seem to be consistent with the EnergyPlus reference values in relation to
the heating energy needs. While, concerning the cooling energy needs the EN ISO 52016 model makes a significant
overestimate.

The presented case study represents a first investigation in the field, as a future development it can be deepened
by extending the simulation models to multiple thermal zones, taking into account different usage and boundary
conditions for separate parts of the investigated building, and by also including detailed HVAC system as well.
Moreover, as a further step, it would also be useful to discuss the simulation results in terms of final energy utilization;
in fact, considering that the energy market is being projected towards an electrification also at European level, it could
be advisable to investigate the economic aspects.

Therefore, buildings’ energy performance analysis can be used as a decision-making support tool in the
development of innovative materials for energy efficiency in the building sector; moreover, it also represents an
enabler for the proper design, construction and operation of buildings, especially when the expectations of a wide
range of stakeholders need to be meet. In this aim both the public administration and the technical experts need reliable
calculation methodology (easier to use compared to complex dynamic simulations) to assess buildings’ energy
performance with sufficient accuracy.

In conclusion, the cooperation between public administration, technical experts and researchers working on simple
but yet reliable energy performance calculation methodologies, is essential in order to improve the energy efficiency
of the building sector. Such aspect is, indeed, of paramount importance for the reduction of the high dependency from
energy supplied by countries outside European Union (a strong element of safety for the EU-28), along with the
decrease of greenhouse gases emissions.

ACKNOWLEDGMENTS

This work was carried out within the research project n. 201594LT3F which is funded by PRIN (Programmi di
Ricerca Scientifica di Rilevante Interesse Nazionale) of the Italian Ministry of Education, University and Research.

REFERENCES

1. JRC SCIENCE FOR POLICY REPORT — Energy consumption and energy efficiency trends in the EU-28 for
the period 2000-2016 — Tsemekidi-Tzeiranaki, S., Bertoldi, P., Labanca, N., Castellazzi, L., Serrenho, T.,
Economidou, M., Zangheri, P. — 2018.

2. IEA 2018 Global Status Report — Towards a zero-emission, efficient and resilient buildings and construction
sector Global Alliance for Buildings and Construction — UN environment.

3. G. Peri, G. Rizzo, The Overall Classification of Residential Buildings: a Possible Role for the Tourist Ecolabel-
Award Scheme, Building and Environment 56 (2012) pp. 151-161.

4. R.C.G.M. Loonen, M. L. de Klijn-Chevalerias & J. L. M. Hensen, Opportunities and pitfalls of using building
performance simulation in explorative R&D contexts, Journal of Building Performance Simulation, 12:3 (2019),
pp. 272-288.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Pieter de Wilde, Ten questions concerning building performance analysis, Building and Environment 153 (2019)
pp. 110-117.

F. Patifio-Cambeiro, J. Armesto, G. Bastos, J. I. Prieto-Lopez, F. Patifio-Barbeito, Economic appraisal of energy
efficiency renovations in tertiary buildings, Sustainable Cities and Society 47 101503 (2019).

A. Galatioto, R. Ricciu, T. Salem, E. Kinab, Energy and economic analysis on retrofit actions for Italian public
historic buildings, Energy 176 (2019) pp. 58-66.

M. Cajias, F. Fuerst, S. Bienert, Tearing down the information barrier: the price impacts of energy efficiency
ratings for buildings in the German rental market, Energy Research & Social Science 47 (2019) pp. 177-191.
European Commission (2010). Directive 2010/31/EU of the European Parliament and of the Council of 19 May
2010 on the energy performance of buildings. Official Journal of the European Communities, L 153/13, 18 June
2010.

The European Parliament and the Council. Directive (EU) 2018/844 of the European Parliament and of the
Council of 30 May 2018 amending Directive 2010/31/EU on the energy performance of buildings and Directive
2012/27/EU on energy efficiency. Official Journal of the European Union L 156/75.

CEN (2017). EN ISO 52016-1 -Energy performance of buildings - Energy needs for heating and cooling, internal
temperatures and sensible and latent heat loads - Part 1: Calculation procedures. Brussels: European Committee
for Standardization (CEN).

D. Van Dijk, EPB standards: why choose hourly calculation procedures?, REHVA J (2018).

D. Van Dijk, M. Spiekman, EN ISO 52016 and 52017: calculation of the building's energy needs for heating and
cooling, internal temperatures and heating and cooling load, REHVA J (2016).

CEN (2008). EN ISO 13790 - Energy performance of buildings - Calculation of energy use for space heating
and cooling. Brusselles: European Committee for Standardization.

UNI/TS 11300-1: 2014. Energy Performance of Buildings - Part 1: Evaluation of Energy Need for Space Heating
and Cooling. UNI - Ente Nazionale Italiano di Unificazione -Milano.

L. Sanhudo, N.M.M. Ramos, J. Po¢as Martins, R.M.S.F. Almeida, E. Barreira, M.L. Simdes, V. Cardoso,
Building information modeling for energy retrofitting — a review, Renewable and Sustainable Energy Reviews
89C (2018), pp. 249-260.

J. Sousa, “Energy simulation software for buildings: review and comparison”, Int. Work. Inf. Technol. Energy
Appl. (ITAENERGU 2012), Lisbon, Portugal, 2012.

A. Figueiredo, J. Kampf, R. Vicente, R. Oliveira, T. Silva, Comparison between monitored and simulated data
using evolutionary algorithms: reducing the performance gap in dynamic building simulation, Journal of
Building Engineering 17 (2018) pp. 96-106.

S.H. Lee, F. Zhao, G. Augenbroe, The use of normative energy calculation beyond building performance rating.
Journal of Building Performance Simulation 6 (2013), pp. 282-92.

R. F. Contreras, J. Moyano, F. Rico, Genetic algorithm-based approach for optimizing the energy rating on
existing buildings, Building Services Engineering Research and Technology 37 (2016) pp. 664—68]1.

S. Yigit, B. Ozorhon, A simulation-based optimization method for designing energy efficient buildings, Energy
& Buildings 178 (2018) p. 216-227.

R. Bruno, G. Pizzuti, N. Arcuri, The prediction of thermal loads in building by means of the EN ISO 13790
dynamic model: a comparison with TRNSYS, Energy Procedia 101 (2016) pp. 192—199.

P. Michalak, The simple hourly method of EN ISO 13790 standard in Matlab/Simulink: A comparative study for
the climatic conditions of Poland, Energy 75 (2014) pp. 568-578.

P. Shen, W. Braham, Y. Yi, Development of a lightweight building simulation tool using simplified zone thermal
coupling for fast parametric study, Applied Energy 223 (2018) pp. 188-214.

P. Michalak, The development and validation of the linear time varying Simulink-based model for the dynamic
simulation of the thermal performance of buildings, Energy and Buildings 141 (2017) pp. 333-340.

F. Silenzi, A. Priarone, M. Fossa, Hourly simulations of an hospital building for assessing the thermal demand
and the best retrofit strategies for consumption reduction, Thermal Science and Engineering Progress 6 (2018)
pp. 388-397.

R. Bruno, P. Bevilacqua, N. Arcuri, Assessing cooling energy demands with the EN ISO 52016-1 quasi-steady
approach in the Mediterranean area, Journal of Building Engineering 24 100740 (2019).

CEN (2017). EN ISO 52016-2 -Energy performance of buildings - Energy needs for heating and cooling, internal
temperatures and sensible and latent heat loads - Part 2: Explanation and justification of ISO 52016-1 and ISO
52017-1. Brussels: European Committee for Standardization (CEN).



29.

30.

31.

32.

33.

34.

35.

UNI/TR 11552: 2014. Opaque envelope components of buildings — Thermo-physical parameters. UNI - Ente
Nazionale Italiano di Unificazione -Milano.

F. Calvino, M. La Gennusa, A. Nucara, G. Rizzo, G. Scaccianoce, Evaluating human body’s area factors from
digital images: a measurement tool for a better evaluation of the ergonomics of working places, Occupational
Ergonomics, vol. 5 issue 3 (2005) pp. 173-185.

C. Marino, A. Nucara, G. Peri, M. Pietrafesa, A. Pudano, G. Rizzo, An MAS-based subjective model of indoor
adaptive thermal comfort, Science and Technology for the Built Environment 21 (2015) pp. 114-125.

S. P. Corgnati, E. Fabrizio, M. Filippi, Reference Buildings for Cost-Optimal Analysis: the activities of the TEBE
Research Group (2012). In The European Portal For Energy Efficiency In Buildings (Build Up). Available at:
http://www.buildup.eu/en/practices/publications/reference-buildings-cost-optimal-analysis-activities-tebe-
research-group.

S. P. Corgnati, E. Fabrizio, M. Filippi, V. Monetti, Reference buildings for cost optimal analysis: Method of
definition and application, Applied Energy 102 (2013) pp. 983-993.

E. Fabrizio, D. Guglielmino, V. Monetti, Italian benchmark building models: the office building. Proceedings

from Build. Simul. 12th Conf. Int. Build. Perform. Simul. Assoc. Sydney (Australia), 2011.

U.S. Department of Energy (2018). EnergyPlus™ Version 9.0.1 Documentation, Input Output Reference.



